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Abstract: L itch i is a famous sub trop ical fru it species in sou thern Ch ina. Since litch i fru it m atu re in ho t season, the fru it

deterio rate rap idly after harvest due to pericarp b row n ing ( i. e. lo ss of red co lo r) and fru it decay, the po stharvest life of

fru it a t am b ien t temperatu re is less than 3 days. T h is sho rt po stharvest period lim its its long2distance transpo rta t ion,

m arket ing and consump tion. T herefo re, po stharvest research becom es a key p rob lem in the developm en t of litch i

p roduction. T h is paper comp rehensively in troduces the causes of decay and lo sses of litch i fru it ( i. e. the structu ral

characterist ics of fru it, the physio logical and patho logical causes) , techn iques of comm ercial po stharvest handling and

sto rage of litch i fru it, including differing sto rage characterist ics of cu lt ivars, harvest m atu rity and harvest ing m ethod,

so rt ing and grading, fungicides dipp ing, treatm en ts to reduce w ater lo ss, t reatm en ts to reduce pericarp b row n ing and

m ain tain red co lo r of litch i fru it such as SO 2 fum igation, acid dipp ing o r p last ic packaging, quaran tine treatm en t such as

in sect disinfesta t ions, p recoo ling, packaging, fru it sto rage under am bien t temperatu re, co ld sto rage, con tro lled o r

modified atmo sphere sto rage, transpo rta t ion and m arketing.
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1　 In troduction

　L itch i (L itch i ch inensis S onn. ) is an evergreen tree

of the Sap indaceae fam ily tha t is ind igenou s to the

sub trop ics of sou thern Ch ina [ 1 ]. L itch i is grow n

comm ercia lly in m any coun tries, includ ing Ch ina,

Ind ia, T hailand, Pak istan, M adagascar, M au rit iu s,

A u stra lia, Sou th A frica and Israel w h ich accoun t fo r

m o st of the fru it p roduct ion [ 1, 2 ]. Ch ina is the la rgest

coun try of litch i p roduct ion, and has developed rap id ly

in the past decade. In 1999, the p lan t ing areas of litch i

in Ch ina w ere est im ated to be 530 000 hectares w ith a

to ta l p roduct ion of 1 260 000 ton s[ 3, 4 ]. Since litch i fru it

m atu re in ho t season, the fru it deterio ra te rap id ly

after harvest due to pericarp b row n ing ( i. e. lo ss of red

co lo r) and fru it decay, the po stharvest life of fru it a t

am b ien t tem pera tu re is less than 3 days. T h is sho rt

po stharvest period lim its its long2distance

tran spo rta t ion, m arket ing and con sum p tion.

T herefo re, po stharvest research becom es a key

p rob lem in the developm en t of litch i p roduct ion [ 1～ 4 ].

Fo r ex tending the shelf life of litch i fru it, f ind ing a

w ay to sto re it fo r a longer period w ithou t lo sing its

fresh favo r, p reven t ing the b row n ing of the red

pericarp and thereby reducing the spo ilage, th is paper

com p rehen sively in troduces the cau ses of decay and

lo sses of fru it, techn iques of po stharvest handling and

sto rage, w h ich w ere based on the in terna t iona l

research resu lts on po stharvest handling and sto rage

of litch i fru it.

2　Causes of decay and losses of l itch i fru it

2. 1　Structura l character ist ics of l itch i fru it
　T he edib le part of litch i fru it is a ril. T he m atu re

litch i pericarp con sists of exocarp , m esocarp and

endocarp [ 1, 3 ]. T he ou term o st exocarp has a very th in

cu t icle, a sing le ep iderm al layer and subep iderm al

sch lerenchym a [ 1, 3, 5～ 7 ]. T he ex terna l w all of ep iderm al

cells is very th in [ 6 ]. T here are m any sm all p ro jected

ridges, a lo t of m icro2crack s w ith m u tua l connect ion,

m any len t icels w ith d ifferen t shapes and sizes in

exocarp su rface [ 5～ 9 ]. T he m esocarp is a t issue

con ta in ing m o st of the an thocyan in s. T he innerm o st

endocarp is m em b ranou s and m ade up of sm all, th in2
w alled, un suberised ep iderm al cells[ 1, 3, 5～ 9 ]. T he

structu re of fru it stem 2end con sists of vascu lar

bundles, stella r stone2cells and ven t ila t ing t issue,

w h ich w ere la rge cell in terst ices and in tercellu la r

cavity [ 6, 7 ]. R ap id w ater lo ss, pericarp b row n ing and

pathogen s infect ion of litch i fru it occu r du ring

po stharvest sto rage, w h ich cau sed poo r sto rab ility and
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low resistance to d iseases of fru it, due to the h igh
perm eab ility of the cu t icle to w ater, dam age to the

cu t icle and p ro jected ridges, the p resence of m icro2
crack s and len t icels in exocarp su rface, the p resence of
la rge cell in terst ices and in tercellu la r cavity in fru it

stem 2end [ 3, 6, 7 ]. U nderh ill et a l. [ 9 ] found tha t m icro2
crack s 20～ 100 Λm w ide in the pericarp su rface w ere
p resen t a t the t im e of harvest bu t increased in den sity
after 12 h and ex tended in to the m esocarp , w h ich m ay

be invo lved in facilita t ing rap id desicca t ion2induced

pericarp b row n ing [ 10 ].

