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UNITED 	STATES DEPARTMENT OF AGRIClJ.CTURE ... ' 

WASHINGTON, D. C. 

;EFFECT OF STORAGE TEMPERATURES ON 
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) 	 ~(?, ."""-, .... JNTRODUCTION .. 
oG.r" Sill('.(' pC'tl('heH are Luu'\'ested during the latC' ~llmnWI", they may 1)(' 


expos(.d t.o ro1n tively high temperatures 01' ROO to gOo F. or tl bo\,(' 

nfter harvest. During trnnsit they may b(' Sll bjected to ternpem tmps
• of 60° to :~6°. depending on the method of refrigeration aJld their pOHi­

tion in the load. Although peaches cannot be held in stomge for long 


~...'C 

• periods, it is often desil"able that they lw stored fOI" a few weeks to 
extend tIlt' 1lllll'ketiug period. It is importnnt, t.herefore. to know the• effect of difl'Nent tempera tll res 011 the 1'0 t(' of ripening and on tlw

• 	 dessert qualit~, and compoHiti011 of the fruit, and to det.prmine the most 
c1esirilble stol'l1ge temperntul'e und til(' llluximulU length of time t.11l1f

• 	 the fruit IlULY be stored ttdYn.l1ULgE'ollsL~·. The objeet of the investiga­
tions repol'ted h('rein was to ohtn.in infoJ"lnation relative to these.. 
(loin ts. 

MATERIAL AND METHODS• 
TilC' pClu'h-storagC' illvC'stigatiolls ('xtellcied ()\O('I' thc roul" S(,:IHOIlS of.. 

19:3() to 19:i3. ineiusi,,{·, and \\'('1"(' (',OJl('Pl'llrd pI'jJ1cipnlly wit Ii t.ll(· fOUl" 
\,tlTietieH ('Ill'IIIlI.n, Belir (lh,lI(' of (h'ol"gia), Ellwlttl, alld .J.H. HnlC' ..... 
The fruit WItH (Jhtn.illeci f!'OlIl a ('omrru'l'ciill ol"chard nellr l.J('osbul'g, YH .. 

... in 1930, 1931, lind 1932, and fl'om _\'riington, \'n., ILrtci CollegC' Park, 
~1d .. in 19~3. Tll<' fruit WitS siol'NI fit tlJ{' \'Hl"ious templ'l'n tureH tliC' 

•• Sl1lllC' day tbnt it was picked 01' in somr inHtn,nees on tbe following 
morning. 

~ The fruit was pie].;NI ",11('11 it was ('onsi(lPl'ed to hr shipping ripr. ., The date of pic'king lWei eondition of th;' fruit when hnrvosted nrC' 
shown in table 1. The period during wbich pickings of tL variety were 

l Submitt.ed for )luJ)IiCIlI.JolI October 27. III:!R." 
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made vl1ried in differrfut seasons from 6 days for Belle (August 15 
to 21) to 15 days f,JrElberta (August 16 to 31). These variations 
may have been due to differences either in the time of ripening or in 
the mat1lrity of the fruit at the time of picking. The data show that 
both factors were in pnrt responsible, ns the fIrmness of the vnrieties 
often varied considerably, indieating that the fruit was not of the 
~;fl,ll1e maturity when piekecl. On the other hand, the firmer lots were 
not always the earlier picked lots, indicating seasonal differences in 
the time of ripening. Th(:' dry weight, sugm', !tnd ficid eontent of the 
fruit of a variety uJso varied considerably between seasons, and this 
v!l,riation did not seem to be I'elated to the maturity of the fruit as 
measured by its firmness (tabl(:' 1). 

TAll I,}; ].- COlldilion 0/ pcaches ai harrH'st 

~uurl'e I )Uh' picked 

-----1--- I _1_..___ 
4 

I 
Per- : Per- Per-

J"Hi IU/a I'rrcillt rC1I1 I cenl rent("Rrmnn.~ __ _ IAu~.. ;1"'<'SI>U/'I{, \'" fl. 1113U I: U. ;; fi. ~ 4.4 D.li! 
Do.. .. I.b :L1 .liR a. (;31)0.. .. I do Au!:. 5. lU:lI U. i . j .dn " .J uh' ~.'\). HI?~ I H,3 :I. i .Oli :j..la11.;; I fl. 7Do..... . •.••.\rlll1!(l.nn. \ a J'.,y.,. waa , 7.1 12.0 .~(JUelle........ _ a.'I~
. ..! Lt'cshul'!(, \'" Aup;. lU, 1030 : SA 7~ a ·1.:1Do.... . .. ,d(L Aug. 21, W;U i 1" ~ 12. I .1. 2 !!.Iino · ;i5 a.linI ...dn. ... AuI'. 1.1, 1I1a~ I . j ILti 'j.•;Ilo, · liS a. U2C'~)II('~c Par t, Au~. 15, U13:iI ;'[0. I IH I !~:~ lin a. ;a 

Elb,'rtn. L('(I"hur~. ,.-. Au~. 21,19aO 11.1 7.2 .j.1flo. do Aug:. 31, 10ai 5. ;,Ill! '1.8 :l.J • liS :l.i;;J. do Au~. 22. 19:J2 ).1.;' 14.1> 5.0 3. U .77 a.51Do . Ariin~t.on. V.. AuI'. 1/i,1933 !2. :i II.!)J.U. Hale I · liS :1. 7bLecshurl!. \'a Auc, 9.6.1930 II.l 7. (i a. ;- .71iDo. ,10. ISCI>t. 2. 19:JI iI.1 12, I S. ~ ~. ttDo .51l 3. oS .. rlo . . .. Au/:. 25, 1032 I~. a 1;;.\1 .i.t .j.·1 ·R-, :l.4SDo (,ullc~e Park. Au!". 21. was la.2 la. .[ .R:l a.56..\rd. 
N. J. 116-22 .. Arlin!!LOIl, \'".1 .July 25,IRI:1 iI.·1 t~. 2 ·~.) :1.fi1X ..J. 127-22 ..... . rio '" .rlo...... I' 11:,')10.1< .Ii·1 :1. 74Hiley (ShiPJlillgriprl,'11°0 .• ".'-Ull.:'0.-1.'. W:l.a II. 0Hiley (green).. • u 

11. j , ~2 3 . .1;)
ll . .[ 11.2I ISlappy. .... .. rio .July ~. 19?? I 11.0) I ll. D 

· ){2 a. fit 

(,hampion (ship, rio . Au!:. ,.19.1.11 2,-1 
 · !is :tlifi

ll.fl 12.-1pin~ ripe). .:'1 :1.RI 


Champion (I!reell) do ....d0...... 1.,
I I
la.a .5H ;1. H7 

gurly Crawford , _do .J..\.U.'~d' oO,.l.lJ;.i~. '.'." !I. II t')-. -, .92 ~.1j2ILa IElherta ..... _. .. ... rio • . . '. _ J.l.7 I')_. -I · {ii :l.78Elberta (shippin~ do Au~. 16. 19a3 :J.O 12. ;l 11. [Iripe). I · (j5 3.7R 

Elherta (greon). _ '1" do .". ,do I~~.·I la.7 I 
Aughert (shippin!( ('ollege Park, -RoPt. Il;io3:i 12.1ripe). Md. 12.51 .!il :1 ~'j 


A ugbert (firm ripe). I . rio 00 I 
 ;',:11 12. fi I .. :1.911Late ('mw!oro I .rl0 ·~\lig. iri:io:iill 13.!! , 12.4 3. ;,;.70 
--------~----~____-L______ 

I I I 
1 Variety WRY he Shippers' Llite ){eo ill lU3{)-32. 

The ground color of tile fruit a t harvest was determined ill 193:) 
by means of the apple Hnd pear color chart (17).2 Although the color 
shades on this chart didnot correspond ·with those of some of the peach 
varieties, particularly thr white-fleshed ones, it was possible to deter­
mine the appro)..:imnte dept]) of color (If most of them. Coe (5) hos 
presented a coloI' ehlll't for peathes, but this WitS even less satisfactory
than the apple (·hurt. 

'Italic numbers In parentheses refer to LiternLure Citeel, J), 31. 
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E:r'FEC1.' OF STORAGE TEMPERATURES ON PEACHES 3 

In 1930 the studies were of a preliminary nature and the peaches 
were held at only 30° to 31° and 60° F. In 1931 and 1932 storage 
or ripening tempemtures of 30°, 32°, 36°,40°, 50°, 60°, 70°, and 80° 
were used and the rate of softening and the respiratory activity of 
the fruit were determined at these temperatures. . 

The firmness of the fruit was determined by means of the Magness 
and Taylor (18) pressure tester with a plunger five-sixteenths of a.:'). 
inch in diameter and with a penetration of five-sixteenths of an inch. 
Morris (19) and Coe (5) used similar plungers in their studies. Blake 
and Da,vidson (2), however, used a plunger three-sixteenths of an 
inch in diameter, which gave readings about 50 percent as high as 
with the '{6-inch plunger. Two tests were made on the pared flesh 
of each peach nem' the middle of encb cheek, and 10 to 20 peaches 
were generally used each time. 

Coe (5) reported pressme tests on the pared suture, at which point 
the fruit was generaJly considerably softer than on the cheeks. Blake 
and Davidson (2), on the other hand, fotmd the suture to be only 
slightly softer than other parts of the fruit find recommended that 
12 tests be made on each peach, at the suture, 0pp0E'ite the suture 
(dorsal side), on each cheek in the middle of the fruit, and nlso at the 
!LpeX and bottom of the fruit. They nlso recommended that the tests 
be made on the unpa.red surince. Because of these differences in 
the methods of determining firmness, it, is not genernlly possible to 
make direct comparisons between til(' firmness of tllt' fruit as reporfed 
by the vnrious investi~n.tors. The desirahility of n uniform met.hod 
of testing the flrmness of peaches is obvious. SineI' n J\6-inch dinmder 
plunger was the first to be used on pelLches (16) and has been ilion' 
commonly used and gives equnlly slLtisfnctory results (2), its generlll 
udoption would seem desirable. It would also seem desirable to test 
the fruit at more than 1. point but )mnUy necessary to make as muny 
as 12 tests on each fnut. The differences between the tests at the 
upex and at the bottom as reported by Blake and Dnvidson (2) were 
not consistent, lind the tests around the middle were generally inter­
mediate between thos(' at the bottom and at the npex. The results 
of Blake llnd Dnvidson do not indicate that the average of the 2 
cheeks at the middle varies significnntly from the average of lLll 12 
tests. Sillne this was the original method used (16), and as there 
dO('s not nppear to he Imy good reason for ehunging, its u,doption as a 
standard method seems desirahle. 

The respiratory acth:ity.was determilled on dupliclltf\ lots by means 
,;4' ·.he apparatus deSCrIbed by Huller and Rose (12). 

For sugar determinations, longitudinal segments wen' ("lit from the 
sides of n t IC'lIst 20 peaches. Tbes(' were ground in a food ehopper 
IUld thoroughly mixed, and 50 gm. of the material was weighed out 
and extracted with approximately SO-percen t alcohol by means of 
a Soxhlet e~traction appn,ratus. The extract was made to volume 
und the sugars wpre determined in an aliquot of this hythe Munson­
Walker-Bertmnd method. 

Dry weights werp obtnined by drying the residue aiter extraction 
and by drying an aliquot of the extril,ct to constun":. w.)ight under 
vacuum at 70° F. Total dry weight was obtnined by combining the 
dry weight of the residue with that of the extract. 

The juice of the pencbflesh was expressed through canvas by means 
of a hydraulic press, and the pH value determined with a sat,urated 
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calomel half-cdl and a quinhydrone electrode. The total or titrat­
able acidity was determined by titration of an aliquot of a water 
extract of the tissue to an end point corresponding to pH 7.0 as 
determined with the above apparatus. The percentage of acidity 
was calculated on the basis of the acid being 50 percent malic and 
50 percent citric, as reported by Ne]son (20). 

30

At temperatures of 50 0 
, 60 0 

, 70 0 
, and 80 0 F. the fruit was held 

continuously until ripe, and the composition was determined at this 
time. The fruit did not ripen at temperatures of 400 

, 360 
, 320 

, and 
0 

, but lots were transferred to 70 0 at weeldy intervals for ripening, 
and the composition wa.s determined at the time of trnnsfel' and 
after the fruit had become ripe. 

32
In 1933 additional varieties were used. Holding temperatures of 
0 

, 40 0 
, lwd 70 0 F. only were lIsed, except in a few instanees where 

a temperature of 50 0 was uSfld. The softelling ra tes and respiratory 
activity a,t the different temperatures were not determined. 

