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INTRODUCTIOl\ 

ComlllPrciul production of full and winter Pl'IU'S in tht' Unitl'd Statl's 
is largely confillt'd to thp warm, elry, irl'igatpt! valleys of tilt' three 
Pacific Coast Stntes, where approxunatcly 14 percent of the Cali­
fomia, 65 percent of the Oregon, and 32 percent of the Washington 
total 1)(>11.1' acreage is plalltl'd to these varieties (31 ).2 Production 
tl't'IHis and ('stimated new plantings foreshadow a considerable increase 
in both Ilcrcngl' {tilt! tonnngp. Although production has varied from 
season to senSOIl, carlot shipments of winter pears from the Pacific 
N ol,thwest have more than doubled clui'ing the lO-year period 1929-39.3 

The Anjou (Benrre d'Anjou) varipty hilS shown a consistent gain ill 
populnrity and in 1934 comprised approxillllltely one-half of the total 
commercial shipments of winter pears. The Bosc (Bcu:-re Bosc) lind 
Winter Nelis form the major portion of the remnining tonnage of fall 
and winter pears, and Flemish Beauty, COlllice (Doyenne du Comk.e), 
and Howell represent varieties of lesser conulle1'cial production ill the 
Pacific Northwest. 

The winter-pear lllfl-rket is largely a fresh-fruit market and as such 
demands the utmost in a,ppeltrance, condition, and dessert quality of 
the fruit. Improvement of these essentiul factors can be ac,complished 
t.hrough intelligent harvesting, hllmlling, stomge, and market,ing 

I Submitted for IllIhliclIUon 1\-(11), ID, 1040. 

, Italic numbers in parrnthes(>s ft'far to Llt('mture ('itl'Ii, p, 11:1, 
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21i1~H!l°- --41- ·-1 1 



2 TECHNICAL UULLETIK 7u9, U. S. DEPT. 010' AGRICU.LTUHE 

practices. Because pears are decidedly more active physiologically 
than apples, handling delays ami hi~her storage or transit temperatures 
are correspondingly more critical factors in the maintenance of 
maximum storage life and of best dessert quality. 

Published work (1,23,24,38) reln,tive to mn.turity stn.ndards and 
proper storage procedures for handling fall and winter pears has formed 
the basis for a continued improvement in the commerci.al handling of 
these varieties. The above factors have received attention in the 
present studies only insofar as they mi~ht affe('t the physiology or 
hiochemistry of the experimental fruit. 

TnformatIOn relative to the physiological response of fall and wintel' 
pears to va,rious handlin~, storage, and ripening prnetices was decidedly 
limit.ed prior to the init)fltion of these studies in 1931. Th!s publiea­
lion presents information relative ·t.o the physiolo~ical and biochemieal 
response of different varieties of pears picked at various maturities to 
handling, storing, and ripening proeed ures. The results of measure­
ments of respiration, acetaldehyde, ethyl alcohol, carbohydrate, pectin, 
enzyme, and astringency served as criterin in following these responses. 
('ertnin of these deterniinations were also used in followin~ the course 
of sC'n.ld, core break-down, and loss of normal ripeIlin~ capacity in 
pears. The resnlts of these ;;llldies should lead to a better undel'­
fltnnding of I}.e physiolog~T n,nd bioehemistry of the different varieties 
of fnll nnd wmlN (wars. 

UEVIEW Oli' LITERATURE 

The following brief review of the experimental work with 'pears is 
eonfined to that dealing with physiologieal and biochemical changes. 
l'vfatnrity, storage, and r~pening studies a\e reviewed only.insofar as 
" hey relat.e to the physlOlogy and chemIstry of the fnut. For a 
detailed review of harvesting and st.{)ra~e studies, reference is made to 
the work and appended biblio!!,raphies of Hartman (23, ~4), Diehl,4 
Allen (1), and Pentzer (38). 

Gore (13) studied the l'espimtory activity of Kieffer pears at 
tempemtures from 2.9° to 34.4° C. He found the Q 10 (Van't. Hofl" 
t.emperatul"(\ coefficient for n. 10° difference in tempern,ture) to be 2.24, 
sincE' t.ll(' respirn.tOl"Y activity doubled after each rise in temperature 
of 8.6°. He reported no stimulus in the rnte of respirntion due to 
pie king from tIl(' tree. Tn stUdying the l"(\spiration of Kieffer pears at 
different. st.orage temperatures, Lutz and Culpepper (33) obtained t.he 
gl'E'ntest activity during storage at 1!U5°. They found the rn.te of 
respiration to be directly associated with t,he I"ilt;e <?f softeniIl!? Stor­
age tempern.tures of 2fi.Uo n.nd 32.2° cff('cted a dmllnuhon of noth res­
pirntioll nlld softening. 

Ki(1<1 and W('st (30) studiC'd th!' rl'spimtol'Y activity of Conference 
n.nd Oomic(' pen,rs as infiuonced hy mn,tlll'ity n,t tim(' of harvest and 
n.ftC'r storagC' at 12° 0. RC'spirat.ory nctiyity was grent(')" in the less 
mn,ture fruit bot.h at the t.im(' of ~athering ll.nd at the peak of the 
elimactNic ris(\. OaT'bon dioxide' production, howpvpr, was remark­
tthly similar for t}l(' two vari('tips of penrs. The incidence of the 
respirntory climact.Ni(' at 12° was much enri!el' in til(' mor(' mature 
fruit.. 'I'h(' ppnk of t.}1I' ('limnd,('ric. in'('sp('d,ivl' of t.}l(' mnt.nrity or 

• 1>11<:111.. II. C. IlARVESTINO PEARS TO OJITAIN P.E"T Ql1.\J.IT\,. Uev.19:lO. [Minwol!rnphe<l.] 
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variety, always occurred when the fruit was eating ripe. Hansen 
ami Hartman (19) found that ethylene increased the, respiration of 
Anjou and Comice pears both at harvest and after short periods of 
cold storage at -0.5° and 2.8°. The magnitude of the stimulat.ion, 
however, decreased as the length of storage increased, and after 2, 6, 
and 8 weeks, Bose, Comice, and Anjou, respectively, failed to respond 
to ethylene trentment. This lack of further chemical stimulation 
was associated with a natural increase in the respiratory activity of 
the fruit. 

Tindale nnd others (44) found that tiw carbOll dioxide production 
of Bosc, Howell, and Winter Nclis pears stored at 32° and 37° F. in­
creased to a maximum and eyentually declined to a point wherl' 
respiratory activity ceased. The latter point coincided with the 
death of the fruit through disintegration of the tissue. Similar results 
had previously been reported by Gerhardt and Ezell (10) for Comic(· 
at 32°. The rcspirotory climacteric of all the varieties st·udied by 
Tindall', and others V;4) nppeared several weeks earlier in storage nt 
37° than at 32°. Furthermore. these authors found the initial mte of 
respirati.on and the storn.ge life of Williams Bon Chretien [Bnrtlett] 
Pl'IU'S lit 37° WIIS not influl'llcNI to any extent by eith<.'l' size or maturity. 
At 32° the climacteric occurred] 0 days earlier in the large-sized fruits 
than in the small and 22 days earlier in the more ma,tured fruits than 
in thl' least mnture. The storage life of the more maturl' fruit WIIS 
onl~T 1 wl't>k less thnn that of the least mnture. In terms of :,;torngp 
lifp t.ill· authors stat.ed that this meant a difference of only 3 and 7 days, 
rl'spI·rtivr·ly, n period of littl(' practical importance. 

Ezell al1d Gerhanlt (8) found no correlation bet·w('en respiration. 
oxidllse, nne! cat.alase act.ivity of Anjou pears at 32° F. They fOllnd 
th" respirat.ion ,:ate of Bose pears at 30° and 36° to b(' practically till' 
sa,nw in fruit from thret' different producing areas on till' Pacific const, 
wlwreas t.Il(' I'llzvme u,ctivity varied widf']v. 

l~mnwtt (5) c'ollcluded tllat total solids' and sugars of ('onfl'/'PlIcc 
pt'(\,l'S decreased n.t pl'l\.eticuUy a constant ratl' dming tIl{' t'ntil'(' stOl'ltgl' 
Iif!' of tIl<' fruit. She found a clost' corn']atioll betwpcn tIl(' I'll tl' of 
rip('lling and tht, ratt' of cOlwf'rsion of protopectin to soluble pt'ctill. 
This fl,uthor 1"('ported that pectic changes occurred more rapidly ill 
ppu.rs thl~,n in apples at 12° C., whereas at 1 ° tIl<' reverse was tnw. 
She suggested that a.cids may b(· involved in t,he ppctic cOllyersions in 
n.ppl('s, while in pears this proc('ss nmy b(~ chi(\f1y PJlzymat.ic. .Mu,l'tin 
(SO) in a cllemienl study of th<, ripC'ning process of Bose pears. found !l 
loss in weight of about 0.,) pel'cent per tiay. L('vulose 111ld totul 
sugnrs illcreased whl'l'(·ns sO/'bitol (lccreased during ripl'ni.ng. 'Vi tit 
tIlt' ('xception of 1m illCJ'('IlSl' in sucrose, diffN'enc('s in mntuI'ity wl're 
noi reflected in the results of carbohydrnte annlys('s. vVlll'1l P<'aI'S 
Wl're ripl'lH'd at. hnrvest after trcn,tment with ethylene, Hans(,ll (17) 
found nn increas(' in starch hydrolysis and a corresponding accumula.­
tiOll of sugars. EthylI'm' also catalyzed the hydrolysis of protopectin. 

Lutz and Culpepper (33) reported that differences in quality of 
Kieffer pears, as influenced by various ripening temperc.tures, were not 
r' . ,Iected in the results of chemical analyses for solids, sugars, and 
acids. Starch was not generalJy present, and in this respect the 
Kieffer variety differs from certain higll-quality pears of which the 
$ugar content increases throngh hydrolysis of stareh. These authors 
{Olmd the ro'"e of hydrolysis of protopectin to soluble pectiu was 

http:ripl'ni.ng
http:PJlzymat.ic
http:storn.ge
http:respirati.on


4 TECHNICAL BULLE'l'lN759, U. S. D&.1>T. OF AGRICUL'J.'URE 

closely associated with the rate of softening. This mte was highest, 
at 60° F. and decidedly lower at 32° and 90°. Gerhardt and EzdJ 
(11) found that carbohydmtes in winter pears were influenced by 
maturity and b:r va.riety. Levulose and sucrose were the pl'cdl)minant 
sugars present, and their f1ccumulation varied directly with tIl(' 
maturity of the fruit at harvcst,. Com ice and Bosc varieties had a 
higher percentage of these sugars than did Anjou 01' Flemish BCl1uty. 

Moore (37) found the mineral constituents highest in the Bosc 
variety and lowest in Winter N elis, and an unusually low iron-coppeT 
ratio compared with othel' foodstuffs. The alkalinity of the ash of 
winter pears varied from 3.6 (cubic centimeter of Nil Hcl per 100 
gm. tissue) for Cornice to 5.7 for Winter Nelis. 

