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The effects of  moisture on the stobi l i ty of  shel led wolnuts wos discussed ot the

Second Annuol Reseorch Conference of the Dried Fruit Industry Reseorch Advisory Committee iwo

yeors dgo. lt wos reporied thot differences of less thqn lolo in moisture content influenced

signi f icont vor iot ions in kernel  stobi l i t ies.  Other smql l  d i f ferences in physicol  or chemicol

chorocter ist ics moy olso modify kernel  stobi l i t ies,  For exomple, di f ferences in skin coror oppeor

to be relofed to mult i fo ld vor iot ions in the shel f  l i fe of  kernels (Toble l ) .  The lot ier vor iot ions

ore impressive when it is recogn ized thot ihe kernels employed were (o) port of o single lot of

isogenetic nufs shoring q common ogronomic history. Becouse of the relotively severe effects

of smol l  vor iobles, some of which connot be control led compleiely,  i t  is  of ten di f f icul t  fo obtoin

completely reproducible quont i tot ive resul ts,  ol though quol i tot ive ef fects qre generol ly consistent

within repl icote experimenis.  Therefore, studies on the ef fects of  s ingle foctors generol ly include

control led vor iot ions of  other interdependent vqr iobles in order to def ine the l imits of  vor ioi ion

thot moy be expected from finite chonges in the supplementol voriqbles, For these reosons, it

will be necessqry to consider the effects of moisture ond oiher foctors in oddition to the effects

of rodiqt ion which wi l l  be the pr incipol  subiect of  the present discussion.

Effects of Rodiotion: Light ond Heot

Most biologicol systems qre subiected to o brood spectrum of electromognetic

rqdiot ions of  which vis ible l ight is only o very smol l  port ion. Jn oddit ion to very high ond low

frequency rodiot ions, the sun rodiotes ul t roviolet ,  infrored os wel l  os vis ible l ight.  l t  is  generol ly

recognized thot v is ible l ight is o mixture of  rodiot ion frequencies which the humon eye detects
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as the colors of  the roinbow. Simi lor ly,  other types of  rodiot ion ore generol ly mixtures of

rcdiation frequencies. Heterogeneous rodiqtions ore generoted by numerous mon-mode devices

such os electr ic cooking ronges, rodiont heoters,  sun lomps, tungsten, neon, sodium vopor ono

mercury vopon l ight bulbs, f luorescent l ight f ixtures ond numerous other common oppl ionces.

Control led invesi igof ions on the ef fects of  rodiot ion ore possible only in those restr icted port ions

of the electromognei ic sprectrum for which techniques ond instrumentot ion ore qvoi loble.  The

biologicol  ef fects of  speci f ic rodiot ion freqtrencies hove been studied in o l imited monner.  In

recent yeors, o greot deol of work hos been done on the biologicol effects of high energy rodiotions

of the type emitted by nucleor ond tl'rermonucleor devices. lt hos been shown thot these types

of rcdiot ions moy offect  the stobi l i ty of  unprotected wqlnut kernels.  However,  except under

speciol  unfovoroble circumstonces the low levels of  these high energy rodiot ions normol ly

encountered do not s igni f icont ly of fect  kernel  quol i ty.  Rodiof ions which of fect  kernel  stobi l i ty

dur ing normol processing ond morket ing operot ions include: sunl ight,  which is o source of brood

spectruin rodiof ions; tungslen l ight bulbs, which ore pr imory sources of  v is ible ond infrored l ight;

ond f luorescent l ights,  which produrce lorgely v is ible ond ul t roviolet  l ight.  Al though the lot ter,

nun-mode sources of rqdiot ion produce nqrrow spectrum,

o f  o f f e c t i n g  t h e  s t o b i l i t y  o f  w a l n u t  k e r n e l s  s i g n i f i c o n t l y "