2. 2　Physiolog ica l causes
2. 2. 1　B row n ing and lo ss of red co lo r in litch i
pericarp
　Pericarp b row n ing is the m ajo r po stharvest p rob lem

of litch i fru it. A lthough the in it ia l pericarp b row n ing
is p rim arily a co sm etic p rob lem , it reduces the

comm ercia l va lue of the fru it [ 1, 3, 11 ]. Fu rther b row n ing

is genera lly associa ted w ith the lo ss of ea t ing

quality [ 3 ]. Pericarp b row n ing w as m ain ly cau sed by

desicca t ion, ch illing in ju ry, m echan ica l in ju ry, hea t

st ress, d isease and senescence [ 1, 3, 4, 9, 11 ]. A ll these

facto rs cau se the lo ss of cellu la r com partm en ta t ion,

a llow ing po lypheno l ox idase ( PPO ) ( loca ted in the
ch lo rop last and o ther p last ids) to react w ith pheno lics

sub stra tes ( loca ted in the vacuo le ) , to fo rm b row n

po lym ers[ 12, 13 ]. Perox idase (POD ) enzym es m ay also

be invo lved in the ox ida t ion of pheno lics[ 1, 3, 4, 13 ].
　L itch i fru it a re very su scep t ib le to w ater lo ss.

D esicca t ion2induced b row n ing begin s on the
p ro tuberances of the pericarp and sub sequen t ly

sp reads acro ss the en t ire su rface, w ith b row n ing

loca lized in the exocarp and upper m esocarp [ 13 ].

Select ive dehydra t ion of the pericarp occu rred w ith
lit t le m ovem en t of w ater betw een the aril and the
pericarp , thu s, w ater lo ss of fru it w as m ain ly from

the pericarp ra ther than the aril[ 9～ 11 ]. Even tua lly, the

aril a lso lo ses w ater and the fru it becom e flaccid and

b land [ 9, 10 ]. B row n ing severity and lo ss of red co lo r

w ere inversely rela ted to the RH (from 95% to 60% ) ,

pericarp b row n ing w as po sit ively co rrela ted w ith w ater
lo ss from pericarp [ 9～ 11, 14 ].
　Ch illing in ju ry is the m o st seriou s physio log ica l

dam age du ring co ld sto rage. Ch illing in ju ry m ay occu r

w hen litch i fru it a re sto red a t low tem pera tu res of 0～
5℃, ch illing tem pera tu res are rela ted to cu lt ivars and
p roduct ion reg ion s[ 15, 16 ]. Ch illing in ju ry a lso cau ses

the pericarp to b row n. Tongdee et a l. [ 15 ] repo rted

dam age to fru it packed in punnets and w rapped in
po lyvinyl ch lo ride (PV C) film after 30 days a t 0℃ and
5℃, un ifo rm b row n ing w as ob served a t 0℃, w h ile a t

5℃ there w ere irregu lar b row n patches. F ru it
resistance to d isease descended and the fru it rap id ly

b roke dow n w hen the ch ill2in ju red fru it w ere m oved

ou t from co ld sto rage to am b ien t tem pera tu re[ 15, 16 ].

　W h ile the d isappearance of the red p igm en ts occu rs

a t the sam e tim e as b row n ing, the pericarp of litch i

con ta in s m any pheno ls, and these are bet ter

sub stra tes fo r PPO than an thocyan in s[ 17 ]. How ever,

an thocyan in s, w h ich accoun t fo r the red p igm en ta t ion

of the pericarp , m ay p lay an im po rtan t ro le in

b row n ing and lo ss of red co lo r in litch i

pericarp [ 11, 18, 19 ]. W hen o rtho2dipheno lic com pounds

are ox id ized to o rtho2qu inones by PPO , these qu inones

are then ab le to ox id ize an thocyan in s in a non2
enzym atic react ion [ 20 ]. J iang [ 21 ] u sed an in vit ro system
to dem on stra te tha t PPO ex tracted from litch i can no t

ox id ize an an thocyan in ex tract from the pericarp

un less certa in pheno lic com pounds are p resen t. T hu s,

the b row n ing of the pericarp can be a t t ribu ted to the
act ion of PPO on the co lo rless pheno lics com b ined

w ith the coup led ox ida t ion of the red an thocyan in s[ 3 ].

Zhang et a l. [ 19 ] found the p roduct of the an thocyan id in
degrada t ion in litch i pericarp had a sim ila r st ructu re to

ca techo l ( a good sub stra te fo r PPO ) , w h ich cou ld

accelera te enzym atic b row n ing react ion by PPO. A n

an thocyanase, ca ta lyzing an thocyan in s hydro lysis and
p roducing an thocyan id in, w as ex tracted from litch i

fru it pericarp. H igh act ivity of an thocyanase w as

ob served in the pericarp. T hu s, an thocyanase m igh t

con tribu te to the b row n ing of litch i pericarp invo lved
in the an thocyanase2an thocyan id in2PPO react ion [ 19 ].

　 T he structu re and co lo r of an thocyan in s are

dependen t on their cellu la r pH value. A rise in pH

value converts the red flavylium cat ion s in to the
co lo rless fo rm s of an thocyan in s ( carb ino l o r

p seudobase) , w h ich are m o re degradab le by PPO [ 3, 14 ].