Epinastic responses of tomatoes confined with pears led Hansen 
and Hartman (18) to conclude tha.t ethylene is produced by Anjol1 
and Winter Nplis pears. Peelings as well as peeled pears produced 
epinasty, but pear tissue rendered inactive by freezing or by chloro­
form produced no response. These authors a.lso pr('sented chemical 
evidence to indicate that ethyll'ne is present in winter pears. 

Acetaldehyde and ethyl alcohol have been found as products of 
normal and abnorma.l metabolism of pear fruits (10,21,22,29,44). 
The accumulation of these vola,tiles in abnorma.l amounts has usually 
been assoeiated with scald (22), ('ore break-down (21, 10), over-ripe­
ness (44), loss of ripening ('apaeity (10), and artificial storage atmos­
pheres (27,29). It has been suggested by Hulme (27) that these vola­
tiles ae('umulate as a result of the gradual failure of the o)d.dative 
meehanism to function in fruit during the la,tter stages of seneseence. 
Tindale and others (44) concluded that acetaldehyde is formed as an 
intermediate substance of partial oxidation during respiration. The 
rate at which it increased was greatest in pears that failed to ripen 
normally at 65° F., and its coneentrat,ion reached a maximum wi tIl 
the appearance of ('ore break-down. Harley (21) found a similar 
correlation between acetaldehyde and core break-down in Bartlett 
pears. In advaneed stages of senescene-e, cellular disintegration and 
general collapse of the tissue served to restrict the normal aerobie 
processes of oxidation, and with the onset of anaerobic or fermentative 
proeesses, ethyl alcohol was produced in increasing amounts (44). 

Winter pears have a rather definite storage life, the length of which 
is dependent upon the variety, maturity, storage temperature, and 
prestorage handling practices. Under optimum conditions, the com­
mercial storage life at 32° F. of the different varieties has been reported 
as follows: Bose (25,44.), C01l1il'e and Seckel (25), and Kieffer (25,33) 
90 to 100 days; Anjou (25) 1.50 to 180 days, and Winter Nelis (25,44) 
160 to 180 days. In studying the length of the eommereia.i storage 
life of winter pears, Tindale and others (44) found that with the ex('ep­
tion of Winter Nelis this period was about three-fifths of the time 
required to reach the respiratory climacteric and two-fifths of the 
time before scald appeared. That the storage life of Cornice, Confer­
ence, and Winter N elis varieties can be materially extended by gas 
storage has been shown by the studies of Kidd and others (29). They 
found that subnormal concentrations of oxygeri from 20 to 2 percent 
did not significantly retard ripening, but that 0.2 percent of oxygen 
caused a marked retardation. Carbon dioxide, in the presence of more 
than 2 percent of oxygen, greatly retarded ripening, and the degree of 
retardation was dependent upon the atmospheric concentration of this 
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gas. Gerhardt ILnd Ezell (12) have reported simila.r results for Bart­
lett pears. 

The potential storage life of each variety of pears is directly depen­
dent upon the storage temperature. For winter pears, Tindale and 
others (44) found this period decreased one-fifth for every 3° F. of 
inerease in temperature between 32° and 37°, and Hartman et al. 
(25) estimated that 1 day}s storage at 65° redueed the subsequent 
storage life at 32° by 10 days. 

Studies on the ripening of winter pears have received the attention 
of several investigators. Most varieties of pears do not ripen prop­
erly when held eontinuously at 32° F., and in order to obtain the best 
dessert quality the fruit should be transferred to temperatures of 60° 
to 70° for ripening (25, 33, 38, 44).

Certain varieties fnil to soften and ripen properly upon removal to 
temperatures of 60° to 70° F. after prolonged storage at lower tempera­
tures (25, 28, 44). This loss of ripening capacity in pears has been 
described by Kiclcl and West (28) as a form of low-temperature injury. 
Such fruit may appear to be in excellent ('ondition and yet upon 
removal to ripening temperatures it fails to soften normally, develops 
an abnormal flavor, and scalds badly 01' develops brenk-down at the 
core. This loss of ripening capaeity sometimes results in heavy 
finaneial losses. Little is known eoneerning the physiology 01' bio­
ehemistry of this storage disorder. 

MATERIAL AND METHODS 

SOURCE ANI) SELECTION OF MATERrAL 

Flemish Beauty, Comice, Bose, and Anjou pears were used in the 
studies reported herein. In 1931, 1932, and 1933, fruits of these 
varieties were harvested from typical, vigorous trees of full bearing 
age, grown in the Wenatchee Valley in Washington. The Anjou 
trees were growing in a heavy loam soil and the other varieties in a 
sandy loam. Cultural practices were standard for the district. The 
quantity of fruit required for the storage experiments varied from year 
to year, depending upon the particular studies being made. In work 
on the Bose variety usually the entire crop from three trees was used, 
whereas in that on the other varieties fruit from a single tree of each 
was generally sufficient. In 1934 the work was expanded to include 
a eomparative physiological and storage study of the Bose variety 
as grown in the Wenatcheo and Yakima valleys of Washington and in 
the pear distri(·t of Medforcl, Oreg. Representative fruit from three 
trees in each distril'1; was harvested at optimum maturity and brought 
together for storage at temperatures of 30° and 36° F. at Yakima, 
Wash. 

Whenever maturity was studied in relation to biochemical Bnd 
storage behavior, three piekings were made, the se('ond usually 
coineiding with the 1'0mmen·in.I harvest when the pressure test met 
the recommendations of Pentzel' and othel's (38). The first and third 
pickings were spac'ed so as to seeure relatively immature and more 
mature fruit. In those seasons in which a single picking was made, 
ground color, finish, and firmness were used as indexes of maturity. 
Firmness was measured throughout by taking the pressure of the 
pared flesh of 10 representative pears by means of the United States 
Department of Agriculture pressure tester having a %6-inch plunger. 
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HANDLING, STOHAGE. AND RIPENING 

Unless otherwise specifit'd, the fruit was harvested in the morning 
and the spray residue was removed hy washing in a. I-percent hydro­
chloric acid solution at 90° F. in a single-process washing machine. It 
was then wrapped in either oiled or plain paper and placed immediately 
ander the desired experimental storage environment. The fruit was 
storpd at a temp('ratur(' of 32° and a relative humidity of 80 to R:i 
percent unIt'ss otlwl'wis(' stated. VV1IPn dplay('d storag(' was used thl' 
emit wns \tpld at 61)° for tIl(' rpquired lItUnbN of days prior to stOJ"tlg(' 
n,t :32°. The tim(' fl"Om hal'vest to storage was usuaHy less than 011('­

half of a day. During this intervnl repl'Psentative samples wen' 
taken. Respiratory alld (·nzymutie measurements at harvest w('J'p 
usually mnde within 24 hours fl"Om til(' tim(' of picking. Ripening 
cabinets wore mnintnined at a tempC'l'11ture of 65° !lnd a relative 
humidity of 75 to 85 percpnt. All ripening data are baspd on the fruit 
after removal from low stornge tempprn,tures and after varying periods 
in the ripening ctibiJIPts ex(,ppt. tha.t "ipenpc\ at ha,rv('st. withollt being 
su bj('cted to \ow-tl'lll ppmt.III'p stOI'llg'P. 

PHYSIOI.OGICAL METHODS 

HESPIII.\TION 

Fl'Om 35 to 50 I'PpI'Psellt,a.tivp fl'1liLs (9 kg.) WPI'P pln('(·d in wi<ip­
moutiwd, i)-galloll, glnss pickle' jars fittpd with !'llblwl' senled COV(,l'S 
bpa.l'ing a COPP('I' inlet fwd outlet tllbp. 'l'lws(' tubps Wl'l'l' ll'ft OpNI 
hptween periods of lINn,tioll. The fl'1lits wel'l' aerated a.t lenst 24 hOIIl'S 

1)('1' w('pk to minimizp til!' eft'pet of accumulated car'hon dioxidp on 
thr l'Pspirntory ItCt,ivity of thr fruit. Prior to respi1'l1tory detNmina­
tions the fruit was Illlpirn,tcd with ca.rbon dioxide-frep air for 48 hoUl'S 
ttt n, ratr of 10 or 18 litNs per hOllr (depmding upon tilt' stornge 
tempemture) by munipuln,tion of cnl ibmtc·d flowmpt.t-rs. 'I'hr respired 
cUI'boll dioxide was removed from tIl(' ail' stream ns bnrium carbonate 
by passngt' through a. solution of 0.3 N barium hydroxidC' in a Truog 
absorption tower. (S('e figs. 1 and 2.) The carbon dioxide C'quiva­
It'nt wns estn,hlislwd by titration of the harium hydroxide solution 
with 0.2 N hydrochloric nci~! and l'xprl'ssNI fiS mg. 002 per kg. pC'r hour. 

'I'pn or mono fruits w(>re USN! :1L l'ach sampling. Thr trchlliqul' of 
preparillg the fruit tissue for (,lIzy1l1e analysis was l·ssentiaHy thnt 
dpscribed by .B~zl'lland Oprhardt (8). Two disks approximntely 1 cm. 
thick werr cut from each fruit through its grc'utl'st trunSVNse diameter. 
The sections from the' cnlyx half wprl' lIsed for ~he cntn.lnse measure­
ments. 'I'1ll'Y WPI'P wl'igl1l'd. sprinkled with I-pNcrnt cnlcium carbon­
a,te, and ground in it food chopp<'r with it nut-butter attachment. The 
juiep WilS filterl'<\ through clll't'se('\otb a.nd held at 40° If. for 24 hours 
hcfor!' its catnlusn activity was determined in duplicate by u wnter­
diRplae('Il\PIl t m(·thod similar to tha.t described by Hein icke (26). 
A mechn,nicnl shake']' (fig. 3) operating in u constant temperature bath 
ilt 25° O. caused a tmiform How of solution 108 times per minute from 
onl' arm of the eatu.lnse tube to the otilPr. Oatalase activity is ex­
pl'pssed as cllbic cent.imetel'S of oxygen liberated in 5 minutes. 



FIU\' HE 1.-' .\IT:lI.g;t'Il'Cllt of t ht, (·()I,(.nilll'r~, air s<TlIl.ill'r." alld rruit ill tht' rt'Hpim­

UOIl Ht udil'H dllrillg; ,~ll)mg;('. 


J<'lGUHE 2.-·AIT1LIIg;CII1t'llt or tlt(' fiOIl'IlIP!!'rs alld aiJ!<(Jrptilll1 tOWl'l'H ill tht, I'CSpirlL­

UOIl studies. 
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FWUHE 3.-Appttrtltus fol' measuring ('ll/.11lasp activity, showillg: A, chl1kinl-{ 
dc\'ircj B, witteI' p\lmp; C, (·ollslnlll·lplll)ll'mtUl'e lJalh; D, wlttC'l'-jnl'kcic([ ma­
nometers; 11ncl B, l'ltta\tts(,-I'('l1ei;ioll tu\)('s. 

