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Project No. BO-H4 
(Continuation of Project No. 79-H3) 

Coope ra tor: 
University of California 
Department of Pomology 
1045 \·lickson Hall 
Davis, california 95616 

Project Leader: Dr. John M. Labavitch 

Personnel: Henry L. Rae, James Thompson, Joe Connell 

Project: Navel Orangeworm Research 

Phone (916) .752-0920 

Almond Quality Research - Harvest & Postharvest 

Objectives: To expand testing of the "early harvest" approach to plots located 
throughout the almond growing regions of California. 

Progress: Studies in 1979 suggested that substantial benef1ts could be had if growers 
harvested almonds two to three weeks earlier than the time when they are dry on 
the trees. These studies will be expanded to various locations in order to determine 
if the "early harvest" concept can be used statewide. 

In 1979 an effort to obtain nut drying using ambient forced air was made. Although 
drying occurred, there were difficulties with mold growth. This year's work is 
aimed at eliminating this problem. 

Pl ans: (l) To compare "on ground" drying of nuts in "shady" versus "sunny" orchards 
and correlate with climatic conditions; (2) to develop a useful "harvest index" 
for growers; (3) to evaluate quality of early harvested almonds; (4) to test, on 
a conmercial scale, "hull ability" of early harvested almonds; (5) to set up ambient 
air drying tests for almonds and evaluate techniques. 

Almond Industry Participation $7,350 
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Almond Early Harvest 

Data collected in Fresno County dur:ing the summer of 1979 indicated 
th?t a thorough harvest (almost complete nut removal) could be made 2-3 
weeks before nuts are dry on the tree~ Tests indicated that early­
harvested almonds are as large as those harvested later and could be 
hulled cleanly. An extensive taste panel study Hhich tested. roasted 
kernels indicated lhat there were no substantial detectnble differences 
between early-harvested and more mature kernels. 

During t.he summer of 1980 eaTly harvest triaJs were run in four 
locations (Wasco, Fresno, Livingston, and Dayton). Effects of tree age 
on nut maturity and case of harvest were examined by comparing harvests 
in young and old blocks at the \..rasco and Dayt.on locations. 

As for 1979, in Fresno County, nut removal at 100% hull-split was 
as good as for harvests two ~.,eeks later. Hmvever, 100/~ hull-split did. 
not mark the tim.e of the best nut removal in the other locations. In 
most cases the best nut removal did not occur until nuts \vere quite dry 
on the tree. Nevertheless, because insect damage "increased steadily 
during the last few \"!ecks nuts \Olere on the tree (see the rPM report) an 
early harvest might be economically advantageous even though complete 
nut removal is not accomplished. In elll locations, once 100% hull split 
was reached nuts on the ground dried within t,.,o ,veeks. 

Younger blocks in ,..rasco and Dayton matured about one \oleek Inter 
than older blocks. ,As a result on a given day the nut removal \Vas less 
good in the younger block. If this is taken into account it should 
sti~l be possible to harvest young trees early. 

Tests plann8d for the 1981 s(:'ason will seek to define culture 
practices \\Thi.ch promote nut removal for early harvest. 

John H. Labavitch 
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Early Harvest Trials - 1980 

1. Objectives 

Data obtained in Fresno County in 1979 suggested that almonds 
could be harvested 2-3 weeks before they were dry on the tree ("normal 
harvest") without undue difficulty or cost to the grower. Specifically, 
mechanical shaking at the time the least mature nuts on the tree had 
split (100% hull split) resulted in nut removal as complete as that 
obtained when shaking was delayed 2-3 weeks. Nuts harvested early could 
be dried on the, orchard floor for 10-14 days and then hulled readily. 
Kernels from these nuts were as large as those from later harvested nuts. 

The ~bjective in 1980 was to repeat the 1979 trials at sites located 
throughout California's almond growing area in order to determine if 
"early" harvesting of almonds could be a general practice. Because we 
perceived that efficient hulling of ground-dried, early-harvested nuts 
could limit the usefulness of the early harvest concept we carried out 
tests of the commercial scale hulling of these nuts. 

2. Interpretive Summary 

This years' results provide a less clear picture than did those o~ 
1979. Nuts (hulls and kernels) dry well on the ground in 2 weeks 
whether the orchard, canopy is open or closed. In all locations early-harvested 
kernels were as large as those harvested later. However, 100% hull split 
was not ahlaYs a useful indicator ,of the best time to shake for maximum 
nut removal (see Results). Nevertheless, the data'provided by portions 
of the IPM study carried out in parallel with our trials indicate that 
early nut removal is important in orchards where insect infestation is 
substantial. This is true in spite of the decreased harvest volume. 
(Of course, later removal of nuts not shaken from the tree would be an 
important part of the early harvest approach.) 