In addit ion, the co lo rless fo rm s of an thocyan in s a llow
exp ression of any b row n background co lo r. L o ss of

cellu la r com partm en ta t ion and w ater lo ss increase

pericarp pH value, and th is change is respon sib le fo r

som e of the change in co lo r exp ression and sub sequen t
degrada t ion of the an thocyan in s[ 3, 14, 18, 22 ]. T he fact tha t

red co lo r can be regenera ted by acid if ica t ion ind ica tes

tha t an thocyan in s are st ill p resen t in the a lterna t ive

fo rm s. H ence, no t a ll an thocyan in s are invo lved in the
coup led ox ida t ion react ion [ 3, 22 ]. T he im po rtance of

in tracellu la r pH value in fix ing an thocyan in s and

reversing the fo rm at ion of co lo rless com pounds has
been recogn ized and app lied [ 23～ 25 ]. How ever, seriou s

pericarp b row n ing at the la ter stage of sto rage fa iled to

be regenera ted red pericarp by acid if ica t ion [ 22 ].
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2. 2. 2　Gas in ju ry
　U n su itab le con tro lled a tm o spheres (CA ) sto rage o r

packaging m ay cau se excessive concen tra t ion of CO 2

lead ing to po ison ing. W hen CO 2 concen tra t ion
exceeded 8%～ 10% , the ethano l con ten t in pu lp

rem arkab ly increased, ethano l flavo r w as very strong
and the taste of pu lp w as off2f lavo rs[ 16 ]. A tm o sphere
of 15% CO 2 resu lted in off2f lavo rs and a du ll, g rey

pu lp in‘M au rit iu s’(‘T ai So’) litch i fru it [ 26 ]. Pesis et

a l. [ 27 ] repo rted tha t litch i fru it packed in

m icroperfo ra ted lam ina ted po lyethylene (PE) bags had
less decay bu t poo rer taste than fru it in
m acroperfo ra ted bags. CO 2 concen tra t ion in the

m icroperfo ra ted bags w ere abou t 5% at 2℃ in fru it
from the first harvest bu t abou t 13% in fru it from the
last harvest. W hen bags w ere tran sferred to 20℃,

CO 2 concen tra t ion s w ere as h igh as 26% in la ter

harvested fru it, resu lt ing in h igher aceta ldehyde and

ethano l concen tra t ion s, w h ich con tribu ted to off2
f lavo rs.
2. 3　Pa tholog ica l causes
　L itch i fru it a re very su scep t ib le to po stharvest decay
by bacteria, m o lds and yeasts[ 1, 3 ]. N early 150 species
of m icroo rgan ism s w ere iso la ted from litch i fru it,

specif ica lly w ith 52 bacteria, 39 m o lds and 59

yeasts[ 16, 28 ]. Am ong them , litch i dow ny b ligh t
(P eronop hy thora litch i Chen ex Ko et a l. ) ,

an th racno se (C olletotrichum g loeosp orioid es Penz. )

and sou r2ro t (Geotrichum cand id um L ink ex Pers. o r
O osp ora sp. ) a re the m o st im po rtan t d iseases in

Ch ina [ 4, 28 ]. Con tro l m easu res include fungicides,

irrad ia t ion, hea t, con tro lled a tm o spheres, and
b io log ica l agen ts[ 29 ].

3 D ifferen t storage character ist ics of cult ivars

　T here are apparen t d ifferences on sto rab ility and
resistance to d iseases of litch i fru it am ong cu lt ivars
due to their d ist inct ion s of the structu ra l and

physio log ica l characterist ics[ 16, 28 ]. F ru its of som e
cu lt ivars such as‘H eiye’ , ‘Gu iw ei’ and‘H uaizh i’,

have th icker pericarp , harder aril, low er w ater and
h igher sugar in pu lp and low er resp ira t ion of fru it,

w h ich are associa ted w ith strong resistance to
d iseases, easier sto rage and tran spo rta t ion. W hereas

fru its of cvs. ‘ L anzhu’, ‘ N uom ici’ and
‘Sanyuehong’, w ith th in pericarp , soft a ril, h igh

w ater and low sugar in pu lp and vigo rou s resp ira t ion

of fru it, tended to have low resistance to d iseases,

poo r sto rage and tran spo rta t ion [ 16, 28 ]. T herefo re,

select ing cu lt ivars fo r bet ter sto rage and

tran spo rta t ion fea tu res is one of the im po rtan t

con sidera t ion s fo r po stharvest handling.

4　M a tur ity and harvest ing

　L itch i fru it shou ld be harvested w hen fru it fu lly
m atu re w ith red co lo r pericarp and ready to ea t since

they do no t ripen after harvest [ 1, 3, 4 ]. Genera l

gu idelines fo r harvest ing are d iff icu lt to p rescribe

becau se of the w ide range of variet ies of grow th [ 1 ].

M atu rity can be determ ined by fru it w eigh t, pericarp

co lo r, pu lp sugar, to ta l so lub le so lids ( T SS ) ,

t it ra tab le acid ity (TA ) , sugar: acid ra t io o r T SS: TA

rat io , f lavo r and days from an thesis[ 1, 3, 4, 16, 28 ].