Oxidnst' sHmpks \\'('1'(' oi>tnilll'd ('!'O1ll tll('.i uic(' of s('{'lions 1'1'0111 tllt' 
strlll hnif of the snllW fruits lIsNI in the cutnlnlw work. Oxidns(' tlC­

tiyity wns dt'tprmil\('d iodollwlrienlly tiS dt'seribrd hy Guthrie' (1.5) nnd 
cxpr~'ss('d as ('ubie c('n tinwt('rs of K /100 sodium til iosulphn te. . 

CllIDII C.\ I. M 1-:1'1£01)8 

SUGARS ANI) SOLWS 

Rnmpll's for ('arbohydrnt(' nnnlys('s Wp],(, Ink('ll from 20 l'('prl'SI'I]tll­
tin !wars by passing n 7j I(i~il1('h eork bon'l' tlu'ough l.!\l' gI'Ptlt.t'st 
trn.Jlsvprsl' <iinl1lt't(·1' of ('ueh fruit.. Following )'('l1loynl of the skin 
llnd ('01'(' tiSSlll.', 100 gm. of this Inatt'l'illl Wl'I'(' pns>\('d thI'ough n Clnrk 
prpss and iIllllH'I'St'd in boiling n;l lh'(,(~l'l1t. ('thyl alcohol. Th(' snmpit's 
W('['(, IH·cS('l'vcd 1'01' futun' nllnlysis by boilinp; with "ullicicnt n5 )wl'cl'nt 
ethyl ulcohol to pI'odu('(' a fillnl ('oncpntmtion o{' nppI'()ximnll'ly 80 
P(,I'C(,II t alcohol. 

TIll' tt'chniqu(' {'Ol' hundlinp; lh(, nlcoholi(' ('xtI'nd~ nllt! (ht' Il\l,thotls 
for thc (lPtl'I'millntioll of t'('c!u('illp; ,;ugUI'S, lotal sugnrs, nl(,ohol-soluhll', 
nlcoilol-illsolubh., nnd totul solids W(,I't' l'SSl'ntinllv those ns (ks(,l'iiwd 
in dl,tail hy E:r.dl Hnd Diphl ((j) for 1na I. S\t('("()S(, ·rus ('uicuinh'd by 
t.ht' difYcl'l'nc(' in th(' CO)1])('I' I'pd\lcing powpr of tht' clnrifipd "UgHI' solu­
tion bl'fol't, nnd nftf'l' Hcid iIlv(,I'sinn wit.h 5 CC. h~rdI'ochlol'l'- neid (sp. 
gI'. 1.121)) )WI' 50 cc. of sugn!' solution nft('I' stnndiIlg for 1.1l1linutl's nt 
70 0 C. TIl(' ('(·r\II('ing pOWt'l' of tltt' IH'ut.l'tlli:r.('d solution WllS <kt('I"minl'd 
by \Ising tit(' Quisumbing and '['!tOttins (89) redu('tion l))'Oc('dure Hnd. till' 
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Shaffer and HnJ'tman iodometric titration method (40). Glucose and 
fructose were mcnsured by using the ioctine oxidation procedure as 
outlined by Lothrop and Holmes (32). Sugars and solids were ex­
pressed as percentages of fresh weight. 

STARCH 

The dried alcohol-insolubI0-solids residue from the sugar sample 
was quantitn.tively transferred (including adh0ring filter paper) to n. 
500 cc. screw-top rengent bottle; 300 cc. of a I-percent solution of 
potassium oXlllate Wt'I'P added and then ngitllt('(l ill n, motor-driven 
shaking maehin0 for 6 to 8 hours. Tlw fin('l.y di\,jded, partly colloidal 
('ontents of tIl(' bottle were filtel'pd through din.tomacPolIs l'ilrth and 
wllslwd free from oxalu,te with col(l water. (TIl(' aboy!' procedure is 
('ssentially thn,t of 'Widdowson (45) and has for its purpost' tilt' removal 
of peetic and otlwr geIu.tinous substallCl'S that interfere with the 
enzymatic convf'rsion of starch to soluble SUgIH.) The cold··water­
washed rcsidue wus then tI'llllsi'Pl'lwl to a. 400-cc. bcaker, and after the 
addition of 200 ceo of water, gciatiniznt.iol1 oC(,U1TC'd after a. few min­
utes of boiling. The contents of the boakpr WN'l' coolcd to 50° C. 
and, aftpl' tho addition of a suitable amount of saliva (6-10 cc.), in­
cubated at this tpmpNlltUl't' until platl' tt'sts indiented the disappear­
ance of tIte chuJ'nct(,J'istic stnl'ch-iodide color. If upon reboiling the 
solution til(' tl'st rt'mained n('gntive, the dnrifiPd filtl'llt(' wus macle to 
volunll' and tll!' reducing POW{,1' ckt{'rlllin('(] as previously ckscribed 
for sugars. This reducing pow('r f'XPI'l'ss('(] us glucose wns multiplied 
by a, factol' 2.10 (the fUetol' used \wing hnst'd on actual inv{'rsion of 
pure starch to mnltosc' by trinl in this luborntory) nnd till' lattN value 
by the cOl1vt'l1tiolln.l COIlYC'I'Sion fnctor of 0.9 for glucose-to-starch. 
Thl' final vahl(, is ('xprt'ssNI us IWI'Pl'lltngl' of st.arch in thl' fresh tissue. 

PECTIC )IATEHIALS 

Soluble p('ctins w('rt' determined us calcium pectate according to 
the method of Carre and Haynes (3), using 100 gIll. of juice which had 
been clarified by filtmtioll through diatomaceous earth. Preliminary 
trials substllntiated the work of Hnlll'r (16) wher('in he reported similar 
values for soluble pectin by using l'itlwr 100 gm. of tissue 01' 100 ml. 
of juice. • 

Samples for total-pect.in d('terminations were made in n manner 
similar to those for sug!lI'S; 100 cC. of N/30 hydrochloric neid wpre 
added to 100 gm. of thl' macl'l'tIted pulp. After rl'fluxing for 1 hour, 
the solids were compressed ill a Carver hydraulic press and wnshed with 
50 cC. of N /30 hydrochlolic acid. This rdluxing nnd washing pro­
cedure was repeated for an additional three times. After fIltration 
through diatomaceous curth, aliquots repr('s('nting 20 to 40 mg. of 
calcium pectat(' were carried forwt1rd as in thc' det('rminatioll for 
soluble pectin. 

Protopectin (insoluble pl'ctin) wns obtnillcd by tlll' difl'prmcc be­
t,ween the total unci so]ubl{' forms. The various fOl'Ins of pectic 
ma.tl'rials nre expressed as I)Prcell tuge of fresh weigh t. 

http:total-pect.in
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TOTAl, ACfl)ll'Y, HYDROGEN-ION CONCENTHA1'JON, "INDEX FIGURE" 

Total addity wns measured by sampling 20 representative fruits 
with a %tI-inch cork borer in a manner similar to that previously 
described for cnrbohydmte analysis, An equal weight of water was 
fLdd('d to 100 gm. of the freshly macerated tissue and the mixture was 
boiled until the tissues became disintegrated, After cooling, the con­
tents were diluted to 1 lite!', filtered aliquots of which were titrated 
with N/IO sodium hydroxide, using phenolphthalein as an indicator. 
'rot.nJ acidity was expressed on a fresh-weight basis as percentage of 
citric. neid, 

Hydrogen-ion-concentration measurements were made on the ex­
pr('E;sed juice from t.llP same fruits thn.t were used in the determinu.tion 
of I.IH' total acidity. Hydrogen-ion values were determined electro­
metrically, using a gold quinhydrone electrode .and a saturated calomel 
('(l11. 

'rhe index figm.'e (.-i) was obtained by dividing the gram-molecules of 
hydrogen-ions per liter by the millequivalents of H2 per liter, and 
re])J'pspnts the ratio of dissoeia.tpd to totnl ncids pr'osent. 

ACEl'AUmHYOE 

Aeptaldpilyde and ethyl alcohol were extraeted from the fruit tissue 
by stenlll distilln.tioll in a manner essentially similar to that dpscribed 
by Fidit'J' (.9). However, one modification was mfLde that precluded 
til(> IIS(\ of icp for the receptacle befLring the steam distillate. It WIlS 

JOllnd thu,t losses of standardized amounts of acetaldehydp during 
d istil1ntion W(,l'C less thfLn 2 p('rccnt (as fonnd by Ficllpr to be optimum) 
wl1('11 n. condenser of sufficient cooling sUl'fac(' wns used. The glass 
con(\l'nsl'l's IIsed had a jackl't length of 25 inclws and a. sealed-in 
bulb()IIS il1l1t'l' tube. Duplicatc' 200-gm. sfLlnples of fresh macerated 
t.iSSI)(', ()btl1ined by clltting disks (spcds n)l}lOved) from the grea.test 
tl'n.nsv(\!'s(' diametel' of 20 fruits, were transf!'rred to l-liter, round­
bottml1ed, Pyrex distilling Hasks. The latter were connected to the 
stPiI.m-distil1ing appnrat.us and, after distillation for 2 houl'S, the dis­
t.illn,tps WPI'(' ('Itch mad!' to n. VOIUllW of 1 liter. In thos(' instances in 
whieh only acctfLld('hydl' was measured, the steam distillate was led 
d il'(~ctly into n. standfLI'dized solution of sodium bisulfite. Acetalde­
hydp in /1 500 cc', aliquot of the origin 111 distiIIa.tH or tlw entire amount 
of tIl(> bisulfite distillate was determined n.ccol'ding to the Ripper 
llwthod as describ0(1 by Fidler (9). Acetnldehyde is expressed as 
III illig-rnms pOl' 100 gIll. of fresh woight. 

ETHYL ALCOHOL 

The remfLining 500-<,c. pOl'tion of the original ste:l.m distilll1tion was 
used fol' the determination of the total ethyl alcohol. Oxi(ilttion to 
fLcetic a(·id was n.ccomplished with potassium dichromate and sulfuric 
twit! (sp. gr; 1.8351) in fLlnOll11ts of 10 gm. and 15 cc., respectively. 
After stnl1thng at room temperature for at least 1 hour the mixture 
was distilled to a smull volume, and after frequent additions of dis­
tilled wfLter, until the total distillate approximated 750 ce. From 
the titration of this distillate fLgainst N/I0 sodium hydroxide with 
phenolphthalein as an indicator, the total ethyl alcohoi was calculated. 

http:distiIIa.tH
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This to.tal figure fo.r ethyl alco.ho.l reprcsentB that present IlS such in 
the tissue and that formed from the aceta1dehyde during the dichro.­
mate o.xidatio.n. Acco.rding to Fidler (9) it is necessary to. sllbtmct 
1.05 times the acetaldehyde value to o.btain the true amo.unt of 
alco.ho.l. These reco.mmendatio.ns have been fo.llo.wcd in the p,'esont 
work. Ethyl alco.hol is represented as milligrams per 100 gm. of 
fresh tissue. 

