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ABSTRACT 

The p ape r descr ibe s storage expe r iments carr ied ou t wi th thre e 

varieties of s he lled haze l nut s (c v. Ro man, P iedmo ntese and Akc a koc a) . 

The object of the work was the e v aluati on, b ase d o n che mica l and or­

ganoleptic analyses, of t he s torab ility i n ni t r oge n as c o mpa r e d wi t h 

traditional me thods. 

Storage was carried out a~ room temperature ( app r ox. 22 °C ) in pure 

nitrogen in micros ilos an~ in an app a ratus s imulating a silo o f t0enty 

meters height. Controls in ai r we re ke pt in bags a t - 20 ° , + 4°, 

+ 35°C and at room temperat u re . Mois ture c o n tent remai ned nearly 

constant in hazelnut s s tored unde r nit r ogen, while it de c r eas e d in 

the control s a mp l es . Lipolyti c activit y was h ighe r in the nut s pre­

served in nitro g en b e c a use of the h i ghe r mois t ure c ontent as shown 

by f a t ac id i t y ana lyses . On t he o the r h a nd t h e anoxic e nvironmen t 

s l owe d d Ovln the o x i da t i ve activ i ty and prese r ved bette r o r ganoleptic 

prope r t i es . 

Fat, sugar a n d p ro t e in content s d i d not c hang e during s to r a g e . 

Af ter one year o f storage, haze l nut s p r eserved i n nitrogen r a t ed 

sign ifi cant ly bet ter i n organo lept ic t es ts than those in a i r at r oom 

tempera t ure and sl i gh t l y better or e qua l t o those at l ow temperature. 

Storability i n nitro gen of the t hree cult i vars s t u d i ed decreased 

i n the order : Pi edmontese - Roman - Akcakoca. Hi gh mechanica l pressure 

h a d a n adverse i n fluence on storab il ity. 
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I NTRODUCTI ON 

In the c ourse o f r ecent years s er i ou s d e t e r i o rati ons occurred 

rep eat e dly during t h e sto r age o f haze l n u t s used by c onfec tionar y i n ­

dustries. On the bas is o f the result of stora bi lity s tu i es (Radtke 

and He i ss, 1971 ; Ba r the l e t al., 19 74 ; Hado r n et al ., 1977 ; Hadorn et 

al., 1978; ) , it has been d e ci ded t hat the be s t way f or storing th i s 

k i n d of commodi ty is to ke e p t he ware house at c ontro ll e d temp e ratu r e 

and re l at ive humid ity . The temperature mu s t be kept be t ween t h ree and 

six degree s ce nt i grades a nd the rel at ive humid i t y be t we en f ifty and 

sixty percen t. Yet t he inc r eas ing co s t of ene r gy makes t h is kind of 

s t orag e mo r e and more e xpensive . 

Following the good results obtained wi th nit r ogen a t mo s p he re s for 

c e real stora g e (Shej b a l , 19 76 ; Shej bal , 197 9 ) , we deci ded to apply 

the same te chn ique to haze l nu t s. The aim o f t h is wo r k was to evaluate 

t h e sto r abi lity i n nitroge n as c o mpare d to t r ad it i o na l method s . For 

fut ure storage of s h e l l ed h a zelnu ts in l a r ge si l os we had to know if 

the nut s a t the bo t t o m wou l d be d amage d by the mec hanical pressure 

caused by the c o l umn of n uts . We al so had to d e al wi t h the problem 

of a large r i n t e r stitial atmosphere in c ommod i ti es othe r than c ereals . 

The results o f this resear c h can be used as a mo de l f o r the 

behav iour o f other h igh fat content s e eds a nd d r i ed f ru its. 

MATERIAL AND ME THO DS 

Thre e var i e ties o f haze l nuts wer~ chosen : t wo Italian ones ( Pi ed ­

montese and Roman) and a Tu rk i sh one Akc akoca) . A s amp l e of each 

vari eties of shelled haz e lnuts was stored under diffe r ent experimen­

tal condi tions as desc ribed i n Tab l e 1. 

The exper imental p r e s ervat i on in ni trogen at mosphere of the three 

v a r i eties o f hazelnuts was car r ied out in cylindrical air-eight labo­

r a to r y mi cros il os in stainles s steel ( useful volume 0 .1 cub iC me t er). 

Th e microsi l o and gas flow are shown schematically in Figure 1. 