Ba t ten [ 30 ] repo rted tha t TA and T SS: TA rat io w ere

bo th good ind ica to rs of flavo r, how ever, T SS w as no t

con sidered as a reliab le m atu rity index. Chen et a l. [ 4 ]

and U nderh ill et a l. [ 31 ] recomm ended T SS: TA rat io of
30～ 40 o r 70 as a m atu rity index. T he T SS: TA rat io

w as the grea test in ‘M uzaffarpu r’ litch i fru it

harvested 78 days after fru it set, and the op t im al
harvest period w as 73～ 78 days after an thesis[ 32 ]. In

p ract ice, m atu rity is u sua lly assessed on fru it co lo r,

f lavo r and ea t ing quality.

　L itch i fru it a re harvested by b reak ing o r cu t t ing
w ho le pan icles, som etim es w ith a leafy b ranch, and

p laced in field con ta iners, e. g. p last ic cra tes o r
bam boo baskets[ 3 ]. Since m echan ica l dam age to the

fru it w ill increase desicca t ion and decay, and sho rten
sto rage life, care shou ld be taken du ring

harvest ing [ 33 ]. F ru it shou ld be harvested early in the

day after dew dry o r la te in the afternoon to decrease
field hea t, m in im ize the increase of fru it tem pera tu re

w ith the sun. H arvest ing du ring the ho t test part of

the day o r on ra iny day shou ld be avo ided [ 3, 16, 28, 33 ].

Shad ing of harvested fru it, rap id tran sfer of fru it from
the o rchard to the pack inghou se and m in im al delays

betw een harvest ing and coo ling, a ll con tribu te to

im p roved po stharvest life and quality of fru it [ 3, 33, 34 ].

5　Postharvest handl ing

5. 1　Sorting and grad ing
　 So rt ing and grad ing of litch i fru it after harvest
shou ld be opera ted in shaded and w ell2ven t ila ted areas
o r in pack inghou se w ith low 2tem pera tu re con tro l. T he

pan icles are sp lit in to sub2pan icles, and leaves and

tw igs rem oved. F ru it tha t a re undersized, imm atu re,

over2m atu re, m isshapen, d iseased by pathogen s,

dam aged by in sects o r sp lit a re elim ina ted [ 3, 33 ]. F ru it

shou ld be graded to en su re h igh quality fru it a t h igh

p rice, and su it d ifferen t m arkets[ 3, 28, 33 ]. N o
in terna t iona l and Ch ina’s na t iona l grad ing standards

have been fo rm u la ted fo r litch i fru it [ 28 ]. In Ch ina,
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m o st comm on ly, fru it a re graded u sing pericarp co lo r,

fru it w eigh t o r fru it size as the basis fo r grad ing [ 28 ]. In

T hailand, besides fru it size o r fru it w eigh t, g rad ing

classif ica t ion s a lso specify freshness, leng th of sta lk,

co lo r of pericarp , less b lem ishes, decay o r in sect

dam age, and percen tage of loo se fru it [ 35 ].
5. 2　Fung ic ides
　Fungicides d ipp ing has been u sed comm ercia lly in
litch i po stharvest handling fo r inh ib it ing pathogen

developm en t, p reven t ing fru it decay and ex tending
sto rage life. Fungicides w h ich had idea l resu lts in

p ract ica l sto rage w ere Benom yl, TBZ, M BC, Top sin2
M , A liet te, Im aza lil, Ip rod ione, lecith in, P roch lo raz,

Spo rtak and su lfu r t rea tm en t [ 1, 4, 16, 28, 36, 37 ]. How ever,

po stharvest fungicides are no t ava ilab le in a ll g row ing

areas to con tro l litch i fru it d iseases. Fu rtherm o re,

since fungicides po ses po ten t ia l oncogen ic risk s, they

are no t desirab le fo r con sum ers, and m any coun tries
no longer reg istered as po stharvest chem ica ls[ 1, 33 ].

T hu s, the a lterna t ive m ean s such as b io log ica l con tro l
and coat ing app lica t ion fo r fru it decay con tro l a re

needed [ 16, 38～ 41 ].

5. 3　Trea tm en ts to reduce wa ter loss
　Co ld sto rage, m ain ta in ing a h igh rela t ive hum idity
(RH ) , fru it coa t ing o r p last ic packaging help s reduce

w ater lo ss and desicca t ion2induced pericarp

b row n ing [ 1, 3 ]. Co ld sto rage help s reduce w ater lo ss
becau se it low ers the vapo r p ressu re d ifference

betw een the fru it and the dry a tm o sphere [ 3 ]. L itch i

fru it sto red a t h igh RH ( 90% to 95% ) also slow s
dow n w ater lo ss and reduces b row n ing [ 14 ]. Ch ito san o r
po lysaccharide (N atu re Sea l) coa t ing reduced w ater

lo ss and b row n ing in litch i com pared to the con tro l

fru it [ 39～ 43 ]. U se of acid coa t ing has show n som e
po ten t ia l in m ain ta in ing co lo r and p reven t ing decay of

litch i[ 43 ]. Bu t w ax coat ing w as un successfu l in
p reven t ing w ater lo ss becau se the coa t ing itself

cracked [ 9 ].
　F ru it w ax and vinyl resin p last ic coa t ing, p last ic

packaging such as PE film ( bags ) , low den sity

po lyethylene (LD PE ) film , po lyvinylch lo ride (PV C )