ASTRING"~NT MATERIALS 

Included under the elassificatio.n o.f nstringent matel'io\s is fl. large 
gro.up o.f substa.nces thot reduce po.tnssium permnngnnate undel' 
specific co.nditio.ns. It indudes tannin (gallic aeid) , its methyloted 
derivatives Dr co.ndensatio.n pro.ducts, co.lo.ring matters, and any o.f n 
number o.f o.rganic reducing ml1terinls. Tne Lo.ewentho.l-Pro.cto.r 
metho.d as described by the Asso.ciatio.n o.f Officinl Agrieulturn.l 
Chemists (2) was fo.llo.wed in this study, and the data under this hend­
ing are presented in three subclnssificntio.ns, to.tnl astringency, tfl,1lJ1ins, 
and astringent no.ntannins. The fo.rmer were determined by titration 
with potassium permnngnnate in the presence o.f indigo. carmine; the 
Inttcl' were measured in the same mann('r ,titer the removal o.f tannins 
by preeipito tion with gelatin and filtl'll tio.n with kaolin. 'rn.nnins 
were determined by the difference in the two. titmtio.ns. All results 
ore exprcscd o.n a fresh-weight basis as pereentage o.f tannin. 

In the studies 0.11 the distribution o.f astringent materials, 200 gm. 
each of peeling, flesh, and eo.re tissue were mnccrated nnd bo.iled in 
400 ce. of Wf},tel' for on('-holf o.f an ho.m. After filtering through 
diato.maceo.us earth the aqueous extra.cts were each bro.ught to. a 
vo.lume of 1 liter. Duplieate 200-cc. aliquo.ts were used fo.r boUt 
to.tal and no.n!tstringent tnnnin determinations. Co.mpara.tive studies 
of equa.l weights of juice ILlld flesh tissue gnve similar nstringency 
values. Therefore, in o.bto.ining 0.11 of the astringeney da,tn. bearing 
o.n the influenee o.f variety, sto.rage, and ripening capacity, 200 gm. of 
filtered juiee from the flesh tissue were used. 

PRESENTATION OF DATA 

RESPIRATION OF FALL AND 'VINTER PEARS 

The term "respiratio.n" in the present wo.rk has re.ierence to the 
final o.xidation of a large hetero.geneous gro.up o.f l'espira.ble mnterials, 
nnd the authors have interpreted the Cnrbo.ll dioxide liberated as n 
measure o.f the respiratory intensity. Because the latter is a genera.lly 
accepted index of metabo.lism, it has been used ns an aid in studying 
the st.omge behavio.r of pears as influenced by vnriety, mntu_ritv, 
delnyed sto.mge, nnd certnin hnndling practices. . ~ 

Respira.tion o.f pea.rs as influenced by varietal differences was 
studied in Bo.sc, Co.mice, Anjo.u, Flemish Beauty, nnd Winter Nelis 
pears that were harvested nt their optimum maturity and sto.red 
immediately at 32° F. Respiratory detenninatio.ns were made on 
fruits from the different varieties at lrre&,ular intervals during sto.rage. 
Data typical of each variety are shown In figure 4. 

Except during the first few weeks the respiratio.n rates o.f all varieties 
but WInter Nelis gradually increased with the length of sto.rage. 
Altho.ugh this increase was small, it should no.t be o.verloo.ked that 
the metabo.lism of the fruit was greatly restricted at a temperature of 

http:detenninatio.ns
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32° F., and if this increased respiratory activity were expressed on a 
percentage basis it would be lal'ge. The respiratory intensity of 
Bosc pears was the lowe3t of .the five varieties studied, being simil~,r 
to that of the Bartlett pear as reported by Magness and Ballard (36). 
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FIGU'RE 4.-Respiration of fall and winter pears during storage as influenced by 
v....riety. A, Winter Nelis, harvested October 9, 1931; E, Anjou, harvested 
;:;eptember 14,1931; C, Flemish Beauty, harvested August 15,1932; D, Cornice, 
harvested September 18, 1931; E, Bosc, harvested September 8, 1932. 

The Anjou and Flemish Beauty varieties respired at a. rate comparable 
to that of the Kieffer as reported by Lutz and Culpepper (33). Cornice 
was the only variety in which surface scald and core break-down 
became apparent at temperatures of 32°. The restriction in respira­
tory activity of this variety late in the storage season, as shown in 
figure 4, D, was closely associated with the presence of the above 
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storage disorders. A simBar relationship between respiration and 
the presence of pear scald has been reported for BQSC by Tindale 
lind others (44). That the rate of respiration is not a true indication 
of the potential storage life of pears when comparing one variety with 
another is shown in figure 4, A and E, wherein Bose, with a relatively 
short storage life, is shown to respire more slowly than Winter Nelis, 
which at 32 0 has a storage life more than twice as long. 

The life of pears in cold storage is directly dependent upon their 
handling between harvest and storage. Subjecting them to high 
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FIGURE 5.-Respiration of fall and winter pears during storage as influenced by 
immediate and delayed refrigeration after harvest. A, AlljOU, harvested Sep­
tember 14, 1931j B, Comice, harvested September 18, 1931j C, Bosc, harvested 
September 27, 1933. In A and B the pears were held 7 days at 65° F.j in C, 2 
days at 65° followed by 10 days at 45° (simulated transit conditions). 

temperatures between harvest and storage is detrimental to fruit in­
tended for extended storage (44). The effect of such temperatures ' 
during delay before cold storage is indicated by the data in figure 5, 
wherein the respiratory intensities of immediate and delayed storage 
lots of Anjou, Oornice, and Bose pears are compared. 

The data in figure 5 indicate that during the normal commercial 
storage life of pears at 320 F. the rate of respiration is not directly 
correlated with the handling treatment immediately following harvest. 
In figure 5, A and B, delayed storage after harvest resulted in a lower 
respiratory activity of such fruit during the commercial storage period 
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at 32°, whereas in 0 stich treatment induced a more rapid rate of 
respiration. 

After prolonged storage at 32° F., however, respiratory activity 
could be correlated with handling practice at harvest. In this case 
the respiration rate of Bosc and Anjou pears increased rapidly and 
reflected an advanced degree of ripeness, as indicated by color and 
texture of the fruit. 	 In Cornice, figure 5, B, scald and depression of 
the respiratory intensity occurred approximately 6 weeks earli~r 
when the fruit was delayed for 7 days at 65° at hnrvest than when It 
wns stored immediately at 32°. 

Maturity at harvest 	is it vital factor in the storage life of penrs 
destin(·d for long stornge nt low temperatures (24,), Usually fruit of 
more udvn]]cecl mn/mit,}, hus tL shorter stomge life. Results in 
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FIOURJ<; G.-Respiration of '''inter Nelis pears during storage as influenced by mao 
turity at llarvest. Fruit stored immediately at 32° F. First picking harvested 
September 15, 1931; second picking harvested October 9, 1931; third picking
harvested October 30, 1931. 

figure (-j show that the maturity of Winter N elis pelLl'S influences their 
rate of 'l'espiration during storage. Even when harvested within 
the range of marketable maturity, the fruit from the late picking 
generally bad a higber respiratory intensity than did that of the two 
elLrliel' pickings. Furthermore, after 180 days of storage at 32° F. 
the more mature fruit begun to ripen rapidly. This change in ripen­
ing rate was also correlated with a marked rise in tbe respiration of 
such fruit. The increase in respiratory activity of the first picking 
after 150 days of storage was not accompanied by a similar accelerated 
ripening as noted for the third picking. The less mature fruit wilted 
badly and this factor may have influenced the rate of respiration. 
The relation between advanced maturity and respiration is substan­
tiated by additional unpublished results with Bartlelit, Cornice, and 
Anjou pears. Tindale and others (44.) have also reported that ad­
vanced maturity of Bartlett pears caused. a greater respiratory inten­
sity and a shorter otorage life at 37°, whereas Magness and Ballard 
(35) found that early picked Bartlett pears respired at a lower initial 
rate and that this rate increased less rapidly after storage than in the 
later-picked fruit from the same tree. The data in figure 6, as well as 
those of the aforementioned authors, do not support the results of 
Kidd and West (30) who found a greater I'espirntory activity in the 
less mu.ture Conference and Cornice pears both at harvest and at their 
climacteric. 
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Obviously there is some accllmulntioll of carbon dioxide in the res­
piration jars (fig. 1) between periods of aerntion.; the amount, however, 
could not be measured with a Hayes gas analyzer. That this ncclI­
mulation might influence the respiration rate and also the ripening 
of the fruit therein is possible, beca.use Willaman and Brown (4-6) 
observed a temporary higher output of CO2 (due to the pnrtia.l pressure 
of the dissolved CO2 in the cell sap) from twigs and potato tubers 
during prolonged aeration following periods of stornge in closed c1uLtn­
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It'wUIUJ 7.-Rcspiration of Anjoll pears as infllleneed by: A, ContilltlOIiS and illter­
mittent &i','ation (onc 24-hollr period pCI' wcck) i B, ripening at G5° 1<'. afkr im­
mediate storagc at 32° for 50 days, 

bel'S. 13'urthermore, Gerhardt and Ezell (12) found that curbon 
diuxide retarded the ripening of Bartlett pears. In order to deter­
mine whether short periods of carbon dio»:ide accumulation might 
influence the respiration rate of Aujou pears at 32° F., comparable 
lots of fruit were aerated either continuously or intermittently between 
runs during a period of 130 days. The respiration curves for this 
experiment are shown in figure 7. 

There was no significant difference in respiratory intensity between 
the two lots of pears. Evidently a 24-hour period of aeration per week 
was sufficient to overcome the respiratory change in the fruit due to 
gaseous accumulation of carbon dim.:ide within the container. 
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During normal ripe;ning pear fruits undergo decided changes. Dur­
ing the first 5 days in the ripening room little change in respiratory 
activity was noted in Anjou pears. Beginning with the sixth day, 
however, respiration increased rapidly, the climacteric being reached 
on the eleventh day of ripening. The shape of the respiratory curve of 
ripening Anjou is similar to that of Bartlett pears (8). The crest uf 
the respiration rate was correlated with optimum dessert quality of 
the ripened fruit. Senescent changes after 11 days at 650 F. resulted 
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FIGURE S.-Respiration of fall and winter pears during storage as influenced by 
type of fruit wrap. Immediate storage 32° F.: A, Cornice, B, Bose, 0, Anjou. 
The oiled fruit wraps were of commercial stock and contained 17.5 percent oil. 
Cellophane wraps were of the moistureproof grade. 

in over ripeness. The latter condition WIlS associated with a diminu­
tion in respiratory intensity. A comparison of figures 7, B, and 24 
indicates that acetaldehyde accumulation in ripened pears continued 
for approximately 7 days after the interval of greatest respiratory 
activity. 