PRESENTATION OF RESULTS 

Preliminary reports of eertain phases of this work have been 
made (10,18, 14). 

RELATION O~· FIRMNESS AT HARVEST '1'0 PICKING MATUJU'I'Y 

The peaehes varied eonsiderabl;\' in firIllness, and it was possihlr to 
obtain lots representing two or more stages of maturit;\' at It single 
pieking, as was done with certain Vtll'ictics in 1933 (table 1). Fruit 
of different muturities was srparuted by color; the less muture lots 
generally were considerably firmer. ' 

Tlw n verage pressUl'(, test of the Elberta lots l'tlllged from 11.1 to 
14 pounds (tabl(' 1), exeept for the 1931 picking, whieh tested 0111)' 
5.5 pounds. This lot hud mnny ripe fruits and was too soft for 
desimble storage or shipping quality. The early picking in H)33, 
which was firmest, ripened with fan: quality. These results indicate 
that Elberta peaches should be picked with an a\'erage pressure test 
between 11.0 and 14.5 pounds. ~'1agness and Allen (16'\ recom­
mended thll t Elbertas be picked at fL preilsure test between 12 und 
16 pounds for shipment from California, tlnd Coe (5) recommended 
12 to 18 younds for Ctuh conditions. On the other hUIld, RInke 
and Davidson (2) considered tha t firmer peaches were necpssar, 
under the more humid conditions of New Jersey <md recommendec! 
15 to 17 pounds for nenrhy shipment !lJ1cl 17 to'20 pounds for long­
dishmce shipmen t. It seems likely thn t the fruit would trnd to hr 
softrr nt the snme maturity IIIlder humid thnn under dry ('onditiol1s 
and therefore should be pie ked somewhu t softer in order t.o ripen 
with su.tisfn ctory dessert q unlity. The rrsults reported herein for 
Virginia conditions indicate that the recommendations of Blake und 
Da vidson were too high. 

Although the J. H. Hnle peuches were pieked in 1930 und 193] at 
average pressure tests of only 9.1 pounds (table 1), t.hese lots had 
somr peaches that "were somewhnt ripe und not firm rnough for brst 
shipping conditions. From these results it seems likely that satls­
fa?tory ~hipping und d('ssert quality would he obtnined by pickil~g 
this vanety itt pressUl'(, tests between 11 Ilnd 16 pounds. TIm: 
agrees well wit.h the reeommel1dutiOl1s of Coe (5) that they be picked 
at pressure tests between 12 und 17 pounds, 
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Belle peaches were picked \vitb an average pressure test 01 S.4 
pounds in 1930 and 1932 (table 1). These lots, however, contained 
many soft fruits, and tbe pressure tests of 12.5 and 13.8 pounds in 
1931 and 1933 represented more satisfactory shipping conditions. 

Oarman peacbes were picked with an average pressure test of '7.1 
pounds in 1933 (table 1), but tbis lot also contained many peaches 
that were too soft for satisfllctory shipping. The results indicate 
tbat pressure t.ests of 9.0 to 12.0 pounds at harvest would give satis­
fnetory shipping and dessert quality. 

The pressure teRtR of certain other varieties are given in table 1 
for the] 933 sen son . The results are fairly uniform for the different 
varieties find indicate thtlt for many enstem-grown yarieties a, pres­
sure test of 10 to 14 pounds at hnrvpst represents a condition of t.ll(' 
fruit at whicll it ripens with good dpsRert quulity and would hold lip 
wel1 for shipping. 

RELATION Ot' TEMPERATURIl '1'0 SOWI'ENING 

The l'atp of softening nt. the different. temperatures of t.hp variptips 
lIspd in 1931 and 1932 is present,pel in figures 1 and 2. 

40

The peaches gmwrdly tested t),bout 2 poulI(ls or less when fully ripe 
and were in prime en,tiug eonditic)lI. The curves show that softenillg at 
70 0 and 800 F. was very ra.pid and at. a.bout. the sume rate. At these 
temperat.ures t.he fruit became fully ripe and soft in 1 to 3 da.ys, 
depending on the firmness at the time of picking. In 1\3'32 Elbertn 
required a longer time (about 5 da.ys) to ripen. Even n.t 600 softening 
was very ru,pic1, fmel in 3 to 6 days the fruit softened to a pressure test. 
of 2 pounds or less. At 500 the softening was considel'nbly slower 
and at least 6 to 10 flaTS eln.psed before the fruit, reached good eOlldition 
for ea.ting. At 400 softening \vas greatly Tetnrded i),Jlc] in only three 
lots did the fTuit. soften to 2 pounds 01' less a.fter 3 weeks' storage. 
In 1931 BeUe showed very little softening after storage for 24 d!~ys at 

0 
, a.nd in 1931 fLlIC] H132 nU varieties failed to ripen at this temperature 

before i1lt.ernal brenk-do-wlI becnme serious .. At. 360 
, 320 

, and 300 

there was practicaHy no fioftening, n,nd frequently the fruit was signifi­
enntly more fjTm a,t some of the inspections thnn a.t t.ime of harvest. 
The daily mte of softening is shown in tahle 2. 

TXBI,g 2. f)ail?! tatc of sof/l'ldng of p('aCIIl'N at l'ariOIlS Ir1l/pef'(lhtrl'.~ 

Pltily nl\[' of Roft.rnin!( ,11-

VnricLy Y~nr 


HOO I" .. ~n•./<" I'.
• (j(J0 /<'.1 ,,00 I 10· I'.• :l/jo I". ; :;2·0~:1:;;-

1'(j"'II/.::-J~:~(:' [>oV71d.,I-;:lIrl8! Pound ,-;:::~i-;;;::i-PO".1ld
(!nrlllun _~ __ 1031 ,I. I i ~.O 1.U 1.2 (l.05 0.00 1.30 0.50 

Do 10:12 :1. 7 2.8 1. !l I. 1 .40 . 14 . 07 •{)·I 
B"II(' 11131 5.3 5.:1 2.0 J.2 .06 ./0 .02 

Do. 19:12 0.2 4.1 1.9 1.7 .55 .10 ,02 . 
1';II)('rl.lI Ina I 2. 5 2.0 1. 1 . 5 .20 . 05 .l'l . 05 

))0 .. __ 1932 2.1 2.2 1. 8 .9 .52 .17 -. Ol -.02 
.J. fl. Hnlf'. 19:11 :1.7 3.7 3.3 1.3 .38 .2.6\.11 .00 

Do 1032 4.J 4.2 2.3 .9 .5U .20 .01 -.114I----------------_. 
.. . 4.0 3.4 2.0 1. I . 34; . 14! . 19 I .:!(1 

Morris (1.9) cl ct.ermineel the rn.te of softening of ]TIlberta. pea.ches at. 
GOo, 50°,400 

, alld 320 F. His results approximate those shown herein, 
except thtLt he found somewh!Lt more softening at 3~0_ 
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FlGURE l.-Fil"lllllCI'S of pracht,,; in storage at various temperatures, 1!J3L. 
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RELATION 0.' '1'EMPERA'1'URE '1'0 RESPIRATORY ACTIVITY 

The respiratory rates, as shown by the carbon dioxide evolved, at 
the different tomperatures, are shown ill figm:e 3 for 1931 and in figure 4 
for 1932. The rates were consistently higher in 1932 than in 1931. 
The average at all temporatmes was 34 percent higher in 1932 than 
in 1931 for Carman, and 37, 14, and 23 percent higher for Bolle, 
Elberta, and J. R. Hale, respectively. The higher respiratory rates 
in 1932 were associated with higher concentrations of sugars and acids 
(table 1) and with higher dry weights in Belle and J. H. Hale. Dry 
weights of Cnrman and Elberta, at llU.rvest were not determined in 
19B 1, hut tlH' lower sugnr nud ncid conten t would indica,te a lower 

I .' _I 
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dry weight for t.hem n,lso. Thus the lower l'espiru.tory nctivity in 
1931 wns apparently due to a dilution of the substrate, and probably 
no significant difrerence would be !1ppnrent on n dry-weight bnsis. 
A similar relation has been reported for stru.wberJ'ies (11). 

In both yents the Carmnl1 penches respired considerably more 
rapidly thall fruit of tIle other varieties, with 110 consistent or mn,rked 
differences among the other varieties. 

The rate of pToduction of cm'bon dioxide per kilogmm of fresh 
weight per hour varied from 3.8 to 5.2 mg. at 32 0 F. and from 81.5 to 
141.2 mg. at 80 0 

, In 1930 the respiratory mtes were determined nt 
300 and 600 only. The rnte n,t 300 ill 1930 vllried Jrom 4.::1 to 4.8 
mg., which was somewhu,t lower than tilt.' mtc\~ a,t 320 in 1932 but 
generally higher thall those ill J931. Altho ugh direct comparisons 
cannot be made, these re~.;ult,; ifldkate sornewlllLL lowel' respiratory 
mtes at 300 than at 320 

. TIl(> rates n.t 50 0 in 1930 were inl;ennediate 
between those ill 1931 !tlld 1932. 
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'I'he curves (figs. 3 and 4) show a l'ather rn,pid incrcu,se in respu'u,tory 
activity with increased temperature. These results are in genernl 
agreement with those of Gore (8) but cover a wider range of tempera­
tures. This chauge in rate may be expressed as Van't Hoif's tempera­
ture coefficient (Q10) or the number of times the rate of activity is 
changed by euch 10° O. (18° F.) increase in temperature. These 
temperature coefficients are given in table 3. A coefficient of 1.5 
is considered typical of fl, physical re!letion, where!ls one of 2 to 3 or 
more at low tempemtures is typicIII of n, cl1emiel1l reaction. TIll.' 
temper!lture coefficients of the respiratory mtes of the peaches were 

2 3 4 S 
DAYS 

I<'WUltB 3.~ ·Hc;;jJimtioll (If PPUCh,'H in relation tu temperature, 1\.)31. 

greitter than 3 itt the low tempenLtllres !llld ayeraged slightly more than 
4 between 32° al)d 50° F. but were only slig-lltly greater thuJI 2 at tIle 
higher temperatures, 62° to ROO. 

'1',\ BI.le a. 1'1'111/11'1'111111'" cOIJlicifnls ({JHl) oj pe(lch rf'-,piroLio1i 

'1'{'Jl1lwrallln' HlJl}.H' ('"r~~"" . _;l(';~ __ :~!'~(':~J~:'I;'-~Ie IA\w-

I 'I Hit" 
r. ~'. ; \\Ial III;lt IU31, Iya~ , lim I ( In:l2 tIll ' ! \U32 

. .._-/- -j- - ~)- .. !-~ 
(J to 10.0.. :J:! to!jn :1.05 " ".Utl. :J.H5 I ·1.115 ·1.10 I ~.n~ 14• 00 j 4.:10 .l.l:l 
5.0 to 15.G .. 42 \.0 mJ :\.1i0 I :1. 25 .\ Oil :l. ·Js 4. fl5 j. a,2U :1. 2(1 I :1. 4S 3.5lI 
II.J to 21.1.. i :,:! to 70 ~. flf> , :1.01 :1. (1.5 :!.2f1 :1.15 :l.05 :1. 00 l:l.3S :1. II1lO.7 to 26.; ",. I 112[0 SO i. :!. l:l ! 2, a7 : 2. 05 ~. 2;~ 1_ 2. ~_~~~~~~ _~~_-= .~l_~._._ 2~ 11' 

As pointed out previously (10), the l'espirn,tOJ'Y !letivity of pea.ches 
increased mOl'e rapidly with temperature inercfLseH tha.l1 did the 
respirntoJ'Y l1etivity or some ot.her fruits. Thus, with ponchos, the 
respirn.tol'Y rate at 7Uo F. mllged from 11.4 to 17.5 iLnc! iLVC'mgecl 15.4 
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times as great as at 32°, whereas with strawberries, oranges, lemons, 
and grapefruit the rate at 70° was only 7 to 8 times tha t nt 32°. 
With apples (1'7) the mte nt 70° was a,bout 10 times that at 32°, and 
with Concord grn.pes (15) about 12 times. 