3. Experimental Procedures 

Harvest trials were carried out in Dayton, Fresno, Livingston and 
Wasco. From 7 to 10 pairs of trees were shaken at weekly intervals, 
'beginning at 95-100% hull split. In each case irrigation was stopped 
at least 10 days before the first harvest. Harvest efficiency was 
calculated from counts of nuts on the ground and remaining in the trees: 
Samples of harvested nuts were taken for analysis of moisture content 
and insect damage (IPM). 

Farm advisors Mario Viveros (Kern County) and Joe Connell (Fresno 
County) coordinated efforts to test commercial scale hulling of early­
harvested almonds. Nuts were harvested weekly, allowed to dry on the 
ground, and hulled. Hulled samples were then graded in order to determine 
what effect the early-harvest would have on grower return. 

~ ~~N~ ! J~81~ W 
ALtViOND BOARD 



( 

( 

( 

- 2 -

An attempt to determine the usefulness of forced ambient air for 
almond drying was carried out in Chowchilla with the cooperation of 
Lou Morton, according to plans worked out by Jim Thompson and Jerry Knutson 
(UC Davis Agricultural Engineering Extension). Trees were harvested 
and nuts were allowed to dry on the ground to a hull moisture of 20-25% 
(so as to reduce the danger of mold growth). A portion of these nuts 
was then swept up and loaded into a bin (apx. 5 ft. by 10 ft.) to a 
depth of 8 feet,. Unheated air was then blown through (35 cfm) the stack 
of almonds from the bottom. At intervals, samples were removed from 
the top of the stack and from depths of 2, 4 and 6 feet. These samples, 
as well ~s samples from the harvested nuts that were left in the field, 
were analyzed for moisture content. Nuts from the bin were subsequently 
hulled. 

4. Results 

Harvest trials: Kernel size (as judged by dry weight) was not affected 
by time of harvest. Kernel dry weight was approximately 1.6 grams at 
the Livingston and Dayton locations and 10-15% smaller at Wasco. Data 
from Fresno are not available. 

As for 1979, nut removal in Fresno at 100% hull split was excellent 
(96%) and essentially complete (>99%) one week later. However, there 
was considerable variation from this pattern at the other locations 
(Table 1). Nut removal increased ~teadily throughout the test period. 
The increase was most clear at Livingston where nut removal increased 
from 55 to 95% over the 3 week test period. The relationship of tree 
age to nut maturation was clearly in evidence. Nut removal at the 
younger plots in Dayton and Wasco lagged behind that of the older plots 
at the same locations. 

In all locations the drying : of nuts on the ground proceeded 
rapidly. Nuts were generally at a moisture suitable for hulling within 
two weeks (Table 2). The earliest harvested nuts dried a bit more slowly 
than those harvested later. This was undoubtedly because they were not 
as fully open. 

Hulling tests: Tests of the hulling of early-harvested nuts 
indicated only slight differences between nuts harvested one week 
apart (Tejon) and two weeks apart (Fresno). Foreign matter (stick tights 
and hulls that curled up and could not be removed by an air leg) was 
higher in the early samples. These amples also tended to contain 
more chipped and broken kernels. In Fresno this would have led to a 
l¢/lb. lower return on the earlier sample. However, as shown in the 
results from Tejon, the increased incidence of rejects in the nuts 
harvested later would probably have meant a better return with the 
early harvest. 
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Air drying: Nuts in the bin through which air was forced dried 
to a hull moisture of 10-12% and kernel moisture of less than 5% within 
3 days. If the fan was allowed to run through the night the nuts picked 
up moisture from the more humid night air~ Hulling of these nuts at 
the Chowchilla site was excellent. However, ground drying of nuts 
harvested at the same time was as rapid as for nuts dried in the bin. 

5. Discussion 

The results of this years' work indicate that the main impediment 
to an efficient, cost-effective early harvest is the timing of tree 
shaking •. The time of 100% hull split was not necessarily the best 
time to shake. Unfortunately, a number of variables from site to site 
could have affected our ability judge the value of using hull split 
as an early harvest index. Among these variables are soil type, 
scheduling of water and nitrogen applications, the length of the main 
trunk and other tree-training characteristics, shaker type and operation, 
and climate. We recommend that a single-site study, which would eliminate 
a number of variables, be carried out to determine the effect of timing 
of water and nitrogen applications on nut maturation. These results 
could then .be put to use in tests state-wide. 

It is clear that kernel sizing, drying of grounded nuts, and 
hulling should not be serious problems for early harvest operations. 
Nevertheless, the possibility of p~oblems'does exi~t. Nuts wetted by 
rain are subject to mold growth--nuts in the tree dry more rapidly 
than those on the ground. Ants and ground squirrels must be controlled. 
It is clear that these animals can take a heavy toll when nuts are on 
the ground for a few weeks. Finally, because more nuts will be left 
in the tree, care must be taken to remove mummies during the post 
harvest period. 

While forced air drying of almonds may have a value under certain 
circumstances it probably would not be generally useful. Nuts on 
the ground dried as rapidly as those in bins and the additional handling 
required to move quantities of nuts into bins and the energy cost to 
operate the fan would add expense to the drying operation. 