Some form of fruit wrap is used in packaging the major portion of 
the fall and winter varieties of pears grown in the Pacific Coast States. 
A. comparative study was made of the respiration of Bose, Comice, 
and Anjou varieties as influenced by the kind of fruit wrap. Data 
typical of this study are summarized in figure 8. 

With the possible exception of Cornice, use of plain or oiled paper 
or cellophane wraps did not influence the respiratory intensity of pears 
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during storage at 32° F. With the exception of differences in loss of 
moisture .and in the prevention of surface scald in the Anjou variety, 
storage and ripeni.ng responses were also similar. 

Preliminary storage and ripening observations in 1933 suggested a 
variance in the quality of Bose pears from different producing districts. 
A more comprehensive study of the storage behavior of this variety 
of Pe<:'.rs, as grown in diff~rent, localities, was initiated in 1934. Fruit 
from the Wenatchee and Yakima valleys of Wnshlngton and from the 
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FIGURE 9.-Rcspiratioll of Bose pears during storagc as intlllcllced by temperature 
and by producing district. 

Medford district of Ol'egon was harvested at optimum maturity and 
stored immedia.tdy at 30° and 36° F. Cultu1'l11 practice, tr('e age and 
load, and soil type weI'(' similltr for the two districts of Washington. 
In Oregon, howev('r, thl' trN's were much larger and older, n.nd bore a 
lighter load of smnller fruit. The soil types and irrigntion practices 
also differed considerably from those of the other two districts. 

The results of studies of the respiratory activity of fruit from the 
different (ustricts during storage at 30° and 36° F. are presented in 
figure 9. 

The respiratory intensity of Bosc pears from the three producing 
districts was similar. Although tilt'- magnitude of the respiratory cli­
macteric was greater Itt 36° F., its time of inception was approximately 
the same at both tempemtures. Bose pelLrs respired more rapidly 
during storage at 36° than at 30°, increased respiratory activity being 
~orrelated with n. shorter storage life. However, this increased respir­
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atm,'v activity could not be' cOITC'iatNi fit eit1iC'r tc'mnemturt' with loss 
of ripening co_pacity or differe'nc{' in th(' de'SSNt qllfiiit~T of till' ripened 
fruit. Diffen'nce's in Cllitural practice's find ~rowil1~ conditions of the 
three producing distrietl' could not b(· ('orr'{'latl'd \\"ith diffN('IIC(,S in 
respiratory I1ctiyity nt low tC'mpNaturps. 

ENZYME ACTtnTY OF FALL AND "'(:-iTER PEARS 

BN'aus(' oxidn.s(' and eatnla..c;(' appar('ntly piay such an important 
plll't in til(' Ilwtllboiism of frllits, it was thought d('simbi(' to study th(' 
eff(.ct of Yllriolls f:lctors on th(' activity of tIll's!' e'nzynH'S Ilt hllrvt'st, 
during stomgt" flnd at ripPlling. Th<' n('tivit~o of till's!' ('nz~'nH's in 
th(' difl'('l"l'nt Yil,ri!'tips WitS ;;tlldiC'd III r('ll1tioll to mntLlI'ity, stora~(' 
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Fweng 10.-Etfc,('t of IIlllturity Oil til(' (jxidlL~(' and cM:LI:~sl' :wth'it y of pl'fLrS at 
hun'l'st :~nd durillg- ,;tumg-('; :l.\·l'rit!!:l' :wth'ity of Flemish Beauty, ('omit-e, alld 
BOR(, nl.ri('tiPH. 

tpl11jwrn,tUI"(" 1<'II~th of "torn,g(', rip<'lling, ~1"O\\"ing districts, orchards 
f\,nd spn;;OllS, dl'Y('iopnwllt of PPIU senld, and io('niization within tIlt' 
tissll(,s.

To (ktermim' tlH' infllH·tl('(· of mntlll'it~T on t'llzynH' aeti\Oit~~, 
Flt'mish B!'Huty, ('omi("(', iLnd Bose p('llrs W('l'C' IUUTt'stNi at thn'(' 
matul'itips. The s('cond picking l"('pr!1st'utt'd tIw optimuIll maturity 
fOT f:ommel'cin.i harv('stingj tll(' first a11ci third pickings were 2 weeks 
piLrliN iLnd Inter, (·espcctively. The fruit wns stot'ed at :32° F. im­
Ill(>ciiately after hnlTt'st, and the oxicias(' nnd clltlllilS(' n.ctiyity wer(' 
detenninl'd at harn'st and a,t int('rvals during stomg<'. 

Figun' 10 represents til(' aYPI"ng<' oxidase and cntn.lns(' Ilcti"ity of 
the three maturities. Th('r(' wns a tC'UdC'IlCY for tIl<' oxidase activit,y 



PEAH~ IS THE PAOIFIC KOHTHW,EST In 
to be greater in the immatu1'(~ fruit and this b{!c~une mOl'e evident in 
storage. The nuthol's (7) have previously reported the same to be 

" true for Bartlett pears. The late-pickcd fruit showed greater oxidase 
activity at harvest and during {'arly storage than did that pick{'d at 
optimum maturity. However, during lat{' stol'llgc th(' oxidase 
activity was least in the latr-picked fruit. Cn.talast' netivity \~al'icd 
ra.ther widely within a vari{'ty, ncycrtht'lrss it lw{'ragNI slightl:v kss 
in fruit hnrY('st{'d nt optimum maturity.

In order to study th(' influenc(' of stomgl' t('mprnl,tuJ'r on ('llilYll1l' 

activity, Flemish Beauty, ('omi('(', Bos(', and Anjoll PPlU'S w('n' piclwd 
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Fwcm: 1L-- Oxidas~' aud catalas(' :wti\'ity during stomge of pC'ars :LS illtllll'llel'd 
by storag(' tl'llIpl'rlltIlTes of 300 and 3Ho '''. Ell.eh l'lIn'C' reprL'sellt:; tilt' u\'cragc 
of }<'lclllish Beauty, COlllice, Bosc, and AlljO\l \'arietics. 

n,t, their optimum maturity and st,ol't,d imnwdiat('iy at ;30° and 3GO F. 
Results of o:ddase and cntain.se detcrminntions mnde on tIl(' fruit 
from each temperature at interyals throughout th(' storage season 
ll,re presented in figure 11. 

The oxidase activity was higher ill fruit stored a,t 36° F. There 
was an increase in activity with length of storage at both temperatures. 
At 36° this activity reached its mnximum in 125 days and then de­
creased toward the end of the storage season. Although fruit stored 
at 30° never showed as much oxidase' fl,ctivity as tha,t stored nt 36°, 
it attained a maximum at the end of the senson itnd gave no incliclltion 

http:cntain.se


20 TEl'HNIl',\L Ill'LLETIX. 759. l', ;-;, DEPT, {)F ,\U1UlTLTUHI~ 

of circI'puging In.tp in tIl(' st,Ol'UgP SPHSOl1. I'XCl'pt in til(' I<'lrmish Bpallty 
varirty. 

Cat'ultlsP detel'luiuatiol1s shownc! \Pss l'('sponse to stol'ltgt' tpmperu- • 
t.ul'es thnn did oxidasp. Fruit stOI'PC[ at :36° F. L'Pllciwd a maximum in 
about 125 da,ys and then dpclined slowly. At :i00 t.he cat.alase 1'(' ­

rnailwd fairly 'constant uTltil neal' tilt' pnd of the stol'llg(' season wbell 
thel'(' was a gmdual incl'pasp. 

Oxidllst' activity ILt ILI1 maturities (fig, 10), at both temperatures 
(fig, 11), and in nil vllrit'tit's (fig, 13), incl'PllsNI with tho It'ngth 
of storage, The incrense was greatest in the earliest picked fruit with " 
a maximum incr(':lse of 700 pNeent in the immature Cornice, At 
36° F, oA-iduse Iletivity ulcl'ensp<1 to a mnximum und then declined 
late in the storage senson. In Cruit sLol'('d nL 32° or lower, the increase 
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DAYS RIPENED AT 65· F. 

FWUlmI2.--Efl"cct of rip('rlillg 011 thc oxidas(~ and eatalaHc aeti\'ity of pears. 
A, Average of 27 fmrnplpH of FI(mlish Beltuty. UOllliee, Hose, and Anjou dirf'et 
from cold Htornge and aftcr ripl'Jling to prime eating condition; B, averagl' 
enzyme activity of thc same varieties direct from cold storage and at different 
intervals during ripening at 65° F. 

continued throughout the storage season and never reached a maxi­
mum as grca,t as in that stored at 36°, In general, length of storn.ge 
had compn,rn.tively littlp efl'('ct on the catulase netivity. (See figs, 
10, 11, und 13,) It should be noted that these determinations ex­
tended over a longer period than the nOlUlal storage fOl' Flemish 
Beauty, Cornice, and Bosc varieties and beyond the period at which 
t,hey will ripen normally, There was no definite break in the enzyme 
acti-dt.y at the tinle the fruit failed to ripon, This would indicate 
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that the failure to ripen is llot due to a faillln' of the oxidase or catalase 
system to function normally. 

F'or the purpose of studying the relation between ripening and 
enzyme activity, Flemish Beauty, Cornice, and Bosc pears from the 
Wenatchee district were harvestl'd at three lllaturities, early, com­
mercial, and late, and stored at 32° F. In addition, Anjou pears 
from pickings at commercial maturity were stored at 30° and 36°, 
and Rose pears from the Medford district of Oregon and from the 
Yakima district of Washington were stored at 30°. During the 
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FIGURE IS.-Oxidase and catalase activity of different vaript.iPR of pears at harvest 
and during storagp at 300 F. 

storage season and while the fruit would still ripen normally. oxidase 
and catalase determinations were made on 27 sanlples of these lots, 
both before and after ripening to prime eating condition. As shown 
in figure 12, the oxidase activity was definitely higher in the ripened 
than in the unripened fruit and the catalase activity was somewhat 
lower. In all instances the ripe fruit was higher in oxidase than the 
unripe with the exception of Bose stored at 30°, in which all lots 
showed less activity in the ripe fruit. 