film , styrene punnets, p last ic punnets w ith PV C film ,

o r m ou lded p last ic t rays w rapped in p last ic can reduce
w ater lo ss and b row n ing in litch i com pared w ith

unpacked fru it [ 1, 3 ]. Tongdee et a l. [ 15 ] found tha t fru it
in punnets w rapped in PV C film and sto red fo r 40 days
lo st 6. 4% of their w eigh t a t 10℃ and on ly 1. 7% at
0℃. F ru it packaged in unperfo ra ted PE (0. 04～ 0. 05

mm ) bags a t 20℃ lo st less than 2% fresh w eigh t after
10 days, w h ile con tro l fru it lo st 18%～ 30% , bu t the

incidence of decay w as h igher in packaged fru it [ 44 ].

Fon tes et a l. [ 45 ] com pared LD PE w ith PV C and found
tha t w h ile LD PE reduced w ater lo ss m o re in litch i

fru it, conden sa t ion w as h igher. PV C reduced w ater

lo ss w ithou t cau sing conden sa t ion w h ile b row n ing w as
delayed fo r 36 days w hen fru it w ere sto red a t 5℃[ 45 ].
5. 4　Trea tm en ts to reduce brown ing and ma in ta in red
color
　 T echn iques to reduce b row n ing and m ain ta in red
co lo r have included dipp ing the fru it in hydroch lo ric

a id (HC l) , asco rb ic acid, cit ric acid, g lu ta th ione,

po lyam ines (1 mm o l·L - 1 pu trescine, sperm id ine o r
sperm ine) , lecith in, su lphu r d iox ide (SO 2) fum iga t ion

and the trea tm en ts to reduce w ater lo ss[ 1, 3, 36, 46～ 48 ]. Bu t
of these, on ly SO 2 fum iga t ion, acid d ipp ing and p last ic

packaging have been u sed comm ercia lly [ 1, 3 ].
5. 4. 1　SO 2 fum iga t ion
　SO 2 fum iga t ion has been the m o st effect ive p ract ica l

po stharvest t rea tm en t fo r con tro l of pericarp b row n ing

and fru it decay in litch i[ 1, 3 ]. Fum iga t ion is ach ieved by
bu rn ing 100 g of 90% su lphu r pow der per m 3 of fru it
a t an am b ien t tem pera tu re of 28℃ fo r 20 m in w ith no

hum idity con tro l, a lthough recomm endat ion s m ay

vary sligh t ly [ 1, 3, 24, 25, 35 ]. Sodium m etab isu lph ite is as
effect ive as SO 2 if fo llow ed by an acid d ipp ing [ 49 ].

Su lphu r trea tm en t of red litch i fru it resu lted in a

p liab le bu t b leached pericarp , w h ich tu rned a un ifo rm

p ink co lo r after 3～ 5 days a t 22℃[ 24 ]. If excess
su lphu r is u sed, the pericarp tends to tu rn yellow o r

pa le green and fa ils to retu rn to the red co lo r [ 1 ].

Su lph ite b leach ing of red an thocyan in s occu rs as the

negat ive ion s from the su lphu rou s acid react w ith the
flavylium cat ion and fo rm co lou rless ch rom en24 (o r 2) 2
su lphon ic acid. T h is react ion is part ia lly reversib le as
SO 2 is ox id ized [ 50 ]. SO 2 fum iga t ion is the m o st effect ive

w hen w ho le litch i fru it su lphu r residue is 200～ 350

m g·kg- 1 imm edia tely after fum iga t ion. Su lphu r

residue is m ain ly in the pericarp and decreased rap id ly

in the first few days after fum iga t ion [ 1, 51 ]. A m ax im um
aril su lphu r residue lim it in Eu rope, A u stra lia and

Japan is 10 m g·kg- 1, in Ch ina is 50 m g·kg- 1, bu t
in the U SA , su lfu r is on ly reg istered fo r po stharvest

u se on grapes[ 1, 52, 53 ]. P rogress has been m ade in
decreasing SO 2 residue in the aril to 1 ～ 30

m g·kg- 1 [ 3, 35, 51, 53 ]. How ever, due to SO 2 fum iga t ion

resu lted in an aftertaste and w ith the increasing
lim ita t ion on SO 2 u se, the a lterna t ive m ethods such as

hea t t rea tm en t and acid d ipp ing fo r reducing pericarp

b row n ing and red co lo r reten t ion of litch i fru it a re

needed [ 1, 3, 23～ 25, 48, 54, 55 ].
5. 4. 2　A cid dipp ing
　L itch i pericarp co lo r faded du ring sto rage, po ssib ly
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as a resu lt of an increase in the pH value of the cell

sap [ 14, 24, 25, 49 ]. R ed co lo r in litch i pericarp can be

regenera ted by acid d ipp ing due to convert ing the

an thocyan in p igm en t back to the red flavylium ion,

w h ich p redom inates a t low pH value [ 1, 3, 22, 24 ].