Two s imp le  equo t ions  o id  in  desc r ib ing

b io log ico l  sys tems"  The  P lqnck  equo t ion

low in tens i t y  rod io t ionn  they  o re  copob le

the  monner  in  wh ich  rqd io t ion  moy  in f  l uence

E=hv

where E represents energy, l'l is o constont, ond v is rodiont frequency, stotes ihot tne energy

rodicted is directly proportionol to the type of rodiotion emified. For the present purposes, it

is only importont to recognize thot rodiotion is equivolent to energy, The second equotion,

i l lustroted in Figure l ,  stotes thot rodiont energy is the sum of fhe ref lected, t ronsmit ted ond

obsorbed rodiot ion, l t  is  opporenf thot rqdiot ion which is completely t ronsmif fed, such os
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vis ible l ight through o pone of gloss, or totol ly ref  lected, such os vis ible l ight f rom o si lver mirror,

does not odd ony energy io the pone of gloss or mirror. However, rodiotion thot is obsorbed odds

energy to the system, Absorbed rodiot ion moy be ut i l ized in o number of  woys, the most widely

recognized being the product ion of  heot or o r ise in temperoture. Most biologicol  sysiems,

including wolnuts,  obsorb infrored rodiot ion strongly,  experiencing o temperoture increose ond

occeleroted chemicol  reoci iv i t ies.  In wolnuts,  these reqct ions ore unfovoroble leoding to more

ropid dorkening ond the development of  roncidi ty.  ln the broodest sense, obsorpt ion of  infrored

rodiqtion is equivolent to the obsorption of heot, Therefore, storoge ot elevoted temperotures moy

be considered equivolent to exposing kernels to relot ively speci f ic f requencies of  infrored

rodiotion. Consfont product temperofure is ottoined when the heof or infrored energy being

obsorbed is equivoleni  to the radiot ion being emit ied by the product.

The effects of  rodiot ion moy be relofed to both the quol i ty (wove length) ond

the quontity obsorbed. The quontity of rodiofion obsorbed is dependent upon the rodiotion

intensity ond the time of exposure. lt moy be seen in Toble 2 thot storoge of wolnut kernels

in the dork (obsence of visible light) ot 70o F. reduced the shelf life more thon 20olo compored

with kernels held ot  40o F. l t  is  c leor thqi  wolnuis obsorb infrored energy strongly ond ore

sensi t ive to reloi ively smol l  chonges in the quol i ty of  the rodiot ion.

When vis ible ond ul i roviolet  rodiot ions were simultoneously imposed upon kernels

held ot  70o F, using ombient l ight ing, the shel f  l i fe of  the kernels wos reduced to less thon hol f

of thot obtqined for kernels held in the dork (Toble 2). These effects were more pronounced when

the kernel moisture wos obove the optimum moisture ronge. A further increose in storoge temperoiure

from 70o F. to l00o F. produced on onologous reduct ion in the occeptobi l i ty of  kernels (Toble 3).

When o rot ing of  5,  on o hedonic scole of  10, wos designoted os the minimum occeptoble f lovor

level ,  kernels held ot  70o F. were roted 3.9 compored to 6.5 for kernels stored ot l00o F.
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It wcs of fr.:rther interest thof kernel quolity wos losl oi o reduced rote when they

were mointoined in o vocuum. The pr imory ef fects of  fhe vocuum wos due to the obsence of

oxygen. lmproved stobi l i ty was qlso obtoined when kernels were pretreoted with qnt ioxidont

coot ings" The rote of  oxygen obsorpi ion by kernels wos reduced signi f icont ly when on ont ioxidont

wos Present (Toble 4). A 50o/o reduction in the obsorption of oxygen resulied in o three-fold

increose or o l2 month enhqncement in kernel  stobi l i ty.

Ralq idily Mechcn i!!q

Bosic investigofions by mony workers in different loborotories hove produced o

bockground of knowledge from which o mechonism hos been out l ined to exploin the physico-

chemicol  chonges ossocioted with the development of  roncidi ty in shel led wolnuts (Figure 2).