The enzyme activity of Flemish Beauty, Cornice, and Bose pears 
from 32° F. storage was determined at intervals during ripening (fig. 
12, B). Both enzymes increased during the first few days at 65°. 
The oxidase activity then remained almost constant until the pears 
were long past prime eating condition, but the catalase activity de­
creased as ripening progressed. 
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Pear varieties differ greatly iII the length of tim(' during which they 
can be stored and ripened successfully. II' ord('1' to df'tC'rmine whetter 
this characteristic might be duC' to differvllces in ('llzymc content, the 
oxidasc and cl\talasf' activity of FiNnish Bf'fi,uty, C'Qmice, Bose, and 
Anjou pears W!'1'(' cietermiIl('d at harn'st nnd at int('rvflls during tIl(' 
storage s('ason of 1934-35. The oxidase eont('nt of all variC'tif's was 
low at. harvC'st (fig. 13) nnd gradually in('reflse(\ during storage at 30° 
F. Vari('ti!'s showl'd It widt' diffPl'C'J)c!' in cntnllls(' ('.ont('nt nt hn.rvest 
but tIl!' dissimilarity b('clImp less thll'ing storng!'. Although tIl(' 
oxi(\nsr nnd cnlnlnsl' {'on lent of till' fruit delwn<is to SOI11(' ('xtl'nt Oil 

~ 25
0 
0 IWENATCHEE 
0 
U.I mVAKIMA 
I- 20 
ct OMEDFORDIr 
U.I 
m 
:J 15 
~ 
0 z 
ct 
~ 100 
0 

S 
lit 

(\f 5 
ct 
Z 
0 
0 

0 
~ 

FIGURE 14.-- Oxidase and catalase Il(:tiyity of Bose pears from different pror\lIcilll! 
districts as infhl{,Il('NI by storagp ut 30° nnd 3Ho F. nnd by ript'nilll?; llt 65°. 

tlH' V flI'il'ty , it apJwnrs uniik('iy that. tlwsp enzymes tU'(' r('sponsihil' 
fOl' til(' ebnruct('ristie vuri(>tni behnviol' of p<'ars in stol'l1g<'. 

[n order to el('teL'mine whl'tlwl' till' oxidnsl' Itnd catnins(' contl'fl.t 
WI1S fnil'ly constl1nt ill iI \Tllri<'ty or whether it vnript\. with elimat,ie 
or growing conditions, Bosp jWilrs from til!' VVl'lHttclw(' n,nd Y nkimn 
districts of Wnshingtol1, and from th!' ~l('dford distriet of Or<'gon, 
Wl'l'(' hlU'v('st('d at optimum maturity, as n'eonmwll(l('d by Pent;!;!')' 
et nl. (38), and stol'(·d Il.t 30° and 36° F. within 24 hours nfter harvest. 
O:..:idn.se and entnlns(' cll't('rminntions mnd(· OIl fruit dil'(l etiy from the 
two stomgl' tC'mptl l'll tutes, llne! on fruit rl'moved from tlH' 30° stOl'llg(' 
Itnd ripe·ned at 65°, showed thnt the Medford fruit contained about 5H 
times llS much OXif\llS!' ns the Wpnlltrhpc fruit and about 3 times as 
much as that from Yakima (fig. 14). ~[l'dford Bose P!'IU'S also con­
tained about twicr I1S much catalnse as Wenatchee Bosc and 60 per­
cent morc than the Yakima fruit. 

Because it Wll.S ShO"."l that Lhc enzyme activity varied widely in 
pell.l'S of tIl(' smne YlLl'iety when grown in different district.s, Lhe Vil.ria­
tion in til.(' sam!' Yttri(\t,y grown within II. singlt· distriet was t,h!'n 
S1iUdiod. Anjou potU'S from tihrce orchards nncl Bose peal'S from two 
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in the Wcnatc1ll'c distri(~t werl' sl'lt'ctpd and oxidnsc nnd cil.tl1.lil.se l1.e­
tiyity detel'Iuincd nt Jmrvl'st nnd during st,omg<'. Two of Oll' Artjoll 
orehl1.rds wcre l1,t 11.11 d(,\rat;ion of about 850 to 900 feet; olle of them 
WI\S on Il sn,ndy lown Imd the othl'r 011 t'~ hl'lwy lOHm. The thir'd 
orehard was on II. helwy loam but situut.pd 11.1 !til (,le\'ntioll of Il.PPJ'oxi­
Illil.t.ely 2,400 fect.. In one of Ule Bose orchn.l'ds (or-elULJ'(t F) t.Jw 
tl'('l'S were growing 011 n. nwdium loam soil n,nd t.wo lots of fruit Wt'l'l' 
luken, one from Il hl'llvily londed kl't', Itnd t,ht' se('ond from a tn'l' 
Iwaring It llH'diulll load. Bot.h tr'e('s W('J'(, ill g-ood \'igor !tllct tIl(' dif­
f{'n'n{'{' in 10n.d I\PIHt\'t'lItly WI~S tI\I\' {'itlwl" t.o 1l1H'(lIml thinning 01' t.o 
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DAYS IN STORAGE AT 32° F. 

l<'WlTlU; 15.---(hiduHl' alld ("ltalaRl' IL('ti\'it~· ILt hM\'C'st and dllrill/{ :itum/.(\' fJr .\lIjOll 
pears frum diIT('I'(~1I1 orchardR ill (,]1(' "'pl1aielil'C' distriet. 

t.itl' IbmoIlilt, of fruit. st'!. 'rill' sceond on'hard (ordutnl D) loeated 
llPnl'by was on a slightly hClwier soil and Illimy of till' fruits failt'd to 
dl·velop the normal number of seeds. The enzyme n.ctivity in the 
various lots of Anjou PPnI'S is shown ill figure 15. Similar dnta for 
Bose pCI~rs are shown in figure 16. 

Anjou pears grown at the higher elevation wel'e definitely higher in 
oxidase Il.ctivity both Ilt hllrvcst Ilud d.uring storage. They also gave 
It higher pressure test n.t the time the fruit was harvested commcl'­
dnlly. Oxidll.se I\ctivity Wil.S slight.ly grenter on the heavy soil tlum 
on t.he sandy soil (avemge 17.9 ILgllinst 15.4 ee" !mel only lowet·, 
1.5 cc., n.t; one key point on t.he curve) (,Vt'll though tlw pressure test 
at harvest WIl.S slightly gl'l'at,cl' 011 the sandy soil. However, the 
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differences were not very great. ll.nd may not, be significant. The 
fruit; from thl,' higher elevation tended t.o show somewhat greater 
catah:,se activit,y, lllthough th(> l'e1'uits were not condush'c. 

Ai. the time of harn>st there was little difft>rence in the oJ.idasc 
content of Bose pears frop1 the two tl'l't·~ used, one bearing ~ heavy 
load and the othcr a medium load. DlU'lIlg late stol'll.ge (beyond the 
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}l'lG~rlt~; W. -. Oxidase nud t'ntnlns{' ut'tivity durill~ storuge of Host' peafll from 
dilferC'llt orchllTdll and frOli) trees bearing hcll.v;\· and IIIcdiuUl londs of fruit ill 
the sa.me orchard. 

commercial storage S(,I1S011\ the oxidl1se j~ctiyity of the fruit from the 
heavily loaded tree was less than from the one thllt bore a medium 
crop. :b'ruit from the laLter tree tested 1.7 pounds harder at harvest 
than fruit from the heavily loaded tree. Thus the increase in oxidase 
Mtivity duting storage might be due to this difference in firmness or 
llUl,tUrity. The fruit from orclmI'd D averaged higher in both oxidase 
Imd cat/tlnse thlm fruit from orchn.l'd F, but, as it was found that 
mnny of th(' fruJts w('re abnormal in tIl(' number of seeds which they 
developed, the results may not bel'eprcsentatiyc and their significance 
may be questioned. The fruit from the tree having a medium load 
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in orchard D had about the same firmness at harvest as did fruit 
from the lightly loaded tree in orchard F. 

Bose pem's from Medford, Oreg., grown on alight sandy soil and 
another lot grown on a clay adobe soil showed t.he same oxidase 
nctivity during storage in November, whieh was 50 percent greater 
than in fruit grown 011 11 hCI1VY loam soil in the Yakimn district of 
Washington. Catttlase activity of fruit from the Medford sandy soil 
at tlus time was 15.1 cc.; from the clay adobe soil, 22.2 cc.; ILnd from 
the heavy loam at Y\\kiml1, 25.8 cc. Tlus 1l1tter figure is slightly 
greater thnn for nny of the WelltttdlCe lots itt tlus time. III Il p/"(~dous 
puhlielltion (8) the authors lw.Vl' ShOW11 tltllt the ellzyulP aetivity of 
Bttrtlett Pl'lU'S vl],\'ies between orelmrds. 

In OI'del' to obtl1in inJorml1tioll l'('lntive to til(' settsonnl vlll'il11,ioll ill 
Pllzymc Iwtivlty, Anjou, Bosc, t),ud C'omiec pears wel'(' hluy('s1.ed from 
tilt' SlLnw ore1umls in 1934 and 1935. 'L'he ehief diff(\1'(\l1c(' between 
thosp YOttl'S was one of pnrliness of gl'Owing senson, In 1934-35 
Bose und Comiec w('ro hnrvestecl 011 August 6 and Anjou on AuguS1. 
20, whN'ens in L935-36 Bosc were pieked on Septembel' 9 Itnd Cornice 
nnd Anjoll on Sept('mbcl' 17, Using firmness of the flesh when melts­
ured by the pn'SSlll'e test.er ItS an index of 111l1turity, them WitS 11pprox­
iml1tdy 4 to (j weeks' difference in t.ime of hll.L'Vcst between the t.wo 
spasons, The pressure tests at hl1rvest for the 1934-35 and the 
1935-36 seasons were as follows: Anjoll, 11.4 I1nd 1Ul; Bose, 12,9 nnd 
12,2; Imd Comice, 10,9 t1nd 10.1, resppet.ively. Oxidnsp 11Itd natnlase 
cie1.prmin:1t.ions wcn' mMle fit hn.l'vps1. il.nd d IIring stomge ut, 32° F. 
At. the tim!' of h!l.l'Yest. Itnd for tIlL' most pnrt. <luring stol'age, o:xidase 
:md cat.nlnse il.ctivity wore grea1.or in the ] 935-36 senson (fig, 17) 
than in 19:H-·35, Although t.hpl'{· Wi1S loss vl1l'intion in the catalase 
Il,ctivity tlutlt ill j hl' o:-.idasc Iwthit,y in Anjo\J n.nli Bosc -pcltrs in tIll' 
t,wo Sl'asons, ill most. insi.ltlwPs the fonnel' WitS definitely higher in. 
1935-36 tlU1n in 1934-:35, In Comice pcnrs Lhe CI1t.11111se n.e1;ivity 
l\uetul1,ted \\'iddy both in the 1934-35 !tnd in the 1935-36 ston..ge 
selLsons. No explnlliti.ion for this is oirl'red. 