The i nte r sti ti a l atmosphere o f the nuts was replaced by a rapid 

p urge ( 100 li t e rs pe r hou r ) from t he top wi t h a v o l ume of nit r ogen 

co rre spo n d ing to t he doub l e of the silo volume. The oxygen - poor 

a tmo s phere was ma i ntained by an automatic system of pressos tats and 
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TABLE 1 


Experimental storage conditions of three varieties of hazelnuts. 


Storage Condition 

Contro l (C) 

Low t e mperature and 
humidity (coo l, a ir) 

Ambient temperatur e~ low 
humidity (amb., air 

High temperature , low 
humidi t y (hot, air) 

Ambient temperatur e , 
nitr og en a tmosphere 
(amb. , N )

2

Amb i e nt t emperature, 
n itrog en atmospher e , 
mecha nica l pre s s ure 
( amb., N 2 ' p) 

Temperature 

- 20°C 

3 - 6 °C 

18 - 25°C 

35°C 

18 - 25°C 

18 - 25°C 

Rei. Humidity 

50 - 60% 

50 - 65% 

30 - 407. 

60 - 70% 

. 

40 - 50% 

% O in- IntGrst.
2 
Atmosphere 

21 

21 

2 1 

21 

max 0.5 

max 1 . 0 
Co> 
01>­
01 
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Fig.l. Cy l indr ical air-tight mi c r osi l o and ga s f l ow s hee t s . F = F l ow­
meter ; GSP = Gas sampl ing po int; PC = Pres sure c ont r o l; SP = Samp ling 
paint; SV = So l eno id va lve. 

N, 

,,
L _____ _ 

Fi g. 2 . Apparatus simu l a ting a s ilo of twenty me t e r s he igh t. B = I ron 
b a r ; F = Fl o wmeter; GSP = Gas samp l ing pOint ; H = Hazelnuts; 
PC = Pressure con t ro l ; SP = Samp ling pOint - SV = Sol e no id val ve . 
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electric valves that bled i n nitrogen wh ene ver t he i nte r nal ove r ­

pressure d r opped u nde r 200 mi llimeters of water ( Shej ba l, 1978). 

The apparatus, simulat i ng a silo of twe nty mete rs height (Fig . 2), 

was a stainless steel t ube with an inte r nal iron b ar which presse d 

the nu t s at the bot tom of the tube at the same me chan ical p r essure as 

at the bo t tom of a big silo. I n this apparatus ( use ful vol ume 4 l i ­

ters) Akca.koca hazel nuts we r e sto r ed. 

All the 10 kg-samples in air were ke pt in c o t t on bags at the v a r i o u s 

experimental temperatures. The lenght of t he sto r a g e trials was t we l ve 

months for t h e Roman and Pie dmon t ese var i eties and n i n e months for 

the Akcakoca var i e t y. Tempe rature and relative humidity we r e rec o r d e d 

continuously and every for tn i gh t analysis of the interstitial atmo ­

sphere c o mposit i on in the mi c rosi los was carried ou t. 

Every three mon t hs samp l es were t a k en from e a c h expe r imental s t or­

age condition and tes t ed f o r Hadorn et al ., 1 9 78): 

Moisture (oven method) 

MOisture (Karl Fischer ) 

Protein (Kj e l d a hl) 

Fat 

Surface fat 

Ash 

Alkalinity of ash 

Gluco s e-

Fructose 

pH of a lC~ s uspension 

Total 3. '~ i d i t J 

Free fatty ac ids i n t he ex tracte d 'oil 

Induc tion period of oil a t 11 0°C 
1% 

UV - d~ff e rent ial gra ph E
232 

Fatty acid d is tribution 

Enzyma tic activ i t y of a g r ound - u p ave r age sample 

En zy mat i c acti v i ty on the c ut surface of individual hazelnuts 

Mic robi o l ogical and myc o l ogical examination 
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Vis u a l assessme nt 

Organoleptic test 

The organo l e p tic pannel test classi f i cat ion should be i nte rpreted 

as follows: 

4 Equal to excellent 

3 Equal to good 

2 Equal to d e teriora ted , bu t acc e pt a ble 

1 Equal to deteriorated , u nacceptabl e 

0 Equal to bad 

Rat i ng 2 is cons i dered as the cr i ti c al po in t underneath which it 

is not possible to use the nuts. 

In a l l the graphes we report the absolute val ues fo und in the samp ­

l e s, taken e v e r y thre e months. 