Roncidi iy development moy be ini t ioted by ul t roviolet  rodiot ion cousing fhe formqt ion of  so-col led

free rodicols. Secondory free rodicols ore propdgoted through o choin reoction without furiher

i rrodiqt ion. The free rqdicols combine with ovoi loble oxygen forming o peroxide rodicol  which

in turn obstrocts o hydrogen otom from o neighboring fotty ocid or other molecule ond forms o

hydroperoxide qnd q new free rqdicol in the molecule from which the hydrogen otom hod been

removed. Decomposition of the peroxides or hydroperoxides, cotolyzed by metol ions ond

occeleroted by heot,  resul t  in the formot ion of  o vor iety of  volot i le corbonyl  compounds, These

compounds, which moy include products such os ocetoldehyde, hexonol,  heptonol os wel l  os other

oldehydes ond keiones qPPeor to be responsible for the odors chorocteristic of roncid products.

Reversible ond lrreversrble Ronc idity

on the bosis of the proposed mechonism, it oppeored reosonqble to presume

thot the removol of  corbonyl  ond other volot i le products os they ore evolved might ;nhibi t

or prevent the development of  orgonolept ic roncidi ty.  The resul ts of  o iypicol  experiment

designed to test  th is hypothesis ore shown in Toble 5.  Air-pocked kernels held ot  g0o F. in

the presence of o smoll porous pockoge of octivqted corbon remoined occeptoble for l0 months.
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Simi lor kernels held under the some condit ions without the corbonyl  qbsorber were unocceptoble,

I t  is of  interest thot kernels held in on oir- f ree vqcuum hod sl ight ly better orgonolept ic rot ings

thon the oir-pocked kernels contoining the corbonyl  obsorber.  However,  the freshly-opened

vocuum-pocked kernels hod o sl ight ly f ishy, metol ic odor,  whereos the oir-pocked kernels

contoining qctivoted corbon were odorless.

These resul ts suggested the possibi l i ty thot preformed volot i le products present

in roncid kernels might be removed by incubot ion of  the kernels with ocf ivoted corbon ond thereby

restore them to on occeptoble orgonolept ic level ,  Smol l  pockoges of oct ivoted corbon were

ploced within screw-cop iors of  kernels thot hod become roncid dur ing storoge for l8 months

under ombient condit ions. These somples were mqinioined in the dork ot  70o F. together with

unoPened iors os wel l  os simi lor iors of  kernels which were opened ond re-seoled without oct ivqted

corbon. After 35 doys eoch of the somples wos evoluoted orgono lept ico l ly (Toble 6).  Kernels

which contoined 2.7o/o qnd 3.0% moisture were restored to within occeptoble orgonolept ic l imits.

However, kernels sfored ot higher moisture levels did not respond to the treotment. These

results suggested thot roncidity development progresses in ot leost two distinguishoble stoges.

The first, reversible process dppeors to involve the evoluiion of corbonyl ond other offensive

volot i le compounds. The second, i r reversible stoge moy hove involved the re-obsorpl ion ond

reoct ion of  the volot i le corbonyl  compounds with oiher const i tuents of  kernels such qs free omino

ocids, enzymes or other proteins ond the formqt ion of  nonvolot i le products which could not be

obsorbed by the oct ivoted corbon.

Pockoging

The high suscept ibi l i ty of  wqlnuts to dorkening ond the development of  roncidi ty

under the influences of moisture ond other phys ico-chem ico I effects imposed severe limitotions

upon the types of moter iols thot could be employed for the product ion of  on economicol ,  at t roct ive

vis ible pock. The oddit ionol  unfovoroble ef fects of  rodiot ion, ond port iculor ly ul t roviolet
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rodiot ion, restr ic ied more severely the choice of  moier iols sui toble for pockoging kernels.  Li terol ly

hundreds of types of  pockoging moier iols were surveyed qnd el iminoted. Polyvinyl idene chlor ide-

polyvinyl  chlor ide copolymer (Sorqn) f i lm most c losely f i l led the required speci f icot ions for low

moisture ond oxygen permeobi l i t ies,  strengfh ond resistonce to inseci  penetrot ion. When compounded

with o sui ioble ul t roviolet  obsorbing moter iol ,  Soron hod sot isfoctory ul t rqviolet  l ight-shielding

propert ies (Figure 3).  The shel f  l i fe of  commerciol ,  stobi l ized kernels pockoged in Soron f i lm

eosi ly exceeded l2 months ot  ombient lemperotures under the rodiot ion received from sunl ight

ond f luorescent l ight f ixtures employed generol ly in modern morkets.