Insofar as the rate of respiration inclieates the rate a.t which the 
fruit deteriorates or ripens, these results emphasiz(' tIl<' importance 
of prompt cooling after picking and indicate that coolinp: may be 

l'Jnl'llg ,I·. Respiration of ppuph('s ill l'l'la.1ioll to tl'lIlpt'ratlll'l', 1032. 

mo/'e import!l.nt I'll/' pead10s thnn for many ot.he/' fruits. 'rhus, on 
the basis of /'espirnt,ol'Y actiyity, 1 day a.t 70° to 80° li'. would he 
cquiynlcnt in the life of the fruit to nhout 2 days a.t GOo, 4 at 50°, 8 at 
40°, or Hi days n,t :~2° to 30°. 

Theoretically the rC'spi/'atoJ'Y rat.ios (C02/02) may indicate the type 
of materia lrcspi/'ed, !l.S til(' complete' oxidation of a Iwxose sugn I' gives 
a ratio of 1.00 fwd the eOlllpleto oxiein,tion of 111n.1ie 01' eitl'i(' add gives 
!l. rn.tio of ] .33. Th(' ratios of the pen,ehes at the difl'erent tempemtl11'cs 
n,ro glyen in tn,bie 4. Thp/'e was no ('ollsistC'll f difl'el'cTlC'e in thel'lLtio 
at the diffC'rent tempera.tu/'es 01' am011g the clifl'C'.('cnt varieties. The 
11.Yern.ge rn.tio fo/' n.ll vnrieties a.nd tC'lllperntlll'eS was 1.10, inc\icn.ting 
thn.t both sugarR n,nc\ acidR WM0 oxiC\izt'd in t.h(' l'cRpirntion, with 
somewhnt morc sugar thnn :wid heing respircd. 'l'he n,nn.lysis of the 
fruit, 011 tlw oehel' IlIl.1Id, indirates IL rclativel)r gl'ell.ter loss of acid at 
50°,40°, n.nd 36° }i', than at the other tempemtul'cs. 

http:11.Yern.ge
http:import!l.nt
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TABLE 4.-Respiratorll rr;tios (C02/02) of pmches o.t different temperatu.res 

Carman Belle Elberta J. H. Bale 
Temperature 1---.--.1-----;----1---.----1---;---1 Aver·

(0 F.) age
1931 1932 1931 1932 1931 1932 1931 1932 

---------1------------,-------------­
32.. ... ~ ~~ - '"' ~ .. -. ~ - ~ .. - .. - .... ~ n.Si 1.10 0.96 I. 10 UO 1.17 1.08 1. 05 
to.. _ 1.00 ,1.10 1.06 '1.12 I. 23 11.10 ].11 1.10.. ~. _~~ __ • __ • ~_~~M~ ___ 

50__ .......... __ .. ~-~ .. ~~-.-~ '.93 1.11 '1.16 ,1.08 1.18 ,,1.14 I. 31 1.15 1.1:1

50.. __ ... _. ___ •.. ___ .. ___ • __ . Ili 1.14 .1. OJ 1.10 I. Hi 1. 14 1.16 I. 1270.. _____ 1. 2" 

~ __ .. __ __w"'_~ ~_ ~ ~ ~_w 1.01 1.14 1. 07 1.07 1.18 1.08 1.11 1.08 1.00 
80_..... -- - . ----- - -'" -- -~ ---- .114 1.12 1.1-1 I.on ,I. 3t I. Ili 1.16 1..13 1.12 --...-..-.-- --~ 

1.10 

-----------_.- ..-------'----'-----'-----'---- - --'----'----'----'---­
1 SiJlglc o(ll.crminatiOils. All ot.h(lr~ HVl'raJ,!('. of dUJdil'ait's. )n som(' ctcil\rJuinnl.ions nn air leak in the 

respiratory apparatus resulted in r~ee:;siwl~' high ratios. Such results were discllrded Bnd only t,he single
determinations llsed in theS(' install['es. 

RELATION OF TEMP~;RATURE TO COMPOSITION 

The dry weight, sugar.s, !l-!?d total and active acidity of the peachcs 
whcn stored nnd after npemng at temperntures of 50° to 80° F. arc 
shown in figures 5 to 12. At 30° to 40° the peaches did not ripen, 
and the composition of this fruit was determined aftC:'1' 20 to 26 days 
at these temperatures and also nftl'1' they were rilH'lled at 70° aft'er 
thiR length of time at the low tempemtures. These results also nre 
presented in figures i'i to 1~. 

The rcsults do not indicute :Hl~- ('OnsiRtellt relation betwcen the 
perccntage of dry weight of th(' fruit and the tempern ture n,t which it 
wns held or ripened. Belle had the highest dry weight n,t 50° F. in 
Hl31, whereas in Hl32 it wns lowest nt IiO°. [mbertu ha.d a very high 
dry weight n,t 80° in 11')32; the other Yn.l'idies did not (figs. 9 to 12). 

It will be noted thnt in some instn.nees tlw perccntnge of dry weight 
increased during stornge over tha.t n.t harvest, wherens in other 1n­
stanceR there was n derrease. ,Vhether the percentage of dry weight 
increl1ses or c1pcrenses during storage depcncil:' on the rclnt.h-e rnte of 
moiRture loss by trnnspirn tion unci the rH.te of rnrhol1 loss hy respira­
tion. 

snGAHS 

In gelleru,l the flllgnrs follow tIw Rume tl'(-lld as the ]lpI'('elltnge of 
Jry weight.. They tend to ill(TeHSf' or dl'('l'ellSt' dej)t'lldillg on the 
reiati.Ye 'rn te of tfll.llspil'l1 tioll n lid I'('spiration. 

An 1>1'1'1' 

There WH" no consistent diif('l'enc(' ll1 the titrntahle acidity when 
the pcnchcs were ripened at 80°, 70°, und600 F. The acidity was 
generally considern hly lowt'I' in penelies ripened at. 50° than in those 
ripened at the higher templ'l'ntures; even lower acidity WflS obtl1ineo 
fl,fter 20 to 26 days nt both 40° fwd 36°, although the fruit at these 
temperatures wns not. ripl'. After 20 to 26 dayR at hoth 32° n.lld 30° 
the ncidity eoneentrntioll WIIS much grcnter than at 36° nnd 40° and 
avernged slightly higher thnn u.i, 50°. -YYhen the pcnches from the 
tempemtures of 40° to 32° w('I'e ripl'ncd at 70° there was a further 
marked de(,l'ellse ill tit.rnJn hIe ucidity. The hydrogen-ion concentra­
tion showed a trend similu,r to that of the t.itmtablc acidity. These 

http:reiati.Ye
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acidity changes are of particular significance, since the peaches failed 
to ripen with good dessert quality at 50° and were generally mealy or 
developed internal break-down when ripened at 70° after 2 to 3 
weeks' exposure to 40° and 36°. Althoug11 break-down occurred in 
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FIGURE 5.' ·Compositioll of Car.llan pPlLclieb when ripened at various temperatures, 
1931. Straight lines represent composition when stored. Fruit held at yarious 
temperatures as follows: 800 F. for 3 days, 700 for 4 days, 600 for 8 days, 500 

for 10 days, 400 for 21 days (broken lines) and 4 days at 700 (solid lines), 36 0 

and 320 for 22 days (broken lines) and 3 days at 700 (solid lines). 

peaches held at 32°, it was much less severe and developed later than 
at 36° and 40°. Thus, the re1n.tively large loss of total and active 
acidity at 36° to 50° was associated with a, greater susceptibility of 
the fruit to break-down at 36° and 40° and the development of poor 
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dessert quality at 50°. Appa.:rently the metabolic ba.lance was upset 
at the intermediate temperatures of 36° to 50° and resulted in 
abnormal ripening. 
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FIGURE 6.-Composition of 13e1l(' peaches when ripened at various il'1I1Jll'rut.urcs, 
1931. Straight lines represent cOlllPosition at har\'(:'st. Fruit held at various 
temperatures as follows: 80° F. for 3 days, 70° for 4 days, 00° for 7 days, 50° 
for 17 days, 40°, 36°, allCi 32° for 25 days (brokell lilies) lLud 4 days at 70° 
(solid lines). 

l'~JCTJN CHANClJoJS ilUilING ItlI'J,]NINl: 

In 1933 the soluble pectin in t.he expressed juice wns determined 
when tbe peaches were harvested and n,fter ripening at 70° F. Itud in 
some instnJlces Itt 50°. The pectin WitS pl'eeipitll.ted froIll 100 ml. of 
expl'cc;sed juice by mn.killg up to 500-m1. vol lime with nlcohol nnd 
filtering. The 1'1'ecipitl1te wus dissolved with hot water and slLponified 
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with sodium hydro:\-ide. After standing, the solution was acidified 
with acetic acid and the pectin precipitated \v-1.th a calcium chloride 
solution. The calcium pect.ate was filtered, washed, and weighed 
according to the method pre,-iollsly described (9). With apples, Haller 
(9) reported that the pectin in 100 ml. of expressed juice approximated 

I 
;

14 . 	 i ,I 

13 ! 	 i 
- ... r-. 

\ 
\ I I 
\ 1 " I'- f)~•. WEI6#Tt"J_ , i 

~

l I-	 -I pHi 
r 	 I --i' 	

4.00 
1


I / /' i 


I;J 1 \ I ! 
3.90 

. 	
I 

.3.80 
I 

I .... ;.... / " rbf____ ___ 1-... 
I I 	 -t 3.70 
I j_ 	 i 

.-rTOTAL -$UGARSJ. ·\;::r.;:;..<lL Acl/DITY~ (x/O) 
1 

1­;-'j.J--	 3.60 

/: --- -------1 
: 

- ­
-, /' --l--- ­ .3.50 

: I I r-------~~ I 
I-.,\: V 	 ;~~

4 :-"- '\.r~"; I 	 ...... .~-,i_I 	 I 
3 .- <- I 

f I./ -·--r--___ I l I 	 i 
~ I 	 1_ -i~~ .. 

2 	 REDUCING SUG4f;?S
; i I ! 	

i 

~ 

/ I 
I 	

I: 
iI 

I 	 . I 
1 

3,032 36 40 	 SO 60 70 80 
TE MPER ATURE (oF.) 

Fr<H:UE 7." COllJposiLilill uf Elberta peaches when ripcllcu at yariuu~ tl·mpera­
tilJ"l'S, 1931. ::ltraight lilies fl'prescnt composition whell stored. Fruit held at 
\'tlrious tl'l1lpl'rtlturl's as foUllw:;: 800 and 70° F for a days, 60° for 4 days, 50° 
fur 10 daYH, 40" alld 30C for 22 dnys (brokt'JI lines) al:d 2 d:tYli at 70~, 32° for 
23 dal-s (hrokp" lille:;) and 2 <iav;; at 700 (solid lim's) alld ao" for 23 days tbroken 
lilies]' :llId 3 day~ at 70° (solid iiJll's"!. ' 

tllnt {'xtrnetpd Jrom 100 pn. of fresh tissue, and it seemed likely thn.t 
this I'pl;ttionmight. also obtain with pC'n.eilPs. The amollnts obtained 
(tnble ii), howl'vel", H.I'(' of u considNnbly lower onl!'r of magnitude 
thal\ those l'xtrnctNI fro111 til(> tisslI(' by Appleman and ('onrad (1) 
and by Nightingulp, AddolllS, and Blake (i1). The results indicn,te 

http:j.J--3.60
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FIGUlm 8,'" COlllpositioll of J, H. Hale peaches when ripened at variolls tempera­
tures, J 931. Straight lines represent compositioll when stored. Fruit held at 
various temperatures as follows: 80° F. for 2 days, 70° for 3 days, 60° for 5 
days, 50° for 8 days, 40° for 26 days (broken lines) and 2 days at 70° (solid 
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tures, 1932. Straight Jilles l'l'jJl'esellt (lompo!;itioll when stored. Fruit held at 
various telllperaturCH as follows: 800 allc! 70° F. ful' " clays, 00° fur 9 clays, 50° 
for 17 days, aml 40° for 20 tlays, aoo , 32°, and 30Q for 22 days (broken lines) 
and 3 days at 70° (solid lilies). 



---

16 TBCHNICAL BlTLLET1N !iSO, U. ;.;. DEPT. OF AmnC:lTL'I'lTHE 

1-';= .....: 
DRl WEIGHT. l'}_ L16 

\, 
....- """ / ­

15 -~ I 

14 
I 

I 
I13 

I
12 -j 

I pH
I:" TOTAL. SVGARS,,,\ 

r----- 4.00- -- P-j- J~ 
I 3.90 

3.80 

fl I ~ 
.;t!. -'h OTAL. ACIOITyf;rIO - 3.70 

:s:Ik 4- ~.VCfi!os£-+, ~ -/' ....... 