A chl1ngl' mnde in tIl(' met.hod of cle1,oJ'mining mddase nctivity 
pl'eNent.s compm'isoll of o:-.idttSl' t'.ontl'nt b(,tween fruit of the 1933-34 
nnd the 1934-:35 SelLsons, Howen'r, the resllits of cl1talnse determi­
na1.ions on t.he fruiL stored I1t 30° F. for these two sel1sons nre COIll­

pn.mble. Flemish Bl·IWt.y, Comiel', and Anjoll pettI'S froul. the vVmmt­
dH'P distrieL (Anjou tl1kt'll from tltf' SIUll(' oreJlI1/'(1 both yel1rs) nverlLged 
40 to 90 pl'I'cC'nIJ grel1iPJ' in ei1titiase lWtivit.y during the 1934-35 
s£'l1son. In Bos<: peal'S from till' Stnup district, en.talase was mol'(~ 
1;hnn t.wicC' I1S l1.etive in 1933-34 I1S in 1934-35. As there WlLS no 
ml1rkNi clifY('rence in the conditioll of tltl' fruit n.t. Imrvest or in its 
behl1vior in storage during the different sensons, although differences 
il1 oxidasl' and c/Ltnlnse were found, it. is (widC'nt 1;imt thesp enzymes 
itS mcnsured by present methods ilre not closely cOI'relnted with 
physiological b<'lulYioJ' in storage. 

Certttin vttl'ict.ies of penl'S, if held nt tempemtures nbove 32° F. 
but low enough to prevent ripening, dcvPlop sCl11d, ~ro determine 
whether there is lLny 1'ell1tion between sel1ld ItIld mddase t1nd cl1tiloll1se 
neLivity in the fruit, Flemish BCtwty, Comice, I1nd Bosc pel1l'S were 
held t\t 36° until scald developed. Oxidi~se and eatll.lnse lloctivity 
were then determined on the sound and on the scalded fruits. As 

2,';6349°-41-4 
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indicated in table 1 the sound fruit showed greater oxidase and cata­
lase activity than did ~he scalded fruit from the same lots. The 
enz:rme ac~ivity diminished in proportion to the amount of scald 
present j in fact, in some badly scalded fruits there was no catalase 
activity at all. 

30 L I BO~C 1 , 1 I 1 I I 
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OAYS IN STORAG E AT 32' F. 

FlOUR}] 17.-HI':l.SOIlIl[ 	difference in oxidase and catalase activity dUl:ing Rtorage 

of Bosc, AlljOIl, and Comire pears. 


T ....BLE l.-Bnzyme actil.ity of llears as influenced by scald and acetaldehyde 

O ·d . "t ·lr8t8laso nc·Xl sse actl' 1 ~ U"it,' (OsSOllret' nnd trentment (N/lOONllsSsO,) i liberated)
I______i____ 

4.2 
1.2nO~~~~I~I~~iC:" :::-:::::::::::::::::::::::::::::::::::::::::::::::::::::::-l ce.~: ~ 'I' 

Ce. 

6.8 
5.9r01i:~I~d' __ ' :. ::::.:::::::: :.::::::::::::::::::::::::::::::::::::::. .I ~J I 

Flm~~~n~~~l~ty; ......... __ ..................__ .' ............. _.. i ........--.--....1 8.2 

Scnlded.. . ........... -- ...... ' ........ '.' : .. , ............ .0 


Cornic~: 

Sound...... ,. .. ......... ,. '" .............. -- ............... ----•.• ' .. -- ....... ---- .. 9.~ 


Bndly scnlded ...... __........ ... '.'.... .... . .......... 
 .0 

1'en~A~~~~............... , ........... __ ............................ .. 8.2 12. 2 

Plus 0.1 ~rcent of IIcl'rnhlrhyde ..... __......... , ......... ,.. ' 7.3 7.6 


Cornice:

Scalded aft,'r exposure to acetaldehydu for 2 weeks at 32° " .......______1 15." 8.7 


Normal. check .•••••••__ ..............--••••-- ·.~··_.._·_··_··_·_--_··_·_··_-_--_·_·-..J-1'--___1_7._7-'-___ 11.5 
X. 


As acC'taldC'hyde has beC'n shown to bC' correlated with scald devel­

opment (22), it"appeared likely that acetaldehyde might be responsible 

for the decreased activity o(enzymes in the scalded fruits j and this 

possihility was investigated. vYIlC'J1 acC'taldC'hydC' was aciciC'd to pre­

pared enzyme samples from normal fru)tis, such snmples showed less 
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activity than duplicu,tl' samples containing no Ilcetuldehydl'. Also. 
when sound fruit was exposed to ucetuldehydc fumes at 32° for 2 
weeks, surface scnld developed and oxidllSC and catalase activity 
dccrellscd. 

In order to dl'termine the distribution of the enzymes in the fruit, 
SI1111pleS of ComicI' lwnrs takl'n with a cork borN at right angll's to the 
10llg axis and tIu'oug]) the greatest dillmeter Wl'I'e divided iuto outl'r, 
middle, und core Tegions. The core consisted of the center purt of 
til(' sample, including the seed cavity (but. not the seeds) and closl'iy 
adjoining tissues. The remaining part wns dividl'cI l'qunlly into (1) 
outer region-part next to tllt' surface but with the skin removed; 
lind (2) middlr region-purt bt,twecn core nne! outer region. The 
results nre given in table 2. 

TAIlLf; 2.-Localizalion of enZJ/mes in Co-mice 1}cars 
I' -- . - I 
i OXirlIL~('lIctil'iL\' I-C~tl!hlg(, ,\('­Part l)f fruit '( -,/ •. 0' \I"II\' (02I '" H)(J ~ II,,,, J) lib,'ratml) 
.-----j 

Oul(lr r~gion~". ~ .. ~ ~ __ ~_ .. _~ .. ~. _. __ ~_~ __ .. ___________ .. 'Ow ""_ •• " , Ce. 13.31 Ce. 5.1____ __ ..... 

4,2- 20.;~~~d!~~~~O~_",.:.:,. -:: ::::::: .. :::-::::':::::::::::::::::::::::::::1 21. 7 , 20.9 
.,_~L.___._ 

- -~~~.. --.•. "- .. ------~ 

FIGURE IS.-Section of Comice pear showing the localization of greatest oxidase 
activity as indica,ted by the benzidine test. . 
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The oxidase activity was greatest, in thc core region, bcing 63 
percent more active than in the outer portion and five timns as activp 
as in the middle. This is in agreement with the benzidine colori­
metric test applied directly to the tissue (fig. 18). The first visible 
indication of scald or corc break-d;:>wn is a browning of the tissues n.t 
thc surface, or n.t the core. These are thc areas in which there is till' 
O"reatest oxidase Iwtivity, and the browning may well be brought about 
by the oxidase n.fter the cells have been injured by certain products of 
respiration. On.ta.lnsc n.ctivity was approximn.tely thc samc in the 
corc and middlc regions, in both of which it was four times as activ{' 
n.s in the outer region. Thesc results are in general agreement with 
those reportcd by Harding (20) from work (In Jonathn.n apples, ill 
which he found the catalast' activity highest in the center and decreas­
ing progressively toward the outsidc. 

SUGARS, STARCH, AND SULIDS 

In order to determiIw the degree to which maturity mn.y influence 
the composition and condition 5 of winter pears at harvest and in 
storage, Win ter N elis fruits were picked from the sn.me tree on Sep­
tember 15, October 9, lind Octobcr 30 and placcd immediately in storage 
at 32° F. Repl'escntative snmples were taken for chemical analysis 
a.t hnrvest nnd nfter specified intervnls of storage. Data from this 
study n.re presented in table 3. 

There was an increase of approximateJy 6.8 percent in the totn.J 
solids of Winter N elis pears when harvested at intervn.ls over a period 
of 6 weeks. During this time the alcohol-soluble solids increased 
31.5 percent and the alcohol-insoluhle fraction decreased 27.6 percent. 
The alcohol-insoluble solids of Winter Nelis, as shown in table 3, were 
considerably higher than those reported for Bartlett (6) and Kieffer 
(33), as were also the reducing sugar and total suga,rs. In the Winter 
N elis pears these soluble carbohydrates increased approximately 32 
and 67 percent, respectively, during the harvesting period of 45 days, 
and sucrose increased 213 percent during the same time. Mal'tin 
(36) also found that the sucrose content of Bosc pears increased with 
maturity at harvest. The alcohol-soluble solids in table 3 are greater 
than the acids and total sugm-s, plus starch. This indicates the 
presence of some undetermined constituent in the alcohol-soluble 
fraction. Martin (36) recently reported the presence of sorbitol in 
Bosc pears in amounts as high as 3.72 percent. Starch, although 
present at each picking, decreased rapidly with advanced maturity at 
harvest. 

Data in table 3 indicate that there was a more significant correln.­
tion between the carbohydrate composition and the maturity of 
Winter Nelis pears at harvest than after storage at 32° F. The pres­
sure test for firmness of the tissue, however, could be correlated with 
maturity at harvest as well as after prolonged storage at 32°. 

That the kind of fruit wraps used in packing pears has no sig­
nificant influence on the chemical composition of the fruit after storage 
is shown in table 4, which presents data on Anjou pears harvested at 
their optimum maturity and wrapped in either plain, oiled, or cello­
phane papers, and stored immedia,tely at 32° F. . 

.1 As used in tbis ImlMin "condition" is a gllOl'ral t.erm wb!eh ~mhraccs those factors t.hat. am'ct, the IIppear­
"ntoe and keeping quaJitr of th,. fruit., such as bruising, decay, scald, bre~k·down, sbrivelinlf. 

http:intervn.ls
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TABLE 3.-Firmness, condition, .~olids, sugars, acids, and starch in lVinier Nelis 

pears as infl1lenced by maturity and length of storage. Fruits stored immediately 
at 82° F.I 

~ ,s.'" :c'" I ... 
§, 

j , 
g, :l 'Ocr. 

v.I.., 'C~ co!!: ~:s:: :l 
~ 

Picking 
'" Condition and appear· ~ ~E :(s: '" " ance ~ "" '" '" ~ <; ~~ '" ~ 

:l 
.c '" c ~3 S ~ l:: '" ~ E ~ ..= ~ c iii ;; E ~ 

rJj iZ E- -< -< f:- ~ oc E- m._----- ,--­ --- --- - --- --- ~--~. . . ­--~ 

Lb.,. 
pre.· ,

liuy., ,ure Pc/. Pct. Pc/. I'c/. Pet. Prt. Pel. Pet.gxcellent ........ 18.~ 0.191 10.40 ;.49 1;.89 n.1O 1.4i i.57 O.9'):!8 .. 110••• 15.U . 19(\ 12.29 fI.S.'; 19.14 11.88 2.5S 9.4, .3!!:I 
-~ 

0Flr"t (1"epl. In, 19:11. I~I Sllghtlyshrlvelietl, fllir I:J..i • 1Il3 13.2'2 tUg 19. il H. (,2 I.M 10. I. .0Il210 Severely shrivelled, KS .152 I:UH 5.49 19.a:1 8.li9 1.49 IO.I~ 00slight scald. 
gxeellont ..... 15.0 .20<J I~.()O 0.80 18. SO n i5 ~. 72 9.4i .a53i do....... 