Zauberm an, et a l. [ 24 ] repo rted tha t the b leach ing

pericarp cau sed by SO 2 fum iga t ion can be resto red red

co lo r by dipp ing fru it in d ilu te HC l. B lanch ing litch i

fru it in w ater a t 98℃ fo r 30 s fo llow ed by

hydrocoo ling in w ater a t pH 0 fo r 5 m in resu lted in a

p liab le, red pericarp and no aftertaste [ 55 ]. V apo r hea t

t rea tm en t fo r 2 s fo llow ed by low pH dipp ing (pH 0)

resu lted in red fru it even after sto rage a t 1°C fo r 28

days[ 56 ]. Ho t w ater b ru sh ing, w here fru it a re sp rayed

w ith ho t w ater w h ile being b ru shed in a revo lving

drum , fo llow ed by HC l and fungicide d ipp ing, has

been show n to m ain ta in a un ifo rm red co lo r fo r a t least
35 days, w ithou t apparen t deterio ra t ion in ex terna l o r

in terna l qua lity, o r taste [ 48 ].

5. 5　 In sect d isinfesta tion s
　D isinfesta t ion s, part icu la rly aga in st fru it f ly, a re

requ ired by m any im po rt ing coun tries, especia lly the

U SA and Japan [ 57, 58 ]. H ea t, co ld, and gamm a

irrad ia t ion are accep tab le m ethods fo r in sect

d isinfesta t ion s of litch i fru it [ 52, 58, 59 ]. Ho t w ater

t rea tm en t (HW T ) of litch i fru it a t 49℃ fo r 20 m in

p ropo sed as in sect d isinfesta t ion s[ 51, 52, 59 ]. Fo llet t, et

a l. [ 59 ] repo rted tha t ho t w ater imm ersion a t 49°C fo r 20

m in u sed to con tro l fru it f ly in litch iw as a lso effect ive

aga in st C ryp toph leb ia spp. A vapo r hea t t rea tm en t
(V H T ) at 45℃ fo r 30 m in w as sufficien t to k ill

Q ueen sland fru it f ly (Bactrocera ) w ithou t adversely

affect ing ea t ing quality of litch i fru it [ 57 ]. J apan

requ ires tha t litch i fru it therm ally trea ted un t il the

pu lp tem pera tu re of fru it reaches 46. 2℃ and rem ain s

there fo r 20 m in, fo llow ed by coo ling un t il the fru it

reaches 2℃ and is m ain ta ined there fo r 42 h to

d isinfest fru it f ly [ 1, 3, 33 ]. Co ld sto rage of litch i fru it a t
1℃ fo r 12 days o r 1. 1℃ fo r 15 days has been accep ted

as m ethod fo r in sect d isinfesta t ion s[ 52, 58 ]. How ever,

co ld sto rage and hea t t rea tm en ts increase pericarp

b row n ing [ 48, 51, 52, 57～ 59 ]. SO 2 fum iga t ion, a lone o r w ith

an acid d ipp ing, u sed in con junct ion w ith these

d isinfesta t ion s trea tm en ts effect ively reduced pericarp

b row n ing [ 1, 48, 51, 52, 57 ]. Irrad ia t ion is a p rom ising and

effect ive d isinfesta t ion trea tm en t fo r litch i fru it.

M cL auch lan et a l. [ 60 ] repo rted tha t gamm a irrad ia t ion

a t do ses of 75 o r 300 Gy k ills the eggs and larvae of

Q ueen sland fru it f ly w ithou t affect ing the physica l,

chem ica l o r o rgano lep t ic p ropert ies of the fru it.

6　Precool ing

　L itch i fru it tha t a re qu ick ly coo led after harvest,

and rem ained at 5℃ are less sub ject to m o istu re lo ss
( and sub sequen t pericarp b row n ing ) , decay and

deterio ra t ion [ 61 ]. Room coo ling (3～ 5℃ a ir tem pera t2
u re and 80%～ 90% RH ) took 13 h to decrease the

tem pera tu re of litch i fru it from 27℃ to 3℃. Fo rced2
a ir coo ling (2. 5 cm sta t ic p ressu re d ifference, 3～ 5℃
a ir tem pera tu re and 80%～ 90% RH ) took 60～ 70 m in

to ach ieve the sam e resu lt [ 61～ 63 ]. Fo rced2a ir coo ling

can dry ou t litch i fru it expo sed direct ly to coo lroom

air, un less the coo lroom opera tes a t 95% RH. Coo ling

t im e can be ex tended if fru it a re packaged in p last ic

bags, it takes up to 2 days to get pu lp tem pera tu re of

packaged fru it dow n to 5℃ w ith room coo ling, and

takes a t least 12 h to coo l litch i fru it w ith fo rced2
a ir [ 61 ]. T herefo re, p recoo ling of litch i fru it shou ld be

done befo re the fru it a re packaged in to p last ic bags,

w h ich is qu icker and reduces the likelihood of

conden sa t ion in side the p last ic bag once the fru it a re

packaged [ 61 ]. H ydrocoo ling is a faster coo ling

techn ique than fo rced2a ir coo ling, it takes up to 10～
20 m in to get pu lp tem pera tu re of 3～ 5℃[ 61～ 63 ].

