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Pqst studies in the Western Regionol Reseorch Loborotory on cui dried fruits

hove been concerned with col lect ing doto on lhe ef fects of  t ime ond temperoture, moisture ond

sulfur dioxide content on product stobi l i ty --  
Flmuch needed bosis for esiobl ishing condit ions for

opt imum storoge stobi l i ty,  The doto on sul fur dioxide content hos been used by the Dried Frui i

Associot ion of  Col i fornio ond representot ives of  the United Stotes Foreign Agricul iurol  Service in

negot iot ions with foreign countr ies for l iberol iz ing restr ict ions imposed on ihe use of sul fur dioxide

in dr ied frui ts,  At the present t ime most of  the Europeon countr ies permit  2,000 ports per mi l l ion

of sul fur dioxide in cut dr ied frui ts ond we hove heord recent ly thot Jopon hos now fol lowed sui t .

Much os we would l ike to,  ond other countr ieswould l ike us to,  we connoidispense with this

effective preservqf ive.

We might on f i rs i  g lonce consider thot 2,000 ports per mi l l ion of  sul fur dioxide

is qui te o generous ol lowonce. However,  in octuol  foct ,  th is restr ict ion severely l imits the

shelf- l i fe of  the products once lhey hove entered o country.  As soon os sul fur dioxide is oppl ied

to frui t ,  i t  begins to breok down, io disoppeor.  When the level  drops to one third of  i ts or ig inol

volue, obout 700 ports per mi l l ion os- is bosis,  there is no longer suff ic ient sul fur dioxide to

protect the frui t ,  ond spoi loge ond dorkening become not iceoble,  The frui t  is then unsoloble.

Temperoture of storoge hos o profound effect on the rqte of sulfur dioxide loss

os we con see frem on exominot ion of  the curves in Figure I ,  At 9Oo F. sforoge, the shel f- l i fe

est imoted for sul fur dioxide levels stort ing of  2,000 ports per mi l l ion ond fol l ing io 200, is

opproximotely one ond one-hol f  months; ot  7@ F. ,  f ive to s ix months. Any high temperorure

obuse, no motter how shorf, is "remembered,t,t so to speok, by the product, Thot is to soy, the

effect  of  storoge temPeroture obuses ore cumulot ive. l t  would be highly desiroble,  therefore,
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to  be ob le  to  s tob i l i ze  the su l fur  d iox ide ogo ins t  th is  decoy.

ln  order  to  ex tend she l f - l i fe  o f  cu t  dr ied f ru i ts  ond s t i l l  s toy

orbi t ror i ly imposed l imits i t  is  necessory to reduce this rote of  sul fur dioxide loss,

we f i rs t  must  determine the monner  in  which su l fur  d iox ide is  dest royed ond then

occe lero te  th is  dest ruc t ion.  Corefu l  s tud ies  o f  th is  loborotory  hove conc lus ive ly

wi th in  the l imi ts  o f  our  methods o f  onq lys is ,  o l l  the sut fur  d iox ide los t  oppeors  os

SOZ + 1/2C 
2= 

SO3 ond 5Og + HzO = H2SO4.

Nowri f  is wel l  known thqt such on qutoxidot ive conversion is occeleroted

by exposure to oir ,  moisture, rodiof ion (sunl ight) ,  heot,  ond metols such os i ron, mongonese,

nickel ,  etc.  Of these foctors,  exposure to l ight,  q ir  ond metols were considered control loble.

The effect  of  sunl ight is evident in doto in Figure 2 in which peoches dr ied

in o tunnel dryer ore compored with peoches dried in the sun. The effect of exposure to light

in storoge is only of concern, however, with dried opples, Doto for sulfur dioxide loss ond sr lfoie

formotion in dried opples stored in the dork ond exposed to fluorescent lighting is plotted in

Figure 3,  l t  is  qui te evident thot exposure to l ight occeleroted the rote of  conversion to sul fote.

In Figure 4,  on the other hond, i t  is  seen thot the stobi l i ty of  sul fur dioxide in dr ied peoches

is not port iculor ly chonged by exposure to l ight.  This is olso true for opr icots,  ol though, there

is  o  s l ight ly  observob le  d i f fe rence.