6. Publications 

Joe Connell and I are currently putting together an article to 
describe this work. No publications, other than annual reports, describe 
the results of our studies. 
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Table l. Nut removal. Data given are average figures for 7-10 adj acent 

pairs of Non-pareil trees. The figures are the percent of nuts on the 

ground based on counts of nuts on the ground and remaining in the tree. 

Location l-leek 1 Week 2 Week 3 Week 4 Week 5 

Dayton-old 92.4 96.4 98.1 97.5 

Dayton-young 79.5 86.8 94.0 94.3 

Wasco-old 89.1 92.5 93.8 95.8 94.4 

Wasco-young 85.8 91.4 92.0 94.2 96.0 

Fresno 95.9 99.1 99.4 

Livingston 55.4 74.7 86.5 95.5 

a. The first harvest in Dayton was on August 14, in Wasco on August 12, 
in Livingston on August 11 and in Fresno on August 5. Harvests were 
at weekly intervals. ..: 

b. The old orchard at Dayton was an ll-year-old planting; the young was 
6 years old. 

c. The old orchard at Wasco was a l4-year-old planting; the young was 
7 years old. 
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Table 2. Hull and kernel moisture contents at harvest and after various 

( 
periods of drying on the orchard floor. 

Moisture Content (% fresh wt.) 

One Week Two t.]eeks 
At Harvest Post-harvest Post-harvest 

Location Harvest Hull Kernel Hull Kernel Hull Kernel 

Dayton-old 8/14 75 30 20 8 11 4 
8/21 65 20 9 3 8 2 
8/28 30 9 . 7 2 
9/4 9 3 

Dayton-young 8/14 79 33 35 15 9 4 
8/21 80 30 14 6 9 3 
8/28 71 22 11 3 10 3 
9/4 40 12 11 3 

Wasco-old 8/12 52 22 11 3 8 3 
8/19 40 12 8 2 
8/26 21 4 7 2 
9/2 9 3 

Wasco-young 8/12 75 28 17 7 10 4 
8/19 66 23 19 6 8 2 

( 
8/26 54 16 6 5 7 2 
9/2 30 8 10 3 7 4 

Fresno 8/5 73 36 10 5 8 3 
8/12 68 29 10 4 6 2 
8/19 47 19 7 3 

Livingston 8/11 74 32 67 24 10 5 
8/18 69 26 .20 7 10 3 
8/25 52 16 14 4 5 4 
9/2 15 5 15 5 
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Appendix 

At the time of the 1979 Annual Report the results of the taste 
panel evaluating consumer acceptability of early-harvested almonds 
was not available. The report of the panel, which was directed by 
Christi Heintz, is attached. In brief, there are few taste differences 
between roasted samples of early- and late-harvested Non-pareil almonds. 
In fact, if there is any difference, it is that early-harvested nuts 
are slightly more palatable. 
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July 28, 1980 

TO: Dr. John Labavitch 

FROH: Christi Heintz 

SUBJECT: :\ Report on the Sensory Evaluo.tion of Almonds Harvested 
During the 1979 Season 

I. IlfllRO])UCrroH 

1 

The major objective of this project \-!2.8 to determine the effect of 
hayvcst time on the texture and. flavor of almcnds. The stuc!.y actu.J.lly 
included three tests: 

Test I. Effect of '!leek of normal harv8s t - differences bet'. :een nuts 
.harvested August 21 anc, Augus t 2;3 

Test II. Effect of time before gatt-l .. :ril1G" nuts of each r:o.rv·:)st 

Test III. Effect of time of harv,r-st - a' stud.~! of )nnatu:'..'c to ovcr!,i; .~ tur.::; 
nuts (nuts ' harvested '.!8okly from July 17 to S3pte:-::ber 11). 

II . l·1t~T;:;RIALS MID HETIIODS 

A. !l.1EOND PROCESSING l\KD S'l'ORAGE 

AlmonG.s ',Tere harves ted durine the surnmcr of 1979, pacl:agecl. in airti';llt 
.he2,t-sealable pouches. and stored. at 340 F. in controlled atmoSl)hcre 
rooms at the Department of l'omology, ucn. In an effort to I;rovid.e the 
taste panel Hi th alnonds more closel~T related to J,l:J.rkctable nut:;, the 
almonds '.,:ere roasted. January 18 and 19, at the California Almond Gro'ders 
Exchange uncler the supervision of Hr. Gary Gray. A pilot-scale technif1.ue 
for "medium-roast" nuts \-ms used. uhic;l employed a SCo.TS Cookcr-?ryer 
heated to 3100 F. to roast nuts for 4-5 r!linutcs. Futs Here ro;:-~ : ; ·ceci. in 
enouGh al:~ond oil to cover the nuts ancl Here. G.ricd at roo;n tcr::pera ture 
overniGht on paper to· .. .'els. Huts \'!8nt into coLi storace a,~ain until 
tl-IO hours l)rior to panel tastinG_ 
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The almond tas te panel comr:ence'-" ,j o.nuary 23, 19:::'0 ';!i tll ten ciays of 
traininc incluclin?,' tri<1:1gJe te::;ts, paired cor:::p8.:::'ison, c.mcl l~ 8::;C:..~i·:tive 