H ydrocoo ling keep s fru it m o ist and sim p le system s can

be set up rela t ively cheap ly, and has been u sed

successfu lly on litch i fru it. H ydrocoo lers u se w ater to

coo l the fru it. T he w ater can be coo led u sing either

m echan ica l refrigera t ion o r ice. T he w ater is sp rayedö
show ered over the fru it o r fru it is d ipped in to a co ld

w ater ba th [ 61 ]. D ecay m ay be a seriou s p rob lem if the

hydrocoo led fru it a re packaged w et, excessive

m o istu re shou ld be dra ined from the fru it u sing fan s to

speed up drying befo re packaging [ 61～ 63 ]. A lthough

vacuum coo ling of litch i fru it is rap id w h ich can

decrease the pu lp tem pera tu re of‘H uaizh i’ litch i fru it

from 29. 8℃ to 12. 3℃w ith in 30 m in [ 28 ] , the fru it lo se

m o re w ater and b row n easily [ 4 ]. T he app lica t ion of

p re2w ett ing fru it w ith w ater p rio r to vacuum coo ling

can reduce w eigh t lo ss and increase coo ling ra te [ 33 ].

How ever, vacuum coo ling is no t yet comm ercia lly

u sed becau se of the h igh co st of vacuum coo ler.

7　Packag ing

　 L itch i fru it a re packaged in p last ic cra tes o r

fiberboard carton s o r po lystyrene boxes lined w ith PE

fo r expo rt o r long distance tran spo rta t ion. In A sia,

bam boo baskets are w idely u sed as packages fo r loca l

m arkets, bu t they are easily cru shed cau sing dam age

to the fru it du ring sto rage and tran spo rta t ion [ 1, 3, 33 ].

031 V o l. 19, N o. 5 T ransact ions of the CSA E Sep t. 2003 　

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.   All rights reserved.



8　Storage

8. 1　Am bien t tem pera ture storage
　 Sto rage a t am b ien t tem pera tu re m ain ly relies on
fungicides d ipp ing and packaging w ith p last ic f ilm
(bags) , w h ich can con tro l pericarp b row n ing and fru it

decay. L itch i fru it m ay be sto red fo r 7～ 10 days a t 20

～ 30℃[ 28, 36 ]. How ever, the techno logy of sto rage a t
am b ien t tem pera tu re fo r litch i fru it is no t yet
comm ercia lly u sed.

8. 2　Cold storage
　L itch i fru it a re u sua lly trea ted w ith fungicides and
sto red a t 3～ 5℃[ 4, 28, 29 ]. R ecomm endat ion s fo r co ld
sto rage tem pera tu res vary w idely, w ith m in im um

tem pera tu re recomm endat ion s ranging from 0℃ to
7℃, depending on cu lt ivars, p roduct ion areas and the
length of sto rage [ 1, 3, 16, 36 ]. Sw arts et a l. [ 1 ]

recomm ended tha t litch i fru it shou ld be sto red a t 0～
1℃ fo r up to 30 days. Kadam et a l. [ 1 ] recomm ended

tem pera tu res of 5℃ fo r 2 w eek s of sto rage and
tem pera tu res of 7℃ fo r 3～ 4 w eek s of sto rage, and
Tongdee et a l. [ 15 ] recomm ending 7℃ fo r up to 30

days. Pericarp b row n ing induced by ch illing in ju ry of
fru it packaged in PE case and w rapped in PE film w as

m o st rap id a t 0℃, fo llow ed by 2℃ and 5℃. Zhang et

a l. [ 64 ] found tha t fru it condit ioned at 5℃ fo r 5 days

befo re tran sfer to 1℃ had less b row n ing than tho se
sto red a t 1℃ o r 5℃. T herefo re, the op t im um sto rage

tem pera tu re fo r d ifferen t cu lt ivars and differen t

p roduct ion areas shou ld be fu rther invest iga ted [ 16 ].
　A lthough litch i fru it can m ain ta in a good co lo r after
one m on th of sto rage, the ra ther sho rt shelf life of

co ld2sto red litch i fru it due to rap id pericarp b row n ing

at am b ien t tem pera tu re has been one of the m ajo r
ob stacles fo r m arket ing. M oving ou t from co ld sto rage
w ith gradual rising of tem pera tu re o r keep ing fru it

w ith p last ic packaging cou ld ex tend fru it shelf life up

to 24～ 48 h [ 28 ].
8. 3　Con trolled and m od if ied a tm ospheres storage
　Kader[ 65 ] recomm ended 3%～ 5% O 2 and 3%～ 5%

CO 2 a t 5～ 12℃ as litch i fru it con tro lled a tm o spheres
(CA ) sto rage condit ion s. A tm o spheres of 3%～ 5%

O 2 and 3%～ 7. 5% CO 2 p ro longed sto rage life and

quality of the fru it, reduced pericarp b row n ing,

slow ed the ra te of lo ss of asco rb ic acid, to ta l so lub le
so lids and t it ra tab le acid ity and reduced decay [ 14, 26, 66 ].

In addit ion, J iang et a l. [ 14 ] found tha t a tm o spheres of
3%～ 5% O 2 and 3%～ 5% CO 2 resu lted in less w ater

lo ss than a ir con tro ls, desp ite the fact tha t bo th w ere
kep t a t 90% RH. How ever, CA sto rage is no t u sed

comm ercia lly a t p resen t [ 1 ].