\ 
, ....... --y I.....~-­
"" ,----- "-"Aclorry 

I 

PH"" 3.60 

3.50 

4 

- ----. 
-­

, --I~ ----­-I<£OUCING SVG"'fR!.5 
3 

I 

.30 32 36 40 SO 60 70 80 
I TCMPERATUI2£ (OF:) 

FJGlYllE 10.--- COlllpositiOIl of B(·ih· pe/lcl\l's when ripened l~t various temperatures, 
I !J32. Btmight Iillcs )'l'P)'PS\'"{ eOlllposil iOIl wLH'1I I'toI"(·d. Fruit held at yariuus 
tt'mpeJ:ll.tul'(·s Il~ follows: HOo I.'. fol' 3 day", 70° fo)' ·1 days, GOo fol' 7 days, 50" 
for .14 days, 02" and oOu ful' 21 days (hmkt'J.) Jincs) alld 2 days at .700 (solid 
lines). 

http:r-----4.00


17 

18 

EF,,'};CT OF ;-;TOHAGE TE:-'fPEIUTt:HES ox PJo~A('.HE;-; 

I /~ 
t, 17 

'/ ~\ /16 

'-\ -1- //' 
']IilY WEltiHT"'f __ 15 \ / V . 

I 

14 \ L 
I 

13 


.... 12 


~ I 
\tJ1I 
~ / 

pH 
~/O 

L 
A 00I- I Il: 

I/) ~ /7c4 \ _I. ·7CmrlL SUG"'}~
~ 9 3.

""- .../ i !~ I I 
I 

~ 
.n.a ,!-...., ToTAL ACIDr.;~IO)-

.... 7 ,... I· 
,./ 

, 


<: )<.:\ ~:'/ 

i.........
14J6 

~ 
u ~ ~/PH ~ ~ 
~s "- SUC~OSE 

..- r'le£DI.ICIN6 SI.ICiAR.13,.1 

I ­
4 

7, "­ -
3 

,2 

I II !
I i 

36 40 SO 603'F32 TEr-1PEQATUR.£ (";:) 

/
;' 3.80 

,-

J.70 

- ./ 

[7 
J. 

I 
I 
! 
70 80 
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FIG'URE 12."- Composition of .J. H. Hule peaches when ripened at various tempera­
tures, 1932. Straight lines repreSl'I1t composition whell stored. Fruit held at 
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relatively low concentrations of pectm in green or shipping-ripe 
peaches in which the average pressure test ranged from 7.1 to 15.2 
pounds. When ripened at either 70° or 50° the soluble pectin had 
greatly increased and averaged over three times as much as at harvest. 
This relationship is in agreement with that found by Appleman and 
Conrad (1). 

T ABL,E 5.-Firm1I,es8 and pectin content of peaches at harvest when r£pened at 70° 
and 50° P., 1933 

[Pectin expres""d us lJ1illib'l'ams 01 calcium pectate per 100 rn!. 01 Juice] 

l'ectin when rlpened 
at temperature andPressure test at Pectin at harvest lor number 01 daysharvest shown in parenthe­

\'ariety ses 

('reen iShipPing!- Urecn Shri11.J~llg 70° F. 50° F.'rtpe I .... 

_____________ 1___._.' ____ •_______,___, ___ 

, ,.lfilli· .lfilli· Milli· 

Carman......... ". , -I', POUlld_'•• POlt1l9i~.H, v_nt,m,'"" •• j' ura4~_,l,.04 "r~{iU;~I':'8 u
ra

"... 

New Jersey 66-22•.• , (5) 166.3 (10)'189.2
Ne,,' Jersey 127-22... 
Hiley. ___ " __ ' ..... .. iiX l~:~ I, ,43:8' ~j ~~l ~n:::::: 
Slappe}·. __ ~ .... ,_. ___ . ' , --.. 11. 41 .. ' , , 52.0 (5) 179. 2 ..... 
Champion..... ,., ", 13.3 11.6 34.0 51.0 (3) 111.0 ______ .. 
EnrlY Crawford. _, , 9.9 • 47.4. 

> Belle................ _, , 13 8 'I' '" 10? 5 '(7)'272~9' (2i)'a030

Elberta.......... .. 


Do ......... .. 
 14.7 •.. ··12:3-:: ::::::: 1ifg (i2n3i~ii' <iii) i5.~, ii 
J.H. Hale....... .. ... 15.2 I .... 35.2 (4) 155.1 (15) 144.:1 
Augbert (Roberta)_ I 5,3 12.1'- I 219,'Ii' 108.9 • (3) t 242.4 
Late Crawford . --. 13.91'---, --- SO. 3 1 (6) 341.0 

--t~.-:- '~--08.6 ---2-18-.2-1;--'-1-,9-80 

--------~-.~---.-------------'--------

1 l-~irlll ripe fruit. 

CATALASE A{'''l'lV1TY 

The catalase activity of Elberta and J. H. Hale peaches was deter­
mined in 1933 during storage at 32° and 40° F. and when ripened at 
70°. The results are shown in figure 13. The catalase activity is 
expressed aR the total milliliters of oJ.:ygen evolved in 20 minutes. 
The curves for the two varieties are similar. The catalase Ilctivity 
at harvest \\'as 7.1 amI 5.8 mI. of o}""Ygen for Elberta and J. H. Hale, 
respectively. It increased slightly with immediate ripening at 70°. 
At 82° and 40° there was little or no change during the first week, 
but thpre was a mill·ked increase during the second week, particularly 
at 40°. AftN 2 to 5 weeks in storage the activity was considerably 
higher at 40° than at 32°. After the second week the activity at 32° 
gradul1]ly decreased, and by the fifth week it was as low as or slightly 
lower than at harvest, wl\('reas at 40° it was still considerably above the 
aetivity at harvest. There was no apparent reltttioJl between catulu,se 
activity and development of internal break-down. Break-down was 
not associated with low catalase activity, as tilt' activity WHS low !Lt 
harvest, at which time the fruit ripened normally at 70°. Neither 
Wils it ussociated with high activity, us the muximllm was attained 
gelwntUy aftN 2 weeks at 40° and 32°, yot the fruit ripened without 
break-doWIl nt this time. 

http:ura4~_,l,.04
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RELATION OF TEMP.ERATURE TO STORAGf: QUALI1'Y 

The condition of the fruit after stol'age is show:n in tables 6 to g. 
The amount of decay thnt develops on pea('hes after harvest may 

~ 

~ I 

:> 
~16 

~ 
0/6 
~ 


~/4 


141 , 
~4 
..J I 
~ I ,- I 
u 
'{z 

A I \ 
( 

; 

I I i 

0 s /0 /5 20 25 30 3S 


TIME IN STOR.AGE (DAYS) 
 ( 

I 

,i 1 
, 

... 

.; 

val')' grelltly, dep('nding on w('athor conditions during th(' growing 
ILlld IHlrvest SCilSOII. In J9:5 I !lud J933 (tnbles 7 I1nd fJ) considerable 
dl>(,u,y (primnrily browJl rot) dcyploped Oil the fruit, wJ.erNlS in 1930 
lind 1902 (tables () and 8) J'elnth'ely little decny was present. On the 

.. 
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other hnnd, the fruit was considerably morp sllsceptible to internal 
break-down in 1932 than in 1931 (tabIC'57 and S). 

TABU; 6.-· Effect of storage time and tempcrai.1rre on ri7Je1ting and qualit1l ()f penches, 
19S() 

Condition lind ,ll'5sert 
qnnlity!Yarioty 

Full ripe; yery good.» 
Full ripe; good to wry

('armnn. '" goon.
Do. 

Full riPt'; ~ood. 
Full ril"'; goorl to wry

,.wort 
Yull ripo; ~o.. " to sli~htly 
~our. 

Do. 
Full ripr; fnirly good to 
~ood. 

Ripr to slightly ~r!'('n; 
good to slil!htly hitt!'r. 

Full ripe; 1'00<110 slightly
Elherta•.•••.. hittt'r. 

.\ Fulldp(·. good. 

; <ioo;{o. 
i Full rip!'; YrrY.'!ond. 

Do. 
J. Il. Halo D". 

Full ripe; f(onG. 
~li1!ht1r ""-f'l'rip('~ gonrL 

t Xo hrN\h.-rlown W3';; (ulPtd 111 auy lot. 

TAlll_E 7. bJJcr[ of ,s/oragr /i1ll(, and /nnptTa/urr 01/ ri7)elltn,(l lInd qua/iill of pmrhes, 
lfJdl 

~tnrn~I' 

J)~lY~ ~ f l J (' ". ~ . ._!
: • . at ;>oum] I. D""lIY II r uk !, lIm r I 
i 1t'n.· , 711" F.: rlft\\Il, 1Il1! i 
~ lll'ra~ : I'"),'" 
} tun' : I 

OF :['"rent :1'rrrr11t 11','rl'.r1'1 ; /)(rrrnl I/'r1rt" Itt,;, I I), HI I II i 22 I, Fairly gll",l; hitter.
-;£1 . 7 ,'-'2 : :r: n l 11 i II \'ery ~()n'l. 
till I Ii ~1 ' " II j n II no. 
,~, 14 
,\II 1·1 4 I .r. i :'1 I g! g I ::: (lnOWo~19L 

C'arman. ~. :lti 14 4 I ~~ I J;J I " II r. Dood; sJichily hitt.er, 
3" 14 4 , n, 3;\ n I 0 11 I \'rrv!(fl()(I.
:1Il I~ l 4 I 1k :l>l i IS {l [J j flood; ~lightl> hitter. 
4(1 21 
3G 21 ~ I '9 i:: I ;:: I (~: 11 r.:~l~.(O poor. 
3" 21 a >l.j"!.I f3, 4 Gooet tn v(lry good. 
RO !i 33 r.; n II t n Fnil'; l'Ughtlr hitter.,0 Ii 45 h5 0 0 fi Oonl! til H~ry goml. 
60 Ii ,:; 2., 0 1'1 J n flood (0 ,-ern(''''''; ,]ightl\'

biw·r. . 
50 17 17 51l () II) n \'rry poor; SOllT. olf 11,,\ IIr 
411 l-I 2 611 31 ('l ' Poor; menly; (Jul. 
an 14 3 I 42 57 r.) Fnir to ponr;,lichtly IIIrnly;I 
W' 14 31 fin ,10 1 Il (OJ () F~i~tt() good; SOlll', 
an 14 3 n ; H~) ri 

:12 !!I ;] ,16 04 1;'air to poor. 
so :1 i 'I 9;] 7 '1 0 1, () Goo,1 \0 fair; slightly ROllT 

nut! hiUt'r. 
7() :J I Ii llIl 1 I (J () () Do. 
fiO ,f ; II~I 0 0 0 0 D(). 

fiO 10' 1 (1Il 3 0 0 1 !l,w" [0 fllir; "'lIr nnrl hit· 


t('r~
J, 80 JO 0 0 J·oor\,(}fllir;SUllr;I)IfJIM·ur. 

:5ec foutDVlt'S lit <'lid of table. 
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TABIJE 7.- ~ Effect oj storag/, Ii-me an.d temperatnrc on rlpening and q1lality of peaches, 
lOBI-Continued 

sto~:;--= ~.~ -~ 1. ,Iii Break-l:shrh'~l-I' - ---- ­

, TNIl.! _ ~t • , "oun<1 1 ))'" a) down inl!"' Soli l)\'~:;I'rt qnality 
pprn. Days ,0 J<. t I 
Illn' t ii j;
--\--1- ;----:---.,-- '-,

0,... I I (1)t'fCC'llt j [,,,,(tllt P(T(.'('Ttf!t Percent jPrrrcni
40 )5 i) fiO ~n n (", 0 Poor; sour and hilt~r. 
~f> ).1 70 30 () I," Do. 
32 	 1.; I r. 72 2.1 n (') 

I ()
3 Fair; Jackin!! flow)r. 

:111 	 15 5 53 41 (II 6 (~, n Do.
Elberta _ 4(1 22 2 SS 12 (" (o'l! 0 Poor; off flanlr. < 
or, '.!"l 2 96 4 ('I ~ ,~".. 0 Poor; l!\ckin~ IInYllr. 


:$2 22! 2 99 0 (I (Jl 1 I Fair to poor; loC'kinl!' fla,'or. 