analysis trainil1J'. s::'he t:1ste1:3.nel membc~'s COl1s ':" s"teu. of volw1"Gcer 
c-racJ.ua te stUclOl'lt$ and st8.ff of tbe PO::1010L,'/ and. }'1<1n-;; Gro';!th DCyartmen-cs 
of UeD. After several days of traininG', <:L facetinc of all :<>ancl members 
'.-/2.S held to discuss appropri,.te textur~ and flavor terEls. For the alr::onc .. s 
of this stuc~y, processed b:r tl~e methods civen above, the pan(-)l'i'clt t] 'e 
most il7lportant sensory ch3.ractori3tics and. their (;cfini tions '::21:e: 

For tezture-

firr:mess: force rc(~uired to penctr:.::.te nuts ':lith the ;ilol2..r teeth 
. bri ttlcness: characterized o~,' nuts sh<1tterinc ee.::;ily ;:mc~ 'eXI)locling' 

"/hen bre<:LlcinG' apart 
holl',)\mess: the presence of airy pockets in the center of t<;e nut 

such that the nut is not soli6 

For. flavor-

roa;:;tecl: a ccoked flavor oftc~1 u,ssocic.tcc: '.iith cxpo:::;in;~ sub;Jt<:L~1c·JS 

to a heat SOlU'ce. 11. 'burnt' flo.vor Hould be an ext~eme 
roasted condition 

s·.-iet';t: the sensation typifieo. by the t~c..ste of sucrose 
oily: a slick, creasy taste 
bitter: the taste c]:8,ract:.-.rizcd by caffeine or quinine solution:-:, 

pe:':'ce ived. ;.'rir;:<:1rily at ~the bo.ck of tllC toneue 
rancid: a rank taste c11ar<1ctcrizccJ. by old or oxicli~e':; oil. 

S02e comr.ients brOUGht up by panel ;;Jcr.1tcrs <:1t the c'~iGcussion of 
tcxi1.u'e <:LnG. flavor descriptors '.:lere: 1) flavor attributc8 ' ... 'e~~e not 2.::;. 

d.istinf.;'uisi1able 2.S te::ctuTe charactc:ristics, Ilossibly due to the roastinc 
procedure being too sev'ere, 2) thorOUGh rr:astication is neccGsar:/ ~~,::; flc:..vor 
attributes ar0 not initiall~r apparent, and 3) ':;embf;rs felt aftertaste 
and/or c:ura tion of flavor ':!ere importa..'1t but could. r..ot aLree on ter:.~s 
for evaluation of aftcrt,:-:::>i;e .... rhicl, die:. not invo1\f 2 };e~:.onic COl1..'1ot2:'v:'O~S. 

Three nuts 'Per s2"mple ',:cre riven to eac~: jU\iEc ",itll a r:,axir.r(lill per 
G.ay of four tri'angle test Gets or nine (~.iff8rcnt sar.~plcs for c',e;;criptive 
analysis. :lIuts Here gj.ven in random order ~.ncl· co(;ed \·.'i tll a th:;:cG' (:'iCit 
random m:.mber ane, presentec!. under reel' liGhts, the re(). lie;htin;; maskinG 
a~ly color differences beb/een nut::;. Ju:':.CeG ',\'ore a::;keeJ. to e):::'')E:;ctor2.te 
samples after evaluation ancl to rinse bct'.:cen sar-ples. 

For simple difference testinG, 2.. trim1,f;le te3t ':i8.S UGe,', '!li~ere each 
juC:.ge \·12.S civen three to four sets of tl::ree r:a!'.ples 8.110. tol c~ t~lat tuo 
of tho sa;:;ples in each, set\;ere thG sai18 \'lhi10 one ',·f<. .... ::; cJ.iff:;rcnt o.ml 
to choo:::;c the odd S2:.1111e in each set (Appendix 1). I~ e:cscript:'.ve testin.::;, 
the' ju.:i.gcs "·8:::.'e asked to rZl.te eacb so:.~:ple for firi::nesG, bri.ttlencs:::;, 
l10110lJ11CG3, r02.stec1. flavor, :::;':ieet~leG:::;, oiliness, bitte:r"c:::::::;, c,ne. rc:.r;.cic1 i ty 
usinG an uns'~ructurod 10 cm. horizontal line a!lc~:o~.Ccl <:l.t either enct t~r 

"none ll or lIeztreQe ll intcnji ty of a charactoristic (:\ppelY~i:z: 2). 
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III. lli.<;SlJLTS lIlTD :;:"ISCUSSIOH 

'l'~ST I. ~-;;ffcct of ';ieek of Nornal H:J.:o:"Vest 

To test "'Thether ahlon(s harvested on AW~'Uf;t 21 difforeG. fronnuts 
harvested on Au::;ust 20, a triangle tc~t 'lias used. FOurt8C:l ,jl;d,~:.'es ':icrc 
prescnbc1 "'li th four trianGle test sets each for 8. total of 56 ju(~g'eJ71cnts. 
THenty-tHo set;:; · .. ;ore cor~cctly ju:.:Cec1, not en01),[;,l! to mQj~c tho t':l0 
harvest clP, taG si.C'nificantl~r different. 