RE SULTS AND DISCUS::;,ION 

The moisture co nte n t remains nearly c onstant in hazeln u t s stored 

under n it r ogen, while it dec reases in l ow and ambient t e mp erature air 

storage (Fig.3). This is an i mportant fac t f or the activity of the 
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TIM E (MONTHS) 

Fi g. 3 . Mois t ure con t ent o f Pi edmontese haze lnuts dur i ng sto rage unde r 
various conditions . 
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endogenous lipase in fats. The s o l u b il ity of the l ipo ly ti c enzy mes 

is t he fir s t step in the hyd r olization of lipids; there fore a t the 

higher moisture conten ts, t he e nzy me act ivity is higher. Th is is 

obvious from the results o f the analys i s of the fat ac id i t y (ex ­

pressed as percent of o l eic ac id) . 

The fat acidity of the h aze lnu ts preserved under n i t r ogen was 

significantly h igher than of the other samples ( Fig . 4) . The contro l 

af te r twelve months remains al most constant . Th e hazelnuts i n c oo l 

storage chang e d very l i t t l e , f ol lowed by tho se kept a t high t e mp e ra­

ture (bec ause o f t he low h umi d i t y ) and by those in ambi e nt t empe r a ­

tu!'e . 

The same trend was f ound in t h e Pi edmonte s e a nd Akcakoc a nu ts. Yet 

we should roote that the fat acidi t y of the nu t s s tored unde! ni trogen 

with me c hanical pressure w s signif ic an tl y h igher (F i g . 5) , al though 

the moisture content, d ue to r e pe ated purges, was low (3.6% ). I n fact 

technic al d i f fic u l t ies we r e enc ountere d in maintain ing a n oxyge n-poor 

at mo s p he re in this appara t us for a lon g t ime . 
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Fig. 4 . I nc r ease of fa acidity in Roman hazelnuts during sto rage under 
vari ous conditions . 
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Fi g .5. Increase of fa t ac i d ity in Akc akoc a h a zelnuts. 

The fat acid i ty of Roman a nd Pi e dmon tese hazelnu ts never exceeded 

0. 7% which is consi de r e d as the critical point for the industr i a l use 

of the nuts. On the c on t rary the Akc akoca s urpassed this critical 

point. The high val ues of t he fat ac i d ity di d not always c orr espond 

to de ter ioration of qu a l ity. 

Analysis of the in ermediate compounds 0 the perox i dat i on, catal ­

yse d by t he lipoxy genase. was carri ed ou t i n order to detect the 

o xidat i ve de g radat ion of lip i ds . The sp ectrofotomet ri c analysi s of 

e xtracted oi l s howed , by the numbe r s o f conjugated double bonds , the 

amoun t of t he hydroperoxy fat ty a c i ds . These organic acids ( Gal li ard , 

19 75 ) are toxi c t o the seeds a nd are co nvert ed i nto a set of mo re 

st able c ompounds, as aldehydes , with characteristic fl a vou r proper-

t ies. 

The di fferent steps (Yamamoto et al ., 1980 a; Yamamoto et al ., 

1980 b) o f the enzymat i c r eactions that lead to these volati l e com­
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pounds are: lipi d s + lip ase (H 0 ) ~ f a tt y ac i ds ( linoleic aCid) +
2

+ lipoxygenase (° ) ~ hydr o peroxy f a t ty a Cids ~ al dehyde s . In the
2 

oxygen-poor a t mo sphere this li p i d degradat ion pathway is sl owed down 

immediately a f t e r the free ac ids are formed . 

The exti nc tion v a l ues, at 23 2 nm, of t he i sooct ane s olu tion of 

hazelnut oil fro m nuts stored in nitrogen atmo sphere are comparab le 

to those fro m c ool storage ( Fig. 6). Ne ither re v eal e s a ny r e markable 

change. 

The spoi l age is speeded up in the presence of o xygen as wel l as 

at h igh te mp e rature. The trend is t he s a me fo r Roman h aze lnu ts , 

IE1% 
I 

I 
232 

,'H OT, AIR 
I 

I 
0.5 	 I ,I 

I 
I 

I ,I 
0.4 	 I 


I 


I 	 .r ­
I 	 /I ~,((- . 