;jO 22 41 7 152 !1 T'oor; 01T flavor. 

so " I 87 13 0 0 II j flood to wry vowl ; 'WPC'I;• ~~mM,I, ~ 28 \I Do_72 0 0 
nn;l 7~ 2; Don noorl to v(~rr ~nod~ jUif'Y; 

! sweet to sli)!htl)' arilL 
;,11 " I ~i 13 0 Ion (lond;. slightly <our and

lorkmg flavor, 
; i~, 15 I,. -,·,-),,-1---- ' IFair; ,our; lint o\'('rripo.

,tn 14 I~'~2 a 0 , Fair 10 poor: ~our; hit ll'r:. I oIT flayor, 
J. B. HaIr ;If 14 ( '!\J"I 0 I 0 I (J Fair; ,lightlv SOllr an. I 

) 	 ,ligotly 01T Oa,'ur.I,12: 14 1 .'>3 i 4, 0 0 (j Good;!'wrN tl)sli~htlnollr; 
I 'Ii~htly larkin" /lo, nr. 

',11I; H 4 1 4~ ; ,,2 0 \l n Do, 
I -\II 21 " I 44 I 5f> (I" 000 I 0 Poor; sonr to lIat; ntf tlnvor. 

;1'\ :Jr, 21 4 :1I fiO ,,, 1 n Poor; lIat; mea1)-; off On ynr.
:\2 21 4 ,n fig ,m 0 Fair to poor; sli!!htlr <ollr; 

I \ larkin" fio ,·or.
;{\,' 21 " ;1\1 .n (l I 0 \ 0 B'nir to ~ood; l'1i"lttly In('k-I ing- in fla"Qr_ 

' 

Fnll.Nl. • Cnnl'id,'rnblr. 
, lnripll·nt. 'Mealy, 
1 Sli~ht to batl, • Sli~hi rtil't'oloration. 

I Yprv bad. 1" Soml' aI'prar ,Ieart at. pit. 

I sonic at pit. ;! ~omr. 


·';]ight. :1 Fo"·. 


T \IlL~; R, EjJrd 0/ !</orage {hllc miff trmprratllr! on ripening and quality oj peaches, 

1.'1/'1] 


-----.--,---~-----------

l)ny~ 
111~ Break-. Shrl\'rl-III 	 Ripeness Dcs..~rt qun.Ii'yYllrirty iOaTrm- my ouwn in~ 


twr. ; Utly_ F 

atllrr 

Prr· 	 Per- Prr,.. 
OF, ff'1li cent (rnt 


j 'iO a 
 HX, 0 Xonr RIll(' .- (;"od; <lightly SOllr. 
I ;0 ~ I 0 100 ~: ! 0 ,do ~ I Ril'~. tingr Good; <;;onr. 

'.Vfrcn. 
'iO ~ 0 11)() 0 ~ 'to, ~ do. '! Ooad; slightly >our.0 d()~ 


50 II 
 0 100 0 0 .do, . _ Firut, ripr.- to FR~r to l)oor; Four; otI 

~Il~ht.lrl /la\'or. 

\U'l'f"ll. , 


Ii 0 100 0 0 .do~_ .. Rip". yellow I Poor: ott flavor. 

4050j 14 2 &1 0 Ii do, RIpe. __ .... 'I Poor: dry and mealy, 


{'urman. __ 36 14 4 76 0 [4 do,. Boll rill('. ,_ .\ fair; bitt.'r .n~ar pit. 

3~ , 	 14 4 92 4 '\ ,rlo Ripe_ .. ,"_. Gond to ruir; ~lightly .- ; biltvr near pit. 

14. 100 0 a do, Hipe. tinge Oood; Yrry slightly 
I "rrrll. I bitter.

I 
:101 	

!I 
40 ! 	 21 0 1),1 37 ' tlo, i .Poor; mealy and dry. 

21 4 'l 94 .. do 
32 21 4 j'~1 ! IQ do Ripe, ting~-! Fair: rather sour. 

I green,
w! 96 \ do .. firm rip<.' __ • Do. 

3°1 
21 	 0 

.. 
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TADl,E S.-Effect of stor(lge time and "lIIperal'lLTC on n:pcning and quality (\f 7JC(/chcs, 
198: -ColltinllNI 

Yaricty 	 I)l'&"<'rl. quality 

_____~ __ '_____ •____ 1__.... ______ \_________ 

, I Per- Per- I per-I 
.0 P. i 1 cent CCIlI I rent l 

~ 2 1..____/ "~ 2 I) ~/)n~..__1 }'i 111 rip,'. (i()uti ... 
Good; swe~t.; jui('y.! ~Z :. 1\:::::: ~~ ~ [i ~ .. ' 3~:'" li~~:~' iinir Good.

I, 

ro.,?) lOr, •....·1 g~.~S} 18 0 ':',1° .. Hip~ ...... ____ Do. 
" , "'1 0 .'10 Firm ri~..__ • ~·air;sli"htly()f[nn\·UI·. 
• ii(\ ~~;:::'3'1 ;1:1 ~ 4~ '3:: Hi~.. Poor;off/1nYllr. 

J~ ! f 3 i ri 26 0 I do .. ~~ ~~~rl~o pllor. 
:t2 , 3 i S..1 13 -1 lin fit ! \~(lry (!Clod. 

:lg; ~221' ~ 1~ ~ ~~ ~o(t{I() f~~?'poor; 1J)(,1I1~'; "Iflr 
I 	 ~~ 

: :W J 14 10 12 78 !.. dO..... , .. .,dO......... I' Do. 
I 32 14 SS i 2 IIO j...do..... : Firm rip~..... Vnir to poor; dry; 'a(·k·I I I I in" /1a,or.
t :10 14 2 t., 90 i 0 14 11 ...do..... ,....--dO.......-- Fair; sli~htly Ju:cy;

"l lacking flayor. 

~ ,.. ".1 100: a 0 Bnd..... ' Firm ripe' .••••1 Foir to I'0od; sli"htly 
I 1 I ' ~our and hitlrr. 

70 1 7 ...... , 100; G 01 ::-;one ____ '.• _ ..do,,_.____ Fair to good; ~lighlly 

I 

sour and n5trjn~~nt. 


no ' 10 ._ .... j gil ' o do... __ '_ ..do......... Fair; rath(,T :;our.

50' 14 91 I o .. rio.... _ do.. poor; off fin,or.

40 ! "T\ RO no. .,.___ do Fllir; Flightly bitt~r. 

3n 51 8(1 2 .rlo Firm... ...... Fair; sour IInrl slightly 


hitt~r. 
I, 3:! 5 or. (I dB., . do Fllir; ~lightly SOllr. 

3U 7 98 o . do... ..... do . Do• 
Elbcrin..---J\ 40 14 ~I 87 Il ..dn. __ ._ ... Fuir to poor; "lightlyRip~ 

m~nly, som, nnd hit·
i ter. 

14 o 18 ! ...do... Fair; slightly lIJ~ul~'. 
H a a '..do. Fair to l'ood; slightly 

sour. 
30 H 	 , 2 do .• ' .Firm. Fair; sour. 
40 21 6!1 do.. Rip~ Yery poor; hitU'r, oli'1~ I Ua,or. 

~l I 3 1)0 do. ""jrrll . . _ ._ \"pry poor.
!!T' 3 r. '. d(L .Firm rip~. Poor; sour and bitter• 
21 3 '13 ,...do. Finn Do. ~ j 
~ o O· Blight.. mIl<'. y~llnw. Good; sweet; jUicY.

2 0: Xonr . .. do Do. 
r, o o i_do Firm rip(· Do. 

1(11 	 a o _no .. do Pnor to fair; 01T nl\~or; 
slightly sour. 

du. otf 
Usmr. 

1:1 !...... !!O la o ... do.... 1_ I'oor; juicy hut 

J.I 3 73 23 .. _do.. Hir(~ .. i Fair: -lightly lJ1('sl,'
and SOUf. 

14 3 o 8 . do do.. Fair to good; sli"htly
menly.1.11. Hnle. J.I JIM' o o do.. do. Good; JuiGY Hud (ajrly 
S\\'('rt.

14 dn .firm rip(\ }'nirly good; rlllh~r 
sour. 

21 II 22 781-- do 
21 II In '!4! dn. ~(j "xt.ernnl e"ld~nc~ of 

hr~nk·dowll. 
21 1/ 4 I--.do Firw rl\.'p Fai.r to good; .lightly 

~f)ur: lacking flnvor. 
30 21 : IJ(] 10 i do tin Flm; mther inl" and 

Inckill~ flavorI 
<Slight. 
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TABLE 9.-- Effect of storaf,c time (l.nd temperature on ripening (I.nd quality of 7Jeaclu:s, 
1938 

:4torage 

1----,-- Dnysl 
I 

I 
!le· .Brenk·, 8hrh'el- Dessert quulity IVariety 	 Tern.,' 1_ ~t IRound! C-llY flown' inc 


perno Dnys 1,0 F' I 


ture 	

--i~---
Pl'r- Per· Per· 	 i 

rrnl 	 IrC~i l relll 
II Xone :'oft ripc_ '.1 Oood; sli!:htly SOIlr. 

01 1~ I 150 do d" Fair: mealr anrl lack· - --l°~·'S I.~-" 1O~ th1\'or. 
81 10 o ~light_ I Fnir to I'oorl; sli!rhtly ('urllllllL . 32! 1·1 :tiOHr,

I 
111 21 01 fill .rlo \"cry poor; mealy; off 

Oavor. 
fill :l7 II ~·.:m~ht . rio Fnir. 

I • 

; ~g I 21 I ~ I 33 I (I :\'on(lo Finn rip{\ Oood: juicy: ,lightly 
"i()1lr. 

,,0 I 21 I ..1 1I~ 21 n ,nn~ to :'oft ripo Poor; ofT flavoL 

67 

,li~hl 
·111 21 82 o 1~ Xlln~ J·'irm ripf' Fair to poor; Im:mly; 

I"('k in!!: fia \"Or.14\ 
32 H 100 o :'\C!JW to Firm to full !looll to fuir; jllil'Y; 

sligh I , rht"\. slightly larking nn·Belle i Yor. 
10 fill o ~nft ripl' 1'00r; mellly; ltl<'kill1: 

21 ! f1a\'or, 
21 o o i .. rlo ..J(XI ~nrt to firm Ooon; jui('y; :-owcct. 

i , rlpl.' 
281 2 42 ~ I 50 i do Firm rill(' Fnir to poor; IJwal:r; 

l"cking flnvor. 
3 111 : ~I J II! ,In Firm to rilm 	 \'cry goolLin I" 

Iii' : ,of I 	 Finn j Fnir tn poor; jui('Y;.ill : n 2fi 1 n 1"OIl!' In
1 ,light. ,lightly off flaYor. 

_I no 1 ;-;:mw Firmripc_._ I I·'air; sour; lnckin~
'! f1IlYl)r. _ 
, 

1 
I 1;2 . II .'\011r to _••do.. Cloorl: slightly sour. 

,li~ht . 
14 ~OllP Jo'"irrll ripe to Fnir to poor; rJH'uly; on 

filII rip(', On\'OT_Elbert. 
II Firm 10 hnrll Oood; juj(·y; slight]y14 	 ~r1n 

ripe. SOUT. 
Hi do .,1 Firm ript'. Ooad; juicy; "lightlyn~ hittl'r 

,16 40 110. do. PonT; mealy; IUl'king1 

f1a\·or. 
~nrl rip<, Fnir; juicy; sour.Xmw 10 

,light. 
iO I 

() Xon~ d(l flo",l; juicy; sweet (0). 
10 all do do Fnir to good: Jllekin!! 

1 Ou\'or (Fl. 
:12 I II _do._ Full rip{\ \"pry gCtod; iti)C'Y; 

sweet (0).
N.J.!~722 do .. ~ . . do \~cry p-oocl; juicy:6 0·1:J2 \ swoct (F); ,lighlly 

ofT /Javor. 
Ii 18 .<In _. ~(}rt riJIP {l00<1; juicy; sweet (F).() I 

·1 >il Hi 0, _do Finn ripp {lood; juit·y (Fl. 
5 :lI 63 o i 110..... Firm ripe to \..~rr v:ood. 

full rill('. 
15 ".M 43 fi7 0 .. _.,10•. Finn Til'" Poor; olT /Ja\'or. 

7 ; 56 : 44 o i•..do_. do l'nir to ~ood; jlli(;y; 
C:1ir!\' S\\'PC't. 