Further, nuts l;D.rvested by pickin;.)' c1irectl:r off the tree .;erc 
compared in a trj.apgle test to nuts sLaken .fror,l the tr'2C and pic::ecl 
up off Jche groumi. thCtt same (:a:y. ~3ixteen .jU(l.Gcs ',;ere c;iven fOUl' trian,:;-lc 
test sets each .for a. total of 60 jUC.(;,(;[;lcnts. Tl:e nuts cUd not cliffer 
as only sixteen sets \Jcre correctly judced. 

'illS'] II. Effect of Time Jlc:fore Gatherint; :TutG of Bach ,Harvest 

Differences in texture ancl flavor c;:Ct~:act"ri::;tics ' .. :ere shlc~ied for 
almonds shaken frO:ll the tree on a rarticulc.r date and tllEm left to c.r:; 
on the ,sTounG. until gathered one, 't':[O, and someti.r.les tnree ·.!cel::s later. 
'IT'nis te::.:t actuall:,! consiste( of eicht smallcrr;:·:pcriment::.:, one for each 
o.ay a tree \-Tas Sl-caken (ha:l"'veotccl). A tree '::2..s shai;:en eaC!1 ::: cel~, so 
comp2.riGons '::er,~ r:lar.~e bet'dcen ti-ce nntp l:)ft on the (::rOUl1(~ 8.11(1. :~;at>'8rcd 

later at d.ifferent intervals ',,;ith the' nuts G'G.therec. the (~ay the tree \':ClS 

shaken. The alI:lOncls t."atl"erc(~ the (:ay of the harvest \-Jere [::iV01', a8 '0.. 

l1 reference" to e.::.c11 jur.:~~e. For e2.c11 texture am: flavor c::'<J.:r:2.cL~ri3tic, 

then, the Lorizontal lines on t~e sco:cc' sheet c'lOre labeled 2.t t:,8 centcr 
,·;ith an 'P..' such th8,t other nuts could be scored. relc?tiv8 to ti1is 
reference (Appendix 3). .. 

Data were comro..rec: usin~ AJlalysi's of Variance and rt";sults of the 
eight \':e81-:8 of the tc~:t are, 'Si ven in Table 1. ':l11en the im;:lec1iatel~' 
gathered aln:oncl.s Here scored., it \'loule!. De cxpectec: they \·;oulG. 1'cccive a 
score of 5.0 correspon~lin5 to the mic:.cUe of the scale Ol' tl:.e SD.me 

intcnsi ty 8..8 the referchce, as they were' al:non~~.s of the sai'J.e ·lot. 
In rno~~t cases, it ;·!2.S foun(~ the immec:.iatcly harve3ted nuts c',icl raceive 
scores near 5.0. 

For the first ',:eel-:: of harve~.Jt, Jul~r 17, thBrc ".'as insufficient 
quanti ty to inclurJ.e im.!leci.iately gatberecl nuts in tllO analysis. ;Umond.s 
laying on the GTOUl1d one, h'o, 2.nd t:lrce \!Teel~s did net c1i.;'fer in oiliness, 
bi ttcrness, or ral1ci(~i ty. 1\.lnon~8 on the groun,l one and t',iO "lecks dici. 
not <liffer in firrrmcs::;, brj.ttleness, 110110un8:::3, or roa.T~ed. flavor. 
Almcnd.s left on the cround tl~ree "~reeks 'dcre sicni.fic2.l'ltl;y more .fir:n. 

Almonc~s i'caI"restcd on Jul;)r 2<,. did. Dot o.iffer in sYJeetncs8, oiJ.ines'3, 
biJ..;terness, or rancicl.it~c. j':'o difference \'::.'.8 seell in firrr:llCSr:3 or brittlen.c:ss 
of nuts left on the gcound ono or tHO '.·;08ks. :J.!uts catl1creci. i;:1.i'U,:::< iatcl:: ~!C:c'C:; 
less firm a.'1d more brittle than nuts :tal've::;tc(~ but left l2rinr; cn t!:!e grD1):-ll~ .• 