Exposure to the oxygen of the oir  con be control led by hermeticol ly seol ing

the dried fruii in cons or vocuum seoling in impewlous fllms such os rrSoron r'. The oir in bogs

ond contoiners moy be reploced by flushing with inert goses such os nitrogen or products of

noturol gos combusiion. These meosures ore rother expensive qnd involve treotments on eqch

individuol retoil pockoge. Another solution to the problem is to remove the oxygen from the

contoiner with on oxygen scover€er system. The scqvenger ond retoi l  pockets (s lowly permeoble

to oir)  ore seoled in on impermeoble (Soron) bog inside the shipping corton, When the corton

w i th in  these

but to do this

whot foctors

shown thot,

su l iote ions:
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is opened for disploy in the retoil store, the impermeoble (Soron) bog ond scovenger ore thrown

owoy. The contenfs of  the scovenger ore non-poisonous, though they would not improve the frui t ,

i f  they were mixed wi ih i t .

In Figure 5 there is given the composi l ion of  the scovenger mixture ond

cutrves showing the rote of  oxygen uptoke. The qct ive ingredient is sodium bisul f i te which

l ike  su l fur  d iox ide in  the dr ied f ru i t  i s  ox id ized by the oxygen in  o i r  to  su l fo te .  The corbon,

fer r ic  ch lor ide ond hydrogen perox ide s imply serye to occel .erote the reoct ion.

the reoct ion ropid ly  to  complet ionr  oh 80Yo excess of  su l f i te  is  used" At  room

proc t i co l l y  o l l  o f  the  oxygen  in  o  one  l i t e r  con to ine r  i s  removed  in  o  ho l f  doy .

In order fo push

temperoture

In Figure 6 we see opricots on the left stored 80 doys qt 90o F. without

oxygen scoverEer ond on the right 80 doys with scovenger, lt is hoped thot in the printed

reproduct ion the cleor ly dorker oppeoronce of the opr icots not stored with scovenger is v is ible.

The octuol sulfur dioxide reteniion doto for the two storoge somples oppeor in Figure 7. The

frui t  in the bogs stored with the scovenger lost  only 570 ports per mi l l ion of  the sul fur dioxide

whereos the controls stored without oxygen scovenger lost  1600 ports per mi l l ion, olmost three

t imes os much !  In ihe bottom l ine is given the doto for qlcohol extroctoble color,  which olso

i l lustrotes the improvement ( l ightness in color)  goir ted by oxygen removol.  l t  must be kept in

mind thot under this proposed hondling procedure, ctmospheric control would be effected only

during worehousing ond trdnsportotion ond os long os the pockoge remoined intoci ond ihe

copocify of the scovenger wos not exceded.

Control of troce metol octivotion of the conversion of sulfur dioxide to

sulfote is best ochieved by using sequestering ogents, since in processing ond fruit hondling,

metol contominolion connot be ovoided. A series of these sequesiering ogenfs oppeon in

Toble I  in which they ore l isted from lef t  to r ight in increosing order of  ovidi ty for i ron.

Unfortunotely,  the edible compounds moltol  ond koi ic ocid form br ight red odducts with i ron.

Ethylenediomine tetroocet ic ocid (EDTA), however,  is permit ted in foods ond is qui te ef fect ive
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os seen in Figure 8 in which is shown on opple slice treoted with o l% solution of EDTA

ond onother, untreoted, both stored qt 9@ F. for 17 doys. We hove rp doto on sulfur dioxide

retention for this experiment but fhe benefit is visibly evident.

To summorize -- qn extension of shelf-life for cut dried fruit (possibly o

doubling) con be reolized by confrolling ogents known to qccelerqte the conversion of

sulfur dioxide to sulfote. Seporotely, or in combinqtion, use moy b" rod. of on oxygen

scovenger for removing ox)€en, controlling exposure to light during drying ond in storoge,

ond, finolly, reduc ing the metol octivotion by opplyirg ethylenediomine tetroocetic ocid

or other permitted sequestering ogents.

(June 24, 1963)

###
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