04 o !.. 1111 I,'jrlll rip(~ to I'llir; jilit-~; fairl) sweet. 
hnrd ri[w.J. ll. llu1<' 

411 	 : 11 46 0'-. 110_ 'Firlll to hnrd Fnir; juicy; slightly 
ripp. Mid.I

32 • 11 14 o elo_ ~10rHl: \·l'r~t juicY'. 
4~ 20 3:17 rio FlliT to poor; slightly 

IlIPnly; \tl('kltlj( fll,,'or 
21 o Fair to good; slightl\' 

21 

U 1 neitl: Incking Oll\'or'­

::icC' fonlnot!'H al !'IIe1 of tub"!. 
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TABLE 9.-' Effect oj storage time and temperature 011 ripening and quality oj peaches, 
1988-~CoJ\tiJ\ul'd 

~torage 
_____ Dnys' 

De· Brenk· Shrivel·Variety , Tern·, 'O~tF.:Sound ~ay down' in~ Hipeness Dessert Quality 1 

pera· Days
turf,) 

---- --- ~-- --- ---,.~~ 

Pu- Pa- PeT­
-Po unt rnu' UTII
• 	 70 ' G ~ 9S 2 j II ~"'or}p (\'0). 

r~1 14 99 1, 0 ,10.. Full rip,;' f'lightly off /byor; (F, 
off fin'·or). ). 40 H .;2 3: ~ 45 i do.... Fair to good; lfl("killg 

i 

3' _tlo. ____ ~ 


IInl'or ,F).

N. J. 66-22. ;,2 H 5: 100 of 0 '10.•.• do•.... Ooor!; jllicy; sollr (0).

40 21 2 :,2 0: ,~ . 	 do.... ! .flo..... Pour: 1I1f'!lly; In('king 
lIu,'or (Pl.

32 21 3 llXI n 'f 0, <10...... ; do........ Oood; juiry; slightly[ sour' el),
:!2 35 1I~1 11: 0 '10.••.•• .'10........: nood; juiry 10 Slightly 

~ IIlNlly IPI. 
70 ,,0 20 (J 	 do. Full rjpl', •.• OOod io ,orry g:ood.r.o 	 12 I ~\) II 0 ~H!Iht "to Finn ripp____ Poor, 

TU(111 i ..! urn. " 	 40 141 4 ! S3 17 d) ;':Ii"hf Fu11"illO .... F"jr to poor; ~light1y 
JlH'!lly: niT flavor.

H2 : 141 b I 55 45 	 H 'on(..~.~._ FJfJ!l to h:1Ttl Fair; jllic'y; 5ut1r~
HiJey••_••••• . Tipp,

40 21 ; 31 fiG 28~ d(J~_,_~~ }'-"inn to soft. Poor; llwuly; 1'l('kiuV 
flH\"Of• 

32 ' 21 ,; S·) IS' II .~li!.!ht 10 FuJI rip,· .. Jt~:lir. 
1ll(·t1i­• llIll. 

4U : 2& 3 j 21 :!5 44 XOlU' Fir.lI rill(>. Poor. 

:!2 28, 4 i3 Jg " ~ont· 1lI Firm to hurd Fuir to poor: lIn":
) 	 ~ 

'tiJ!ht. rirJ!'. lh.1\,ur](·s;;;.
j'(} 51 94 n I) :\'ont~ {lood; jui~y; '1i~1l!1;'

<;our
4\1 21 4l 'is Hi 10 	 do __ HipI' Fair: ,lightly llIN.ly; 

Slappey...... ."'gllll;- 0!I fi'lYor.
:12 21 4 : III :1 II :'Iight HiJl('lhfinu __ (jowl; jnir'y; ~W(ll)L
4U 2ii -I I 78 9 'J:l '\f(·,litun Full rill(' Poor; mPHly; "011r: off 

Ih\'of. 
:12 2&' 9751 11 ~r!"liul11 	 jlo Filir I .. poor: 'lightly31 tn h",l. suur; ,li~h'ly (,11' fin· 

·41 
I , 	 Yor,

70 ' ....1 81 )9 j n XOlW_ ...._~, FuJI ritu.· to (iOCHl (n)~ 
tiUj!('J,!f{,{'O.

:"J ' 16 ' fiT :l.1 n Xonl' to Firm Poor~ fIry: olf fb\'OT'" full, ··1 .'li!Ihl • ripp, (1".
40 14 : 3 I n:l 30 -, );011(>..... Firm TiJ)(1 Fair to poor: sli~hlly

Champion. HII·"I),; In~king Iluvor
:12 14 Ii j 49 [.J II do. r"~ .do.•••.• Fnir to. {rood; Jui(') 

(VI: r:urty [o;WPC't.
40 	 !?:{ j 2 ;..s 42 "l Xom' til Virlll._ Poor; mealy; lacking

,1i£1.t. n'l"()f (P·P).
32 	 2:l 5< .54 .if} !J !'Jigh1 t .. J{ipl' '100t1: juiry; ~we(lt. 

b"d. IF). 

71l l,i 74 IS ." XOIH' :,oft ripl' \'('f!> !!oOll i\~c:n. 
50 14 ~5 IIi 0 ~()ll(' to Firm \0 full I'nir;slll.'h'ly nfT (llll or 

slight. rilit'. 
~ 40 3 !J2 S II Xom· Full ripe to Good; Jnwy ((1 \; ".!llr. 

/lrm rlIN' . 
32 7 :l 117 3 0 . 110. do Vc.'rv J,:oc)ll~ juil'\" f VO)' 

I'arl;' ('rnw· slil!htly ~nur . 
fOff!. 40 14 72 2ii 0 .do full ript· Fair: 'Ii~htl)' 1111",])';

lm'kln!: fll"or ,F •.a·' 14 1>, 12. 0 .. do. Firm rilll' to F'HIr tu qoorf l fl·· 0);
lull rip". juh'Y; hirly swppt.

40 21 2 40 10 I 32 • do .. (!o Fair 10 poor; slil.'llIly 
meu~y, lU('king flavor 
;1'.1',.

:t! 21 a U6 j 41 0\ . d .. f·'irm Fair tll I!uod; ,Jj"J,tly 
hill"rHlul 501lf( F 0) 

Hi'«- fuofuolP... al nlu of IlIh)p• 

.. 


I 
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TABLE 9.-Effect of storage time and temperature on ripening and quality of peaches, 
1935-Contillued 

) 1 I I , 

i- St()~gC DIlYsI 'De. iBreak': iShrivel· 

Vllriety l'l'em'i 

II ~t Sound, cay i down I ing I Ripelles~ Dessert. QUality I 


ipers· Days 70 F. I I 

----I~~I--,--- - - --!---1 I----,'jl------- ­

t ~ ,; I 
I I 1Pfr- PeT- Per- J I 
1 f' l ; ce1lt c('nt ~ cent : IQ Iil iO I··-'"·i 4: 2.1 i" ',-- •• __ 1,_ dO. ___.'! Firm riPe·_··1 V<orygood (0).

40: ;, 4 32 1i8 1___ •__ •1__ <10_ ••••• 1 Full ripr •.. _. Very good (0); juicy;
I 1 

, I swc,'l (F).I'! 321 7, 3' 72 28 l ____ .. ____ rio. ___ i. __ ~_do____ ~~ __ V('ry good; juicy; SWP(lt. 

! ' : I , (O-F), ,
A~~gi(RO'1 40' 14 I' 69 221 9 ,<lO_", .. ,.... ,dO ___ ' __ '1 Poor; dry (P-F). 


. 32 14 a 1 fi7 -Ia 0 NOJ~e Lo 1 Firm rilw to Very good; swe~t; jlli('y

I 40 I Slight. i son ripe. (F).


21 iii: f>l I' 331- ,do__ ., Raft rip" ___ .. 1 l'oor; mealy; Inckin!! 

': !layor (P).

32 21 3 i 62 i 38 0 i-- do._, .. [ Firm r!pc .. __ Good;juicy;.swc,:t (T").
70 m' 39 I 0 I Nonc. __ .. Han1 rlpe._ -- Good to fnlr; slightly6 1 

sour nnd nstring(lnt, 
I (Gl.

40 ; i 4 78 221 0 i---Ilo.-.---: Firm ripe. ___ Good; juicy; swept toI 

slightly Acid (F).
32 i 7 I 70: 24 0 I__ .do____ ~_, Hard tn firm i Vl'fY goo<i;jIJicy; sw('~t 


! ripe. I (G-F).

40 14 ' 2 ' ifi 21 j 3 4 :-~_d{)~-"---i Firm TipC' •• __ j Fair; sli~htl)t Ull'uly; 


Late ('rnw- I ! lacking !lavor (F-1').
t 32 : 14 -I 2; i o !__do ________ .do --- .• <-1 V('ryt!ood:jllit~y;sli~ht· 
: I Iy Jlstring('nt. (0).

40 • 2:1 2 47 i o ,._.uo_...__ I' _____ dO' ____ •.1 Poor; slightly TIl"nly; 
, sour and ofT fln\'or 

ford. 

i . I (Pl.
:12 23 8fi 15 j o :__ ..do_____ ... __ .... vdo •. " __ ._ Vl~r:rgoodijllicy;s\\-·(.et 

',",' l' 5< " I' I ' I' (Fl. I T40 ! :!II - ~ I ". :__ .uo._____ --...( 0 I oor, I1WO Y; III flavor 
, (Pl. 

I32 28 91: g: 0 1___ do_____ .. L__ ~.do_~~, ___ I F~ir; fairly juicy.; luck­
; I ingnn\or(~'-P) . 

.----~----~--- ,----~---------

1 Leth'rs in j)!lfl'ntil('st's n'fl~r to frozl'n-J"lCk sUHlph's~ () =!!:ooci, V=fllir, P=POOf, V =\·cry. 

2 rncipj~ut. 3Blight. .f 'Pracf\ in few. 50 Vl1ry slight. I} 'Prnl'l' ill some. 


The growth mte of brown rot (Sclel'otinia fl'ucticoln (Wint.) Rebn) 
at difl'erent temperatures has been studied by Brooks and Cooley 
(3, 4,), They found that the growth rate increased greatly with iu­
creased temperatures, with the maximum raLe on peaches at about. 
25° C. (77° F.). The rate dropped off rapidly up to 30° C. (86° F.), 
and growth of the fungus WfiS practically inhibited at 35° C. (95° F.). 
The highest tempemture (80° F.) used in the storage investigations 
reported herein should therefore be most favorable for the growth of 
hrown rot. 

At most temperatures the inspections were not. made aHer n deBnit!' 
time interval but only after the fruit had ripened. At 70° Hnd 80° F., <­
however, the fruit ripened in about the silme length of time, yet the 
percentage of the fruit showing decay avel'llged somewhat higher Ilt 
70° thall at 80°. Althouf;Sh COIl siclerfl ble difference between the two 
temperatures wus found m some instances, the difference:; are not 
consistent, and it seems pro bable that they were due to sampling vnria­
bility or other e:qJerimentnl error. 

The percentage of the fruit showing decll.y in a given length of time 
was reclu('ed, no doubt, by a further lowering of the temperature. 
The ripening of the frllit WIlS !lIso retn,l'ded, so thut by the time the fruit 
was ripe ILt 60° and 50° F. tllcrc WllS gCllCrally IlS much deeay as at the 
higher temperatures. Here Ilgllin there WIIS considerable variability 

http:Vl~r:rgoodijllicy;s\\-�(.et
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in the different lots with no consistent trend to indicate that the differ­
ences were dgnificant. Some of the variability was probably dne to 
(lifferences in the maturity of the fruit at the different temperatures 
when the fruit was inspected. 

At. 40° to 30° F. the fruit did not ripen, and it was transferred to a 
higher temperature. (70°) for ripening. Although little or no decay 
developed at the low temperatures, by the time the fruit had ripened 
at 70° there was generally as much decay as ",..jth immediate ripening 
at 70°. There was no consistent difference in the amount of decav 
that developed at 70° after storage at the different low temperatures. 

Internal break-uown of peaches has been described previously (14) 
and may consist of excessive. mealiness without discoloration or of a 
water-soaked I1ppearance near the pit followed by browning of the 
flesh 11m] mealiness. At 80°, 70°, and 60° F. the peaches ripened 
normally, and although some ber-ame soft from overripeness, no typical 
break-down developed. At 50° the flesh was not discolored, but in 
some instances it became mealy and dry and did not ripen to a soft, 
juiey condition. This, together with the off-flavor that frequently 
deyeloped at this temperature, indicllted abnormal ripening. 