I <¢" • ./
I0.3 	 I ~~/ 


I ./

I I>-\~ ,I ./ o\"Y 

./ co/, 
I 
I 	 .7 

0.2 	 I / / 

I ./ 


/."';I' :;:..:::::---~ ---

P I E o M o N T ESE0.1 

3 	 6 9 12 

TI ME (M ONTHS) 

Fi g . 5 . I ncrea se of diene - extinction value n Piedmontese hazel nut s 
i n the course of s t orage . 
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The g raph in F i gure 7 r e fer s to t he Akc akoc a h azelnu ts a nd confi~ms 

what said be f o re . There is no difference between t he n it r ogen at mo ­

sphe re a nd cool sto r age . The nu ts unde r mechan i cal p ressure rate 

s li ghtly worse. 

The o r gano lep tic tes ts gi ve a fu rthe r c onfirma tion of the substan­

tial equi vale nce of t he storage unde r n i t rogen as c omp ared t o t he 

t r ad i t i onal me t hod s at low te mp eratu r e. 

Consi der i ng the his t o g ram (F i g . 8) , which refers to t h e o rgano l ep ­

tic tes t of the Pi e dmonte se nuts, it s ee ms t h a t the r esults of the 

various t ype s of s torage do not d iffer , eve n if in air storage at am ­
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Fig.7. Inc r eas e of diene - e x t inction va l ue in Akcakoca hazelnuts. 
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bient temperatu r e the cr i t ic a l value (2 . 00) is re a ched . 

This is due to the excellen t qual i ty of P i e dmonte s e h azelnuts that 

makes the spoilage h a rd ly noticeab le. 

In Roman nu t s ( Fig. 9) the general picture is cleare r. Af te r one 

year of stora ge in nitrogen a tmosphe re the same or sl i gh t l y better 

r a t i ng is reached as in cool sto rage, whi le the nuts s tored in a ir 

at ambie nt temperat u r e are clear l y wo r se. 

The Akcakoca nu ts (Fig. 10) com~lete ly con f i rm th i s trend . 
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Fig.8. Organol ept ic examination of Piedmont ese hazelnuts d uri ng 
storage under various cond iti on s. 
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Fi g .9 . Organoleptic exam i nation of Roman hazel nut s. 
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Fig .10. Orga nole pt ic exami n a t i on of Akc ak oc a hazeln u ts . 

CONC LUSIONS 

All the ob serve d da ta, summari z ed i n Tabl e s 2, 3 and 4, show that 

nitro gen sto rage is bett e r or e qual to coo l s to~age . 

Yet we have to observ e the res u lt s of the sto r age unde~ mechanic al 

p r e ssure more car efu ll y. It se em E that, in some way , mechanical pres­

sure s p ee ds up de teri o rat ion as is clearly shown b y the re s ults of 

the organoleptic tes t s . Yet it shou ld be re memb er that in t hi s 

s imula t ion t e chn i cal troubles wit h t he air tigh tness o f the a pp a ra t u s 

were encoun t ered a nd all the exp e r i me n t s we re carried out at a h i gh 

oxy gen c o n ten t ( about 1%) . The r e f o r e mechanical pressure has p robab ly 

an adverse infl uence on storabi li t y but , du e to the technical p rob ­

lems , i t was not poss ib le t o stab l ish the exa c t impo r tance o f this 

phenomenon. 

Furthermo r e it c an be sa i d t hat storability of the three va r i et ­

ies o f haz e l nu ts , i n this exper i ment , dec reas es i l! the orde r: Pied ­

montes e - Ro ma n - Akc a koc a . Howeve r it shou l d not be ove r l ooked that 

the Roman a n d Pie d mon tese hazelnuts If 'ere super i or i n q uali ty and were 

sto red immediate ly afte~ t he harvest . On t h e contrary the Akcakoca 

nu t s had bee n s h i p e d from Turkey and we r'e kept fo r a l ong time at cus ­

toms . So t h e de t e ri o r a i on pro c e ss h a d a l r e ady st ar ted at the begin­

n ing o f o ur storage . Th is con tr'i u t d to the wo r se resu ts with the 

Akcakoc a variety . 
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TABLE 2 

Composition and characteristic values of ~ieamontese hazelnuts at the beginni ng 
and the end of storage. 