　Sco t t et a l. [ 44 ] m easu red 17. 2%～ 18. 9% O 2 and
2. 1%～ 4. 8% CO 2 after 6 days a t 20℃ in punnets

w rapped in PV C, suggest ing tha t the beneficia l effects

w ere a resu lt of m in im izing m o istu re lo ss ra ther than
m odifica t ion of the a tm o sphere. Ind ica t ion s are tha t a

com b ina t ion of reduced m o istu re lo ss w ith a tm o spheric

m odifica t ion w illöw ou ld be m o st effect ive in reducing

pericarp b row n ing and con tro lling decay [ 14 ]. R agno i[ 67 ]

found tha t‘Hong H uai’ litch i fru it packaged in sea led
150 gauge PE film bags con ta in ing 2 kg of fru it and

su lphu r d iox ide pads cou ld be kep t in good condit ion a t
2℃ fo r up to 2 w eek s, w h ile fru it tha t w ere sto red
w ithou t packaging w ere d isco lo red and unm arketab le.

M odified a tm o sphere packaging is u sed to a lim ited

ex ten t [ 1, 3 ].

9　Tran sporta t ion and marketing

　T ran spo rta t ion of litch i fru it can be done by land,

sea and air, depending on the m arket. F ru it so ld in
loca l m arkets are u sua lly tran spo rted by truck to the

d ist ribu t ion cen ters o r w ho lesa le m arkets. In

T hailand, m o st veh icles u sed in tran spo rt ing fru it to
loca l m arkets are no t refrigera ted [ 3 ]. In Ch ina, ice is

w idely u sed in litch i fru it sho rt d istance tran spo rta t ion

fo r 1～ 3 days in non2refrigera ted veh icles. F ru it a re

packaged in to a PE bag (0. 04 to 0. 05 mm th ick ) ,

then sea led and p laced in a po lystyrene box. F ina lly,

ice is p laced on top of the PE bag (ra t io of ice∶fru it is
1∶3～ 1∶4) and the po lystyrene box then sea led [ 4 ].

How ever, darken ing of the pericarp (ch illing in ju ry)

occu rs if litch i fru it con tact the ice [ 3 ]. In Ch ina, litch i

fru it a re u sua lly tran spo rted from the sou th to the

no rth by refrigera ted truck s. F ru it expo rted to

overseas m arkets are u sua lly sh ipped by sea in
refrigera ted con ta iners becau se the co st of sh ipm en t is

cheap and the load ing capacity is la rger com pared w ith

land and air t ran spo rt [ 33 ]. A n alterna t ive m ean s fo r
fru it expo rted to overseas m arkets is a ir

t ran spo rta t ion. How ever, m o st of expo rters do no t

p refer a ir t ran spo rta t ion due to expen sive a irfreigh t

and lim ited load ing capacity.

10　Conclusion s

　W o rld p roduct ion of litch i fru it w ill rap id ly increase

in nex t few years, part icu la rly in Ch ina. Po stharvest
handling of litch i fru it is st ill the m ain p rob lem in

litch i indu stry. Pericarp b row n ing and fru it decay are

the m o st im po rtan t po stharvest facto rs affect ing
sto rage life and quality of litch i fru it. Con sequen t ly,

sto rage condit ion s and po stharvest t rea tm en ts are

selected w ith the ob ject ives of reducing these
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p rob lem s. R ap id coo ling and sto rage of litch i fru it a t
low tem pera tu re can reduce w ater lo ss and con tro lö
supp ress decay o rgan ism s. Co ld2cha in system fo r

litch i fru it du ring po stharvest handling, sto rage,

t ran spo rta t ion and m arket ing rem ain s the m o st

p rom ising m ean s of reducing pericarp b row n ing and

fru it decay, and m ain ta in ing the red co lo r and aril

qua lity. T echn iques such as fungicides d ipp ing and
SO 2 fum iga t ion to reduce pericarp b row n ing, con tro l

po stharvest d iseases and decay, and ex tend sto rage

life of litch i fru it have been u sed comm ercia lly.

How ever, w ith increasing resistance to the u se of

chem ica ls, f ind ing a lterna t ive m ean s of b row n ing and

decay con tro l is needed.
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荔枝果实采后商品化处理和贮藏技术

林河通1, 2, 陈绍军1, 席王与芳2

(1. 福建农林大学食品科技学院,福州 350002;　2. 浙江大学食品科学与营养系,杭州 310029)

摘　要: 荔枝是我国南方著名的主要亚热带果树,但其果实成熟于高温季节,采后由于果皮褐变 (即失去红色)和果实腐烂
而使果实迅速劣变,常温下的采后寿命少于 3 d,这种短的采后寿命严格限制荔枝的长距离贮运、销售和消费。因此,荔枝采
后技术研究成为荔枝生产的关键问题。该文全面地介绍了荔枝果实采后腐烂和损失的原因 (即荔枝果实的结构特性、生理
和病理原因) ,荔枝果实采后商品化处理和贮藏技术,包括不同品种的耐贮运性、采收成熟度和采收方法、选别和分级、杀菌
剂浸泡、减少失水处理、减少果皮褐变和保持果实红色处理 (如熏硫处理、酸浸或塑料包装)、检疫杀虫处理、预冷、包装、贮
藏 (常温贮藏、低温贮藏、气调贮藏、自发气调贮藏)、运输和销售。
关键词: 荔枝; 采收; 采后处理; 贮藏; 果皮褐变; 果实腐烂; 运输
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