For the thir(; '.'ieek of ;,arvest, July 31, nuts i:;;.~t;,erec', in.lcc~i::.t2ly ~~11(1 

nuts left on the grounli. one or bolO '.Jecks clid not c:iffcr in 'oiliness or 
rancid.i t;;.'. Further, nuts left on the Croun:l one and t':lO He'.?];:S ('.ifferer.:. 
in none of ti:c sensory characteristics. iluts Gathered irnra8di8.t f.cly ':!'2re 
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Dore bri -ttle, mO:c:'8 ':0110'.';, and norc ' ..... ::~t ti.-:an nut:: left on t;:~e Ground.. 
:Nuts h8,rver:;ieel :l.Uc,"U.st 7 clid· :10';; -. ffer it: s~·:ectnC:i3s, bj;t;to~~r!8.ss, or 

rancidi ty. Almon6 s ir:ffi1e·_~ iatp.ly G8.t>: ::od \·.'ere nore hollo\·[ th:l11 other nutG 
but clicl not ci.iff8r frem n.lmonds le:;:"t on t.~e [;TOllld one ':.',)ex in i'ir:-::noGs 
or bitterness. .Almonds lying on the ." ;round one and two '.:eeks were also 
no different in firmness, bri ttlenes3, ~101lo'.mc:Gs, or oilin -,38. 

Almonds harvested. l'..UCUSt 14 and cathersd immel~iato:.y \LrC le::;3 firm, • 
bi tter, and rancid <1ncl mo:re .r-~ollo'\,! them nuts left on ths cround. l'llmonds 
left on the grouno. one an6. b-;o \';ee1-::::; ':,orc not (~ifferc:1t in ar.x of the? 
S :n~;ory characteri3tics. 

ConsiderinG the ':reeks of nOrfilCtl na:cvc3t, August 21 <.-mel 28, almonCis 
diD. not clLf'fer in firmnr::s3, britt~cnecs, holloHn(;3s (AucuGt2'1 only), 
sHeetness, oilincss, or bitterness. Further, nuts ,::;athercc;. cne and -c'::o 
,·reeks after l,arv(::!s ·" on Au:;ust 28 ciia. l10t c:.iffer in rancid.i ty. Almonc:s 
C2,thorcc~ immoc:i8.toly upon hC'l.:!:'v·-!st Her2 si ~·nifico.ntly more rancid Lu[:u,,~t 

21 and si.:;nificantl;y less rancid August 28 tLan nuts left on the r:;round.. 
For the i:Cel: of the lo.st hD,rvC3t, SCI;tembcr 4, onl;;r thos(,; nuts J.oft 

on the GTounCl. one ':iCck ;'lere comp'!:L' c.l~. \-lith th')se gatr,erco. irnnecii3te1y a.n.t 
no significant diffo:cences 'der€: found. 

Li ttle discussion has been given' so far to' tile ,_ifferel'lces in 
roast8d fle,vor. J\S can be G(~en frOEl TQlllc 1, cliffcrenC0s ,'.'orc almo:::;t 
CJ..l':!ays found in C:.c::cree of roaste(~ flavor, cSJ)(~(;:i;ally ifhen COElI)C;.ring 
in,neC:.i2.tely go.therec~ llutS to those; left on the [,TOUl1c1. one <:',nd tHO \-loeb;. 
R~tinIT tj:le intel1si t~r of r02vstC(~. f18~vor ','!8.3 rJOl'C~ of D.. ells'c)C or.!. tIle si~1i12,.ri t~l 

of the roo.sting tre':.tmcnts Diven to c'ach 10'(; of ::uts. DiffcreEces 
found miGht be due to the effect of the roc'.stinr.:; }'Jroceciurc) on tLc phys5.o10Qt 
of the nut· ·.,;h::'ch is likcl~T to c}lal1Cc .. ,rith tiD? left on the CTOllld.~ but 
is due proba.bl~" to 18.C': of control in pilot-scale roo.:::;tin,:::: com~iticns. 

The effect of til;),,? before Gatl1erinG Yluts of (;2.ch l~H:rv : : s s·:;c:':led norc; to 
infJ.uence textural rather than flavor c i'lar2,ctcristicG; o,s c'ric~encod. b~!-

the relatively fe',·.rer occasions text'urc terr:s \,!erc nonsi[;,r.ificani; '.lhen 
corrrpared. to flavor terr!ls. 

Nuts barvested and G2..tllered immecJ.ia tely · . .'ere: ccnerall;y less firr., 
bi tter, and rancid and n'.or8 bri i;tle, hollOl", and. SHeet t han nuts left 
on the Ground. Almol1C!'s lc~t on the ,z:t'OlllC1. one or h!o H8Gl:s differ("cl in 
ftH". of the s8nsory d:aractcristi.cs. It H011.1<1 S88i;l' r,uts ::;11ou10. 1)8 gat~;ercd. 

immecJ.ic:~tely 2nd not l:.ft on the ,7-0und as thoy have mo:::'e c;.esireable sensory 
characteristics (more S1:lC8t, less bi {tor and rancid). Yet, imm:<ia tely 
harv·~sted nuts ho.vc: a hi§)ler J:loisture content (are less firm) an;j consGqucnt:!..~r 
become hollO\·[ in -the center upon roastinG ~!.ue to the f.1oir.;tUl'c \'aporizing 
"!i tIl increased. tenperatures. Due to a builcl-up of stearn in the center 
of the nuts, T.1an~i of these hir;h moi~tur2 nut::; IIpOppC(~1I s.imilar to 
pOl)corn c:urinG the roastinr,S 1;roces8. Tb(;rcforc, tLe nechonics of dryir.r; 
the immoc:iatcly ha:r:vcsted. almonds uithout Qevelovment of these; air pockets 
shoulc. l)e studied. 