Time (months) 

0 

Analyses 

12 

storage cor-dition 

cool alr amb. air amb. N 
2 

Moisture by drying-oven method (%) 4.6 4 . 2 3. 7 4.8 

Prote i n , N x 5.3, (%) 12.4 12.7 12.7 12 .2 

Fat (%) 68.7 68.7 68.5 68 :5 

Surfac e fat (%) 2.1 0.3 0.6 

Ash (%) 2.0 2.2 2.1 2.2 

Glucose, enzymatic (%) 0.03 0 .01 0. 02 0 . 03 

Fruc tose, enzymat ic (%) 0.03 0.01 0.07 0.03 

Sucrose, enzymatic (%) 4.0 4.2 4.3 4.2 

pH - value of 10% suspension 6.7 6.7 6.7 6.4 

ffa (% oleic acid) 0.2 0.2 0.4 0.4 

Inducti_L,n p,~riod of O J .l at 
110°C (hr) 13 .50 12.50 12.75 12.50 

uv - differential graph E 
1% 

0. 15 0. 26 0.40 0 . 33 
23 2 

Fat ty acid di s tri bution (%) 


(total = 100%) C 6 .0 5.5 5 . 5 5.5 

1 6 

C 2.5 2.2 2.3 2.4 
18 

C 82.0 84 .1 8 3 .9 84 .3 
18 : 1 ­

7.3C 8. 8 7.7 7. 
18 :2 

Organo lepti c test 3. 50 2. 50 2.00 2. 25 
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TABLE 3 

Composition and character istic val ues at th beginning and t he nd of storage 
of Roman hazelnuts . 

Ti me (months) 

Analyses a 12 

stor age conditi on 

cool ai r runb. air amb.N
2 

Moi sture by drying-oven method (%) 4 .8 4. 5 3.9 5.3 

Pro t ein, N x 5.3, (%) 12 .7 12 . 9 12.9 12. 5 

Fat (%) 65.6 65.6 65.9 65. 6 

Surf ace fat (%) 6.8 1.2 3 . 6 2.7 

Ash (%) 2.3 2.3 2.3 2 . 3 

Glucose, enzymatic (%) 0.03 0.02 0 .01 0. 04 

0 . 04 Fructose, enzymatic (% ) 0.0 ::: 0. 02 0. 0 4 

4.9 4 .9Sucrose, enzymatic (%) 4.7 4 .3 

6'.36.5pH - value of 10% suspensio n 0.6 6.5 

0.4 0.6ffa (% oleic acid) 0.1 0.2 

Induction period of oil a t 10.5 9.5 9.5 8.5 

110 0 C (hr ) 

0 .24uv - differential graph E
1% 

0.26 0 .33 0 .43 
23 2 

,. 
Fa' ty ac i d distribution (%l 
( total = 100%) C 5 .4 5.0 5.0 5. 1 

16 

C 2 .2 1.9 2.0 1.9 
18 

81.0C 79.1 ~.. ~ .4 81. 4 
18:1 

11.1 11. 6C 12.5 11.2
18 :2 

1. 25 2.2 5Organo l eptic tes t 4.00 2.00 
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TABLE 4 

Compositi on and char acteristic value s at t he beginning and the end of s torage of 
Akcakoca hazelnuts. 

Time (months) 

Analyse s a 9 

stor age condi !:i on 

cool al.r amb .air amb.N
2 

amb .N P 
2 

Moisture by drying-over method (%J 4.0 4.6 3.2 4.3 3 .6 

Protei n, N x 5.3, (%) 14. 2 13.9 14.3 14.2 13 . 9 

Fat (%) 68. 5 67.4 67 . 5 67.6 67 . 2 

Surface f at (%) 1. 2 3.4 1.2 0.9 1. 1 

Ash (% ) 2.0 2. 1 1.9 l.9 1.9 

Gl ucose, enzymatic (%) 0.02 0 .04 0.03 0. 03 0 . 02 

Fructose, enzymatic (%) 0.02 0. 06 0.03 0.03 0.02 

Sucrose, enzymatic (%) 3.3 3.6 3. 9 3.6 3 .7 

pH - 'value of 10% s uspe nsion 6.5 6.2 6.1 6.1 6.1 

ffa (% o l eic aci d) 0. 4 0.5 0 .8 0.9 1.0 

I nducti on pe riod of oil at 

110°C (hr) 11 .75 8. 25 9.75 9. 25 9.2 5 

1% 
uv - d iffer ential graph 0. 22 0. 40 0.50 0.39 0.41

232 

Fatty acid di st r i buti on (%) 


(to tal = 100%) C 4.9 4 . 4 4.4 4 .5 4.4

16 

C 2.2 1.9 1. 9 1.9 1.8 
18 

C 82 .3 84.3 84.2 84.2 84. 0
18:1 

C 10 .0 9.0 9.1 9.0 9.4 
18 :2 

Or ganoleptic te s t 3.50 1. 75 0.00 2 .25 0.25 
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