At 40° and 36° F. the fruit generally softened slowly but did not 
hecome eating ripe before int('rnal break-dm'lll developed. It was 
necC'ssnry, therefore, to ripen tile fruit at higher temperatures, und 70° 
WitS used for this purpose. After 3 to 4 weeks at 30° and 40° internal 
break-down was genemlly apparent; after shorter. intervals of 2 to 3 
weeks at these temperatm'es the fruit was frequently sound when trans­
ferred to the higher tempernture but developed internal break-down 
when exposed to the ripening temperature of 70°. 

At 32° F. thC' fruit did not develop break-down until considerably 
later than at 36° and 40°, and it ripened to a soft, juicy condition at 
70° for 1 to 3 weeks lifter it failed to ripen satisfactorily from 36° and 
40°. 

At 30° F. f1'C'ozing injury oceUl'l'E'd in Rome lots. vVhE'n freC'zing 
injury did llot occur, the results were similnr to those on poaches stored 
at 32°. 

ThC'se results agreC' with those reported by Davies et a1. (7) for 
penches under South African conditions. They found that Peregrine 
and Elberta and other varieties of peaches developed break-down 
earlier when stored at 37° and 34° F. thun when stored at ? 1°, and 
that the dessert quality wus maintuined longer at the lower tempel'll­
ture. They observed that peuches held at 45° did not develop 
brC'ak-down, but that when thev were· ripened ut this temperature the 
flavor was not so good I1S when~ ripened at 65°. 

Davies et al. (6) and Yan der Plank nml Davies (22) found u. similar 
rC'iation between tC'mperaturc and break-down of plums. They re­
ported a maximum low temperature injury lit intermediate tC'mperl1­
tUl'es of 37° and 40° F. 

REI.ATION o~' TEMI'~:RATunE TO DESSEItT QVAJ.I'l'Y 

The dessert qUfllity of til(' peflehes was jlldgC'd by tasting the fruit 
when it beeame ripe under the variolls storage condit.ions. Direct 
comparisons of the rela,tive quality of the fruit upon ripening could not 
he made in this way, as the fl'uit became rip<' at difrerent times under 
the various COllditioIlS. III order to be abl<' to compnre the fhwor 
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directly, samples of the fruit were frozen in a 50-percent sugar sirup 
in 1933. After the storage season was over these samples were opened 
and direct comparisons were made of their dessert quality. In gen­
eral the ratings given to the different lots by this method agreed very 
well with those given by tasting the fresh fruit. 

At 80°,70°, and 60° F. the peaches rip.:-ned with characteristic peach 
flavor and with good to very good dessel't quality. 'Vhen they were 
ripened at 50°, however, there was a marked decrease in dessert 
quality. Davies et al. (6) observed a similar loss of flavor in plums at 
50° and in peaches (7) at 45°. At 50° t.he fruit. either lacked cha,rac­
teristic peach fla,vor 01' had developed an off-flavor. Likewise at. 40° 
and 36° there, was a, ra,pid loss in dessert quality. After only 1 week 
at these tp,mperatures t.he quality was generally distinet.ly less de­
sirable than upon immedia,te ripening, and after 2 weeks it was pOOl' 
and eit.her lacking in flavor or with an off-flavor. At these tempera­
tures t.he dessert quality was usually tmclesimble, even before int.emal 
break-down was appaI'Emt, and though the fruit often appeared sound 
and normal, it was practically inedible. 

At 32° and 30° F. the loss in. dessert quality was less rapid than a,1; 
36° IlJld 40°, so that. the fruit could be held at the lower tempemtures 
for 1 to 2 wl'cks longer and ripened a,t room temperatm'es with reason­
ably good qUfI,lity. 

These l'csults are not in accord with those of Morris (1.9), who 
reported that under Washington State conditions storage tf'mpera­
tures of 40° amI 50° F. retarded softening but permitted normal 
ripening of matnre fruit, so that good-quality material was drawn -< 
from the storage rooms, whereas 32° stornge seemed to prevent the 
normal ripening ehanges, so that fruit of all stages of matmity a,t 
IwrYest, which softened in such storage, was uniformly of very low 
quality. Morris apPIl.l'ently did not remove the peaches to room 
tempel'a,tures after storage, as would ordinarily occur in comn1Pl'cia.l 
practice, and this mlLy account in part for the lack of accord between 
the results. 

STORAGE LIFE OF I'EACHES 

These results indicate that for ma:-"-1mum stomge life peaches should 
( 

be held at 31 ° to 32° F. The length of storage life varied in clifl'erent 
years. Since it is not possible to preclict whether the senSOll has been 
favorable for long storage, it is generally safe to store the fruit only for 
the shorter periods indicated. 

CUTml1n peaches were held for 3 weeks at 30° to 31° F. in 1930 nnd 
at 32° in 193] a,nd ripened at 70° with good quality and n high per­
centage of sound fruit. In] 932 the Carman peaches were satis­
fac.tory for only 2 weeks' storage a.t 32°; after 3 weeks the1'e was con­
siderable break-down and loss of dessert quality. In 1933 there was 
considerable loss in dessert quality after 3 weeks at 32° and much 
decay developed. Therefore Carman might be held for 2 weeks at 
32° genemlly and for 3 weeks when growing conditions have been 
favorable to good keeping quality. 

Belle kept satisfnctorily in storage at 30° t.o 3] ° If. for 3 weeks in 
1930. In 1931 it developed inferior dessert quality after 3 weeks at 
32° but was satisfactory n.Iter 2 weeks. In 1932 the dessert qUtuity 
deteriorated considerably after 2 weeks at. 32° n.lld slight break-down. 
developed in some of the fruit, whereas in 1933 good dessert n.nd 
storage qualitlY were main.tnined for 3 weeks at this temperature. 

http:distinet.ly
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These results indicate that Belle cun be stored satisfu('torily for 2 
weeks, although tmder favomble growing conditions it .might "be held 
successfully for 3 weeks. 

Elberta kept at 30° to 31 ° F. in 1930 for 4 weeks and ripened with 
good quality but was unsatisfactory alter 5 weeks. In 1931, however, 
there was considerable deterioration in dessert quality eyen after 3 
weeks at 32°, aHhough there was practically no unsotmd fruit at this 
time. Similar results were obtained in 1932 and 1933. Although 
considerable deca~r deyeloped in 1933, it was generully uot so severe 
with ripening after stornge as wit,h inunediute ripening. .Although 
Elbertu peuches may be held for 3 to 4 weeks with a high percentnge 
of sound fruit, the flnvor mn.y deteriorate considernbl~· ill 3 weeks. 
und it is not recommended that. the fruitgell(,l"nlly be ]1(\1<1 more than 
2 to 3 weeks. . " 

With the J. H. Hale YHriet:{ in H130 the dessrrt quality wus still 
good and the percentnge of sound fruit high after 4 weeks n t 30° to 
31 0. In 1931 .considern ble decay deYeloped. being much higher after 
2 and 3 weeks' storng(' than with immedinte ripening, und there wns 
also considerable clepreeintion in d('ssert qunlity uft,er 3 weeks' storage 
at 32°. In 1932 and 1933 the fruit held up w('11 at 32° for 3 weeks. 
The results indicate thnt the mnxinlllm stomg(' life of tbis YHrietv is 
generally a weeks, with 4 weeks possible ullcI'er fnyorablc conditions. 

Results for 1933 (table 9) indicate the l'ensonuble stol'Hge life 0f 
other varieties to be about 3 weeks for Hiley. Shippey. Champion, 
Early Crawford. and Aug-bert (Roherta), nnd 3 to 4 weeks for Late 
Crawford and two New Jersey' crosses, N. ,T. 66-22 and N. J. 127-22 . • 

DISCUSSION 

These results indiellte the importullce of prompt eooling of peuches 
ufter hurvest if UllY eonsiclernble time is to elapsf' before consumption 
of the fruit. If the r('spiratory rate is used ns II mensLlre of the ru tf' of 
ripening, the results indicnte thut ] dny nt 70° F. is nbout equivulent 
to 2 days at 60°. 4 at 50°, 8 ut 40°. or]6 at 32°. The rnte of softening 
was also much more rapid ut 70° and 80° thnn u t the lo\\-er tempera­
t.ures. .Most lots hnd softenNI to 2 pounds prC:'SSUTe oJ' less in 2 to 4 
days Ht 70° and 80°. in 4 to 7 ut 60°, and in 8 to 11 at 50°. At. 40° 
muny of t.he lots did not soften to 2 pounds after :3 weeks. and at 32° 
practically no softening occurred and in some instances tllere was an 
inereuse infirmness. 

Neit.her the respiratory uetivity nor the rat,e of soft.ening, however, 
indicates the length of storage life under all temperature 'conditions. 
The storage life at the low temperatures was not so long as that indi­
cated by either the respiratory rates or the firmness of the fruit, 
because of internal break-doWIl and loss of £invor. At the higher 
temperatures the rate of softening probably indicates the rate of 
ripening more nearly than does the respiratory nctivity. At 70° and 
80° the peaches softened ut neurlv the same rate and became fully 
ripe n,t about the samC:' time, ",he"i'eas the respiratory rate averngec! 
about 40 percent greater at 80° than at 70°. 

Although these results indicate the importaJlce of prompt eooJing 
of the fruit, they also indicate that the cooling should continue if 
possible to 32° F. and not stop between 50° iLnd 36° for uny extended 
holding, since abnormal ripening takes pluce at these latter tempera­
tures. This abnormal ripening is shown by the development of unde­
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sirableflavor at 50° and by the rapid loss of flavor, and the development 
of internal break-down and mealiness at 40° and 36°. These changes 
are associated with a rapid loss of total and active acidity. 

These results indicate thnt it is possible to hold some varieties of 
peaches long enough for e~-port shipment to overseas markets, pro­
vided the fruit is cooled promptly Ilnd held during kansit nt tem­
peratures of 31° to 32° F. Such shipments are made from South 
Africa (7) with n, period in transit of appl'oximnt.ely 24 days. 

The percentagf' of dry weight of the fruit was found to increase 
during storage in some instn.nces and to decrease in others,. vYith 
the high respiratory n,ctiyity obserTed nt the high temperatures there 
would result nIl appre6n ble loss of dry mn.tter, which would t.end to 
lower the percentage of dry weight. At 70° F. t.he uwrnge respira­
t.ory mte of the \T1l.rious lots in 1931 and 1932 wns 78.5 mg. of carbon 
dioxide per kilognun-hour. Assuming thnt the cl1rbo11 dioxide e'-oh-ed 
came from the complete oxidntion of a hexose sugaT, there would be 
n, loss of 0.12 gIll. of sugilr pel' 100 gm. of fresh weight,per day. This 
would be equiyruent to a loss of O)~R pf'I'cent of' thr totnl !l.yerage dry 
wright per da~-, or about 4.4 percent loss in 5 days. In the oxidntion 
of 0.6 gm. of sugnr during a 5-day period at 70° there would be formed 
0.24 Pli. of carbon dio).;de and 0.86 gm. of wnter This wuter would 
become pnrt of the tissue \\O-ilter. If no W!l tel' were lost by transpira­
tion during this timr the average dry matter pel' 100 gIll. of fresh 
weight would be retiul'ecl from ]3.7 to 13.1 gIll., the an~rn.g(' wuter 
content inereased from R6.3 to 86.66 gIll., and tIl(' per('rntllgr of dr'~­
weight redured from 13.1 to 1:1.13. If the water were lost us fast U5 

it was b(,ing formed by respirntion, then the pe1'cerltnge of dr~- mut­
ter would be reduced to 13.1R p('rrent. In order for the l)('!'('C'ntHp-c 
of dry wright to remain constant during 5 da~-s' ripening at 70° Ul('re 
would need to be Il total loss in wright of 4.3S gm. per 100 gill. of 
original fresh weight. Of this. 0.24 gm. w()ulcll'rpresent the loss of ('ar­
bon, 0.36 gm. the loss of water equh-Illent to that formed by l'espirll­
tion, and 8.7R gm. the loss of some of the originlll water present The 
analyses show that the ayemge pereen tnge of dry wright de(,l'C'lISN] 
from 18.7 to 13.6 pereent, ",hirh would represent a total loss in \\-eight 
of about 8.7 percent in 5 days at 70°. 