])if fc:::'er.ces bC'b-;een almonds '.-:herl corap<c!:in,Z' tir,'!c Gat: Jerod fo_'. each 
harvest decreased. tCH2.nl the end of til€: ha:::,v2st S8aSOI1.. Up until AUC"l.lst 1/~, 
nuts of the some l-.a:cv:;st but g;:>..t!·Jer2(l at diffcre:lt tim~.)s '.:er~: (.~.ifforerlt in 
relo.tivel;:,- iOlorc ser.sory ch:::.ractcristics thnn nuts hD.1."Vest2d AUf:,,,.l:: t 1~ or late::'. 
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TL~ST III. ~L'ect of Time of IIa.rvcs·'J 

For th.e purpQ[;e of this stuc;.y, it '.ias ost<..1.blishcc: tl-,J.t no:r:-:-nal 
harvest of alrnon:,s oocurs around. AU[:,llst 21 or !1.U{,,'Ust 28 ~nd -tria:-:Gle 
tests shm·ie0. nuts harvcsted and c,·there;i· on those (C!.tes cliel not a.iffor. 
',','e then specifically tested by trians-le tests m~ts haX'Ycsted July 31 
and August 7 an~: left on the f;round one ~mcl. 'hiO "'!ocd(s 'Ji th tho<::c nuts 
of. the no:r.mal harvest. It Has founei . that 1.1m:.er all fOl.1.T con(j.tion3 
(harvest Jl.'ly 31 - i-1U~S [,'3.th8red AU;-Ilst G am~ kU[,1.1st 14; h:-3..rve::.;t 
A1lt,.'mst 7 - nuts gat:ler'3d AUGust 14 anc. .!\.ugust 21), '.IDen comp::,.}~e6. to ru;.ts 
hC!.Tvestco. at the Eor-mal tihle, the aL.ol1(;s dic:L not cliff~:r ( n = 36, 36, 
36, and 48, respeotively). 

:Cescriptive an~J.lysis Hi tIl no ccnter-~;oint reference i·i"cS used to 
comp8.re 'nuts harve:3ted 11eolely from JuJ.y 17 throuch September 11 (ane:. 
8'2.thered irmnediately). Data \-lere compo.rolL using Ana1~'si~; of Va}7i:-1.Ylce 
and i.l.re summarized in Table 2. Hote ina t tLe ':ieel~ of July 17 ',las not 
included due to a short<. ... ce of sar.lple. Also, AUGUf;-\:; 28 is not T;lentionec1. 
as it 'lIaS fmmel no tdfferenc8 existed b~. h:Gen the ;mcust . 21 and. Augu!'.>t 
28 harvest ti.ates. 

Almonds differed in rOCl.sted flavor but this is, a:~'ain, probabl~­

due to roo.sting pJ:'occ.clure rather than the nuts themselvGs • . 
Almonds harvested at different ~eeks clid not ~iff8r in oiliness. 

Further, nuts harvested July 31, .A.U{::,ust 7, and AUc':;-ust 14 die; :'lot differ 
in brittleness, hollmmess, sweetness, bitterness, and rancidity. 
Alrnonds harv8.:;ted AW.--;<lGt 21, Septembe}' 4, 2nd :~e~)tember 11 ,;eye ;,lore 
firm, bitter, and rancid, and 'less brittle, hollo';[, a11(1. SH8Ct. Jl~.lJ' 
24 h2.rvested. nuts ,{erc siGnificantly the lcc,zt firf.l Cl.nd. r;,o::;t l'2.1-:cicl 
nuts. 

Sa.rly hnrvest nuts after July 2,4 ho.d Eloro 0.esj.reable 32!!:::ory 
cha.racteristics, the~r \-lere more S\'lCet and less bi tt0r and. rC!.nci(~, bl~t 

t!1ay we.re rr.ore holloyl C".W1G. brittle than lat(!r Larvo~;t nuts c.ue to the 
moisture content at the time of r02.stinS. 1\;;8oin, the leasibili ty of 
harvesting 9.n ea;rlicr nut Hi thaut acquirinG the air l')OC;:;:cts u:pon 
rC2.stin5 should be studied. 

·IV . COHCLU3IOlTS 

The follo'.dn,::; points co~clucle the results of this study. 