Summory

Ultroviolet  ond infrored or heot rodiot ion promote the deter iorot ion of  shel led

wolnuis '  The inf luences of e lec tro; iognef ic rodict ion ,s rc loied in ierdependeni ly io the ef fects

of moisture, oxygen, metol  ions ond orher physicol  ond chemicql  fociors,  A pbrusible mechonism

hos been,sugge5ied to exploin the relot ionships between these foctors,  On the bosis of  the proposed

mechonism, experiments were in i t ioted which supported the premise thot roncidi ty development

Progresses in ot  leqst two stoges. The f i rst  stoge involves the l ight cotolyzed, oxidot ive product ion

of hydroperoxides, fo l lowed by the evolut ion of  volot i le corbonyl  compounds which produce f lovors

chqrocter ist ic of  rsncid kernels.  The second stoge of roncidi ty is v isuol ized qs on interoct ion

between the volot i le products ond other const i tuents,  producing of f- f lovors which, being non-

volot i le,  ore not removed by oct ivoted cqrbon. Furfher knowle{e of  these chemicol  reoct ions

moy provide o rot ionol  bqsis for inhibi t ing the product ion of  i r reversible of f- f lovors ond leod to

development of improved wolnuis ond other food products which would be more resisidnt to

ronc id i ty development.

###

(Jvne 24, I  963)
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TABLE I

Inf luence of Color Grode on the Stqbi l i ty of  Wolnut Kernels Stored in
the Dork qt 70o F.

GRADE MOISTURE
ESTIMATED
SHELF LIFE

Light

Medium

Dork

Dork

oh

3.7

3.9

3.8

4.2

4,3

o/a

3.9

3.6

3.8

4.7

doys

280

r l0

90

2A

TABLE 2

lnf luence of I t to i t t r r" ,  H"ot & Light on the Stqbi l i ty of  Shel led Wolnuts

ESTIMATED
MqlsTuRE SToRAGE CONDTTTONS SHELF L|FE

do rk dq rk

X

doys

> 365

280

150

125

85

X

X

X
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TAB LE 3

Effects of Atmosphere qnd Temperoture on Flovor qnd Color of Stobil ized Wolnut Kernels*

STORAGE
TEMP"

FLAVOR SCORES
INITIAL FINAL

COLOR INCREASE

70

r00

3.6

3.6

Vocuum

3.7

. .4"5

Ai r

3 .9

6,5

Vocuum

t5

t7

Ai r

25

47

*Ant ioxidont- treqted kernels held ot  3,2o/o moisture in seqled t in cons for 5 months.

TABLE 4

en Absorption By Antioxidqnt-Treqted qnd Untreqted Walnut Kernels

STORAGE
TIME

OXYGEN ABSORBED FLA.VOR SCORES

m o .

0

I

4

6

r3

t8

Contro I
o/a

0

I

14

28

47

7 l

Anf iox.
o/o

0

5

l0

l6

2 l

30

4

3

3

4

6

7

4

3

3

3

4

4
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TABLE 5

Stobi l izot ion of Wslnut Kernels With Activoted Corbon Aisorbent

STORAGE
months

ot 80o F.

ATMOs" CARBON FLAVOR SCORES
Moisture levels of
3. 006 3. 4a/o

AT

4.2o/o

ODOR

0

t0

r0

IO

q l r

o r r

q t r

vocuum

no

no

yes

no

TAB LE 6

4.4

6 .4

s"1
4.8

3.4

5.5

5.0

4.2

3"  g

6 .8

5 .  1

4"6

fresh

sto le

none

s l .  me ta l

Reversible ond l rreversible Roncidi in Shel led Wblnuts

MOISTURE
Yo

FLAVOR SCORES
Finol* Plus 35 doys,

Control
7Oo F.,  dork

Corbon

ln i t i o l

2.7

3.0

3.5

4,0

3.4

3.6

7"7

6 .0

7 .3

5 .8

7 .4

5.2

4.5

6. I

* 18 months ot  ombienttemperoture ond l ight.
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Flgure 3. Ultra vlolet absorption spectra of various plastic fllms
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