The hent of respimtion may be un importllnt factor in ttl(' refriger­
ation of the fruit. Thr peuches in n carload (approximn td \" :390 bush­
els of 4R pounds carb) w('igb more thun .9 tons. Assurniilg that the 
(,flrhon dioxide (woh"cd represents the eomplete oxidn tion of a hexose 
sugar, there w0'11d be enough heat of respirntioll produced hy a ear­
load of pCllehcs to melt from 1,150 to 2,000 pounds of ice per day n.t 
80° F., 870 to 1,370 pounds at 70°,225 to 390 pounds at 50°, and only 
55 to 90 pounds at 32°. Thus, if peaches were loaded into a cal' tit 
80° and no cooling occurred, they would pvolve an average of 20,736 
B. t. u. per day, which would be sufficient to increase the tempera­
ture of the load by slightly more than 10, or would req uire the melt.­
ing of 1,440 pounds of ice to maintain the temppmture at 80°. 

SUMMARY AND CONCLUSJONS 

The firmness of n J1 umber of nlrieties when pieked in fl, shipping­
ripe condition generally avemged between 9.0 and 14.0 pounds, as 
determined by pressure tests on the pared cheeks. The dry weight 
of the fruit when picked ranged from 11.0 to 13.4 percent in '1933 but 

" 
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was considerably higher in 1932. The range of total acidity was 0.5] 
to 0.96 percent, and the pH value ranged from 3.43 to 3.90. 

There was practically no softening of the fruit at 32° F. The ntte 
of softening increased "ith increased temperatures and was very rapid
at 70° Il.nd goo. 

The respirator;l' rates at 32° F. rauged from 3.8 to 6.2 mg. of car­
bon dio~ide per kilogmm-hour and ilwrensed rnpidl~- with temperature 
to R1 	 to 141 mg. of carbon dioxid!' at 80°. The illfluence of tempera­
ture on the rnte of l'l:'spirntioTl of pellches WIl.S grent!'r thll.lI with lI1Hny 

... other fruits . 
Storage tempemtllre did not nfl"ect thl:' percentage of dry wt:'ight 

find of sugars exc('pt as iL influenced the relati,-e mtes of wnter loss by 
tmnspim.tion and carbon loss by respimtion. 

The pereentage of totnl and acti'n' acidity was not influenced hy 
ripening at tempemtures of 60° to 80° and 32° F. They \\-ere some­
whnt reduced at 50° and markedl~7 reduced n,t intermedillt,e tl'11lper'n­
tllres of 3(j° and 40°. 

The l"elatiyel~· rapid Joss of acidity was associated with ahnOl"JllflJ 
ripening at :"50° F .. as incliented by poor dessert quality and h~" the 
den.']opment of internal break-down or low-temperature injury at 
40° and 36°. 

The nm.ount of soluble pectin ill t,11e juiee ilH'l"N1Sed great-b- wit,h till:' 
ripening nncl softening of the fruit.. 

There was no nppllnmt rell1tion between ('atHja~(' aet;i\-jty and tltB 
dl.'yplopmcnt of internal hreak-down. 

The results did not indicllte an~7 diffpl"('lIc'p in thp pPI'f'pntag-1' of 
decay developing- in the fruit from'c1ifl'erenf t,PllIIH'raLU1"('S nfter' it WH~ 
a1Jowcd to hecome ripe. 

Intel'llfll hrel1k-do\\I1 or low-tempemture injury dey(']oped eu.dit'r 
at 3(j° llnd 40° F. than at lower or ltig-her temperllture~. There wl.'rl.' 
Rome indicn t,ions of brenk-dowlI at 50° hut none at 60° to 80°. 

Ther!' 	WilS genemlJ~· a ml1rked loss in the fiavor of PNLChf's ripmcd 
at 50° 	F. as compared witl1 those ripened at higher temppratureR. 
Tll('re WllS u more rnpid lo~s of fluvor at 40° and :3(j° than at 32°. 

Thl:' results indi(,flte thnt pelleheR eannot be held in storag-e for 
morf' than 2 to 4 weekR, dependilll! on th(' vllriet,y Ilnd gT()\\-ing eondi­
tions, without serious los~ of dessert qUl1lity 0/' the c1f'Y(']opmf'nt of 
hl·Pllk-down. 

011 t.l1f' jmsis of tJl('S(' I"('Sll\t.~ 11 klllIJPl'uJul'P of :~2° is I"(,('ollltn(\nded 
for the "tOI"Hg-(' of pf'lleh('s. 

LrTERATURE CITED 

(1) AI.'I'!.),;~I\ 1\', C. 0., and CON!!Ao, C, M. 
192fi. 	1't;('TJ(' ('ONi<TITUENl'R 01' l'EA('IIEi< AND THEm llm,,\'I'ION TO SO~"I'tJN­

INa OF THE ~'RUI'J'. Md. Agr. Expt. Sta. Bull. 2R3, 8 pp., iIIUR. 
(2) 	 I\(.,\K~;, M. A., and DAVIDSON, O. W. 

] 9alL i<O~IE R1'UoHJS OF 'rHE DEGREE OF MATURI'I'Y 01' l'I;;A.cUER A'I' HARVERT 
IN REI.ATION '1'0 FLESH .'IR~[NESS, KEEPING QUAL!'I'Y AND ~;j)IRI.~; 
'rExTURE. N .•r. Agr. Expt. Hta. HuH. (l06, 3A pp., ill liS. 

(:3) HIWOKi'. CHARLES, and COOl.EY, .1. R. 
1921. 	T~JMPERA'I'URE RI<:T.ATIONS OF STONE ~'R{lIT ~'l'N(1f. .10111'. A~r. Rc­

scarch 22: '151~465, ill us. 
(4) 	 - and COOLEY, .J. S. 

1928. 	TIME-TE:lIPERATURE RELATIONS IN o[F.~'ERENT 'l'ypgi' OF PEACH-ROT 
INFECTION. .Tour. Agr. Research 37: 507·543, iIIus. 



32 	 ~1.'l~aH~JCAJJ 13lrLLlD1'J~ 61l0, IT. H. DEPT. OF AGRIClTLTF.RT·; 

(,5) COE, F. M. 
1933. l'EACli HARVESTING S·l'UDIES. 1:tah Agr. I~xpt. !:-ita. Bull. 241, 

59 pp., illus. 
(Ii) DAYIES, HEES, BOYES, 'V. W., Il.nd BEYERo, E. 

1936. COLD STORAGE OF 1'1,U~IS. Low Temperature Hl'Hearr:h Lab. 
Capetown Rept. 193+-35: 78-·114. >(. 

--- BOYES, ,Yo 'Y., BEYERS, E., and DE VII,La;!!S, D . .I. [L 
1937. COLD STORAGE OF PEACHES. Low TCIllIH'J'!llurl' Research Lab. 

Capdowll Rl'Pt. ]03;3 36: 130-J60, iIllls. 
(8) GORE, H. C. 

1911. 	;;'JTDIE~ ON ~'IHTr RESPIRATION, C. R. Bur. C'hplIl. Bull. 142, 40 
pp., illus. 

(9) 	 HALLER, l\1. H. 
1029, ,'fUxGES IX THE l'E("rtC ('OxSTl'ITENTS OF APPLES IX H~;I.A'I'I{)X TO 

SOI'TE"lN<1. ,Jour. Ah'l'. Research 39: 739-·740, iIIus. 
(UlJ HAIWJXG, p, t., Lt,1'z, .J. 1'1., and ROSI~, D. H. 

1 !J32. THE IU;"PI RATION 01: S()~IE FRl'ITS IN !!EI.ATION TO ·I'E~II'Elt,·\'j'I·'{E. 
AItH'r. t-loc. l{ort. t-lei. Proc. (19311 28: 583·58~1. 

(ll) H.-\IWING, P. L., and ROSE, (ha~ H. 
1!J33. 	 TIm IX·n;HItEL.\·I'IOX OF f'If{\IXJ~S";, DIn' \\'I~IGIfT AXD Hf}";l'llt·\TION 

IS ";'l'IUWln;IUllES. AIll('I'. Hoc. HorL :-lei Pro('. <1032; 2\): 
330 33·1, iIllIl<. 

(12) and ROSE, D. H. 
19:32. 	AI'I''\ HA·I'G"; I'OH DfJ'l'EIOIlX .\TIOX OF C02 AXD ()l OF IU;;;I'I It·\'l'IOS. 

:-lciene(' 75: ·ta9 -HO, ilills. 
HAIWI.\,(;, PAUL I.., and HAIA.lm, ~L H. 

10::l3, 	 TIlI~ lXI'LI:\OJXCE (W STOItAClE TE~II'I'JIt\'I'l'ltI;S O=' THfJ IJES";fJItT .\,'11) 

KEgPIS() QI'ALIT), OF I'E.\ (,H I,,,. AIIIPr. !:-io('. Hol't. Sci. PJ'(H'. 
(19:12) 2\): 277-2R1, illui<. 

(!-II . !Lnd B.\I.LER, ~f. H. 
I n35. I'I·;.\(,JJ STOlt.-HaJ WITH Sl'f}('IAL ItfJI,'J>ln;xn; Tn BlnJA KDOWX. AIII!'I'. 

HoC'. Hol'i. :-lei. Prot'. d0:3·11 :~I (\', :32.: IfiO I():~, 
(15i Ln.'z, .r. ~1. 

1n31\. 	 l'A("I'OIt,.; [N'VL('EX('Ix(l TIlE (ll'AI.!'I'), OF .1..\IBItWAX r1ltA1'I;S 1:\ 
STOILl<1E. ('. H. (kpt. Agr. Tpplt. BIIII. (lOn, 27 pp., ill II". 

110. ~L\GXESO;, J. ({., and AI.I,EX. F. W. 
1020. 	 IJF;CIDl'OI'S FR(Tl' ~I.I.T(:HI'J'l' IN\'ES·I'Ir;.-\TIO:-;;;. Calif. ()ppL Agl'. 

~:I()I1thly Bull. 15: H:37·1. 
(17) 	 DJEHL, II. c., HALLER, .\II. II., (jRAIIA~I, \\'. H., ('.\HIW'K, n, B" 

HOWLET'j', F. Ro, ~'1ARSII"\LL, H. E., PI,.H;(aJ, H. H., all.! (LU.EIOH, C..J. 
1920. THE HII'J~"rNG, S,],IlHAGE, AND IIAXDI.ISG OF .-I.I'1'I.E,.,. C. S. D!'pt. 

Agr. Bull. 1.J01i, M )1p., i1Ius. • 
(IS) and T,IYI,OR, C. F. 

11)2;;. IX DIPH()\'J,D TYPE 0[0' I'!!ESO;(;Hf} n;STEH FOR 'I'lli'; DE'I'fJlOIlx \'1'10:-; 

01' Pltt'IT ~I ,'ITRIT)' L N. Upp!. Agr. 1)(']11. ('ir. 3.)0, S pp., 
ill III'. 

(I III ~'lOIUtlS, o. ~J. 
1932. PEL\f'1I IIATl'HlT\, AT HAltYI;S'!' .1." REI•.\TEIJ TO (ll'.-\I.ITY, "'asb. 

Agr, Expt. Ktl1. HIIII. 2fifi, :3" pp., ill1ls. 
:\ I;I.,.,OX, 1':. 1\. 

I n21. TIIg .\'OX-Y<Jl•.-\·nl,l; ,\('/IJ" OF 'l'ln; I'~JA('II, ,I o III'. AIlI('r. ClwIII. t-lrJ('. 
H,: 2:337 2:3311. 

(~J I :\J(;LITIXfiAUJ, C. 'r., AIJDmIS, H. M., alld BLAKE, M. A. 
11)30. I)Jo;Vl':IAJJ',\IJ,N'I' AND IUI'~;"IX(; OF' 1'1':ACHE'" "" (,OHl{f}I.A'I'I~1J \\'1'1'11 

PHYSICAl. ('II" ({,\C"I'j,ms'I'ICS, (·Hg~Il(·;\I. COMI'OSI'I'IOX AXI) If 1"­

'1'01.001(';1.1. fO'J'lltT("I'(rIU; O~' TilE nnll'J' FI,l~SH: III. ~IA(·ItOCHI~~I­

ISTIlY. ~ . .J. Agr. Ex-pt. Rja. Bull. ;W4, In pp., j\lII~. 
{22J Pr,A/\!>., ,I. I~. VA/\ Dj~H, aile! D"VIEH, H~;EH. 

1037. ·I'g~II'I';IlA'l'eHf;-(,OI.D IN.Il-HY (THVgS O~· PIWlT. ,Jour. POll1ol. und 
....Hor1. Hei. 15: 22(j U7, iIlus. 

For 81th' b,l' Ib" ~lIp(>rillteIld(,llt or DOl'UIlII'llts. \\'uslllll!!10Il, D. C. ' - - , Pric!' (j c(>nls 

http:AGRIClTLTF.RT