I. Effect of l,'!eek of l'Jormo.l Eo.rvest 
1) almonds ha.rvested Au,srust 21 and Aucust 28 ancl gathered. iITJi1ec.iately 

dill not differ in sensory characteristics. 
2) nuts l'~arvG:3tecl directly 9ff the tree and nuts shaken anci r;o/cll.ere,1. 

from the ground the same d.ay ',Jere not different. 
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T:L,}r II. £fi'::'ct of rl'imc :Gofore Gat~:i";":2 :iV~ Nuts of :"~ach L:::TV€st 

2
1) nuts c..iffered rno:c'G in t'3x-cu::.::' :::-c:.t:ler tha!1 flavor charac'Ccristi.cs. 

) those nuts ~a thered iITlIiledi~ t ~ l~; l,ad r.lOre d.esireable scnsory 
characteristics (they Her~ S\,v:etc:::' nuts \·;i th 1ess bi ttC}~j,1ess anc. 
rancidi ty) but ',.:ere more LollNT in the center: of tLe nut dUG to 
a higher moisture content anG Hill present a proble:,l uron roasti~. 

3) almonds left on the G"rouncl ono an6. h!o ';Ieeks a.iffcr8d relatively 
little from one another. 

4) the sensorr llifferences bct':!een a.l:"onc.s gn.tLercd at diffe:TC': :t 
tiB8S for the same harvest c:ecreas'.)u tm'lar"" the erl(:;. of the seaS011. 

TEST III. Effect of Time of Harvest 
1) alrnorlls b1.rvC)sted July 31 and !mGust 7 ami left on thc Ground 

until cathered one and. tHO \-Jooks 12,tcr ','ere no (~ iflcr>3nt from 
nuts of the normal harvest. 

2) alr.lOna.s h2Tve::;ted .July 31, AUGust 7, and J~Uo.nu~:.;t 14 '.:ere less fir;n, 
bitter, and rancid, Hhile beine morc brittle, [:ollo'd, ana. SKcet 
and have therefore more C:.esireable sensor;;,' ch"'.racteristics thDn 
those nuts harveste.ci J1J.l~.r 24 or after li.u,::;ust 14. 

3) the feasibility of barvec;tinc an earlier nut '::ithout acc{uiring 
the air pockets upon roastins should. bo stud.ied. 

J3ecaW3E! almom:s cliffered in clcg:':'eo of rOQf':tcci flavor, it is felt 
. that the ro:':,stinG' proce,-~ures i'lerc not simile.r .Lor eac;'l lot of r:uts ~,: ld 

could thereforc be an impo:rtant sourc~ of v.:lriability in t}:.e stuc.;y. ~u::::'t~:cr, 
it may bo possible that this t~~IJe of r02.stinc; :l~rOce0.u:te nay h:we c:.:u~cd 
the inc:::,ea::.;ec~ bitterness ' and rancic:i ty in the l101.'mal harve::;t D.ncJ late r 
season al::lOnc:s. 
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NAt1'E _________ _ 

ALMOl'.TDS lY',Y Season 
DATE ------------------------

Two of ~he following three samples in pach set are ~dentical. Taste. a 

l!U~ from eacl1 sample ~l1en circle ~l1e odd samrle in the set. 

ALMO~mS 

SET 

1) 

2) 

3) 

'*) 

ll.)'f'-} Season 

Name -------------------------
Date -------------------------

Two ot ~he following samples in each se~ are Identical. Toste a 

Illlt from each sample then circle ttle odd sample in the set. 

SET 

1) 

2) 

.3) 

4) 
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.:.. . .s(.o~~~ ~ a€, 
5 E.l'lSO~~ 

~o~ 'bcsc-~\i>\'VE 
'ArJi\l...v,~ \'S 

ALI-rONDS 1979 Season 

NAl"LE -----------------------------
DATE Ma«(,\-... :j.. . \ 0 \ \ 

Please score the s<3.l~lples for the ... -o -.lO\"ing char::'tcteristics by proportionally 
marking the line with a vertical line. 

NONE EXTREHE 

Firm 

Bri ttle 

'I Hollow 

Roasted 

Sweet 

Oily 

Bitter 

.1 Rancid 

Firm 

Brittle 

l:ollow 

Roasted 

Sweet 

. "Oily 

Bitter 

Rancid 



·Aprf.Ntl\~ . ~ . S <!..oR..EStT&~T 
f\NA. ... -<S\~ 

ALMONDS - 1.979 Season 

Narr.e ------------------.-----------
Date 

-----------------------------
In relation to ttlfl refr' r ( .:cp sar.lOl e', p' ('asp. scorf' tl1(> foll o,,'ing 

samples for ttle di. ffen~nt c!1aracteristi.cs b.Y' proportioila'.ly marking t:lf' 

1 ine wi'th a vertical line. 
SAMPLE LESS (, MORE 

Fi.rm 

~ Brittle I 

~ Hollo,,' 

~ RoastE'd I 

~ S\veet: I 

~ Oily t , 

~ Bittf'r , 

f\ Rancid I 
..: 

} ---1 Fjrm 

~ Brittl.e I 

" Hollow I 

H. Roastf'd I 

~ S"'eet 

1\ Oily ! 

R. Bitter I 

.-
"- Rancid , 

c, 