129 .. do •... 

f;econd ((k!. 9. 10al) {() I:!.P .IS5 12.fil ;. OJ 19. fi2 ;.10 2.fi:! P.72 .00

11.3 .12S 13. ;n .1.1i5 111.41 H.44 1.9; 10.41 .0024; Poor. moderate senld i.l .11l~ la. :.!7 5.48 I~. i5 X.15 2.03 10.18 .00gxeellent. ... 12. 9 .!!2:j 13.08 5.42 8o(H19.10 4.61 12.6., .10 
Third (Ort. :lO. 1031) { 2g do........ 12.r. .198 13..13 5.38 18. III i.tlS 2.72 10.40 . OIl
108 tlo....... 9. i .182 13.:12 
 5.~5 I~. i'i 8.79 1.3& 10.17 .0022'1 Ponr, moderate ""Rid. 5.4 ~ J}:l 14.21 ~. 4; IKil 8. i8 2.11 1O·~gi .lKJ , 

I hxprc.~sed as percentuge of fresh weight.. 

The changes in soluble carboliydat('s during storage were similar in 
Anjou (table 4) and the first and second pickings of Winter Nelis 
pears (table 3), but the quantity found was less in the AnjolJ than in 
the 'Winter Nelis. Alcohol-insoluble solids and total acids decreased 
during storage but could not be correlated with the kind of fruit wrap 
used. It should also bt' recalled that the type of fruit wrap did not 
influence the respirntory activity of comparable fruit (fig. 8). 

TABLE 4.- Firmness, condition, solids, sugars, acids, and starch in Anjou pears as 
influenced by typ!' of fruit wrap (lnd len gill. of storage at 32° F,I Harvested Sept. 
14, 1931, and stored l:m:lIU'dia/ply 

1 
Condition nntl npl'.mr· i ~ 

nnce c
'rype of wrap 

.c
] l:! 
r.. 00" ._-----------_.- --- _.......... -........_---- -- -_.-....--


Lb•• 
pre.,·

J)ay. .W" Pet. Pet. Pel. Pel. Pet. Pel. Pel. Pd. 

I
0 Exl'tlllent_ ......... .. 11.3 (J.281 :1. 00 n.07 16.13 5.84 1.S8 7.720.41Z; ___ do c_ .. ___'" .. • 1\.7 .2&2 12.00 4.12 16. 18 6.48 2.12 8.flO .00 . 92 ... do.. . 12.0 . ~13 12. R2 :I.2i lIi.89 7.07 1. 66 8. i3 .00 

1'luln wrllpped .... 1 J54 SI:;e~IY shrivelled, 809 .I!II 12.06 4.01 16.0i 7.50 1.56 9.12 .00 

i.O .185 12.6\ 3.;1 IfI.32 7.fi9 1.28 8.97 .00 
i :;: .:~g~~::~~._~~~~::. 4. 9 . 14;) 12.87 3.94 1Il.81 i . .'i9 1.53 9.12 .000 Excellent............ . 
 11.3 .281 11.06 5.07 10.13 5.84 1.88 7.72 .41

Z; .....do_ .........._... 
 11.7 .280 12.13 4.00 16.19 0.48 2.32 8.80 .0092 .•... do....c ............ . 
 11.3 .239 12.49 3.58 16.07 7.11 1.34 8.45 .00 
Oil wrapped......_. ~n 'Rip~~lng,' yeiiow 8.2 • 194 12.09 3.95 16.04 7.38 1. 59 8.97 .00 

7.3 .176 Il.51 4.20 15.71 7.62 1.19 8.81 .00color. 

I 
1 

0 
272 ....do ........... _.... 
 5.0 • 143 12.2i 4.00 16.2i 7.85 UI7 9.52 .00gxcellent.........._.. 
 II. 3 . 281 11.00 5.07 16. 13 5.84 1. 8R 7.72 .41 

11. 3 . 283 12.08 3. iO 15.78 d. 5.~ 1. 92 R.45 .00 
11.2 .217 12.32 3.39 15.71 i.11 2.01cellOPhaneWrapped 9.12 .002~ 'R;i)~nl~~:::~~iiow 7.1 .lR2 12.0\l 3.35 10.44 i.40 1.86 9.2fi .00color.j ri.7 .152 12. IiI :1.30 15.47 ;.08 1. 44 R.52 .00272 ..... do ...... 

I Expressed as percentage of fresh weij!ht. 
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The influence of delayed storage at 65° F. on the composition of 
Comice and Anjou pears during subsequent storage at 32° is shown in 
table 5. 

TABLE 5.-Firmness, condition, solids, sugars, acids, and starch in Anjou and 
Cornice pears as influenced by delayed storage at 65° F. and by length oj storage 
at 32°.1 Harlles/ed Sept. 14 and 18, 1.931, reS1)ectillely 
-----~ ..--,------------,---..--=-.....,--...,....---,,--.....,...-- ­

ir.: 1 	 .e ;I~I~ 
~ ~ "0_ ~ ~ Vl '; ~ u; I~ til 


V'n.rh1t.yaud lypt' == f'ou<iitiol1 unit .~~ 11 - !;g 1.~;g ~ ~ 

• 	 "IJ(M'Urallt"t> ~ - s. 0 0 t - c I C c:J :::',of storage ~__. ~ ~ w, .:Ul t 9"" ~ tn ... -'5 
~ 	 ;::§ 5 g I] {.§ t '§ '­
_ 	 .- 1,0 <- <- =~o 	 ~;=·rO
"I, 	 ~~ ="'" _00 ~rn 

I '-\-	 ·--··----i~i~~.·· ... ----------- ­
·n"v. 	 .ure Pel. Pcl. Pel. Pel. Pel. Pel. Pel. Pel.'! 0 ~:x'.dlent.. __.......... 1:l.3 0.281 16.13 11.00 5.07 5.84 1.88 7.720.41 

· Zi .do __ ......... 10.8 .281 15.98 11.89 4.09 0.59 2.14 8.7:!.00 
· 93 do 10 - .216 16.23 12.93 3.30 7.05 1.68 s.ia.m 

.... njoll'..irnrnNlialf' I! 1M Sligbti;'shrfveiied·. 8: 5 . 189 16. flO 12.58 :1. 92 7.46 I. !i9 9. Or. .0(1
good. I 

$IOr81('·. 241 Severely shri veU ... .l. 6.0.143 16. 241 1:1.02 3.2'2 7. 751 I. 4!; 9. ~~Il' 00 
poor.

Zi2 Light color, ripening, 4.8.14:1 16.67 12.94 :1.73 7. 6711. ~5 9. 12 .00 
poor.

0 Ext..,llent______ .__ 12.9. ~'67 16. 11 I~. 35 3.76 6. i4 I. 9<J K 731 • 10 
:10 ..•c!o ......... 12.8 .~>!ltl 16.42 12.111 :1.81 7.12 1.75 8.87;.00 
A5 Rlightly shrivl'llec!, 11.7 .2:12 ttlJ05 I:I.(~I :1.52 7.20 1.7i 8. g7 . t)(j 

A nJolI-"rla~·.~<1: 147 J i~~1c!CcJ1or ripeni g 8.6.246 111.08 12.01\ 4.00 7.R1 1.08 K!<!l: .liO 
,turagt'. \ - ~ poor. r n , 

11;t~ .. ::·3~:::::::::::====:: ~:g ::~~ :U~ g:~t; ~:g1 ~:g;'j l:g g:~ ::~ 
0 ExcellenL____________ 9. [, . 159 16.110 10.47 ttl3 5. fl7 1.90 7.57. 2>i 

:13 .... do...._____________ 9.0 .171 15.94 10.14 5.80 6.a2 1.24 7.56 .ou 
cou.lit......immecli. 88 ...... do ...........______ 8.71 .159 I.'.~'!I 10.55 4.74 ti. 72 t..'i:1 8.25.00 

ntr ~Iorn~e IflO Fatr, no senld. ..... ~: ~j .150 14.9:! 10. ti-! !:~ ~: ~ I. 19 7.49.00 
. 	 177 Severe scald, pour. .... .Ial 14.97 tn. 94 11'.3\}Zi 7.65.00 

208 8evcrc scnlc!. tissue Ii. 2 .114 15.07 11. 4R :1..,9 ti. i3 S. 12 .00 

t'Ollapst'. 	 I. 68 8.16.301 	 I I
0 Exc.... lent.........---- 9. I • 1501 16.69 10.67 6.02 6.48 

1.33 8.25.0026 C!O 8.5 . 183 16.:13 11.12 5.21 6.92 
1.00 8.10.00COlllicc-drlaved S2 ·siight1y----s·Iiri~.:li;.~I:· 8.4 .171 11i.08 11.01' 4.07 7.10 

stomgr • good. 	 •I 	 I
.. . 143 Se"cre scald, poor . 4.2'1' 1471 14.07: 1O.75j 3.92: 6.48 I. .,7i 8.05 .00 
201 Severe scald, tisslle I 4.7, .1121 14.c.'i1 11.11· 3.54,6.74 1.31' 8.01; .00 

collapse.: 	 11 
I ~:'(Jrr"... d lIS percentage of fresh weight. Fruit delnyt'(\ aL r.,o F. for 7 days prior to storage at 32

0
• 

D<>\aye<i storage effected a greater change in the physical condition 
of both Anjou and Comice pears than in their chemical composition. 
Furthermore, the storage life of both varieties, as shown in column 3, 
table 5, was considerably curtailed by delayed low-temperature stornge 
at harvest. Both varieties decreased from 3 to 4 percent in firmness 
during 7 days delay at 65° F.; th('y also lost approximately 5 percent 
of t.heir total acids. However, delayed storage caused a much grcnter 
change in the composition of some of the .Anjou pears than of the 
Comice. For instance, the alcohol-soluble solids in Anjou pears 
increased 11 percent during this delay, whereas those in Comice in­
creased only 1.9 percent. Likewise, the insoluble solids decreased 
about 25 pen:ent in Anjoll and only 1.7 percent in Comice, while dis­
appearance of starch was confined to the Anjou variety. 

During stora.g<> at 32° F., the results of chemical analyses presented 
in table 5 indieated thnt differences in the composition of lots of fruit 
stored immediately at 32° and of others delayed at 65° prior to storage 
at 32° became less as the storage season progressed until little sig­

~ 

.. 

~ 

.... 
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nificant diffl'rl'llce was evident, although on the basis of physical con­
dition it was ttpparent that the deln.ypd storugl' lots hlld rip?ned more 
ut 32° than had tIll' lots stored immediately. This agrees with the 
rl'sults of Lutz and Culpppper (33) for Kil'ffer pears. Data in table 5 
show that Anjou Jwars hud a, greater acidity and a higher cont./:lnt of 
alcohol-solubll' solids and total sugars than did Comicl'. Total acids 
and alcohol-insolubll' solids in both varil'til's gradually decrl'us('(l wit.ll 
prolonged storagt' Itt 32'\ but there was no definite change in soluble 
cnrbohvdratcs. 

Cornice pellrs scaldrd s(werely whl'n stored at 32° F. for 177 days 
following imnH'dintl' storage, or for 14;) days following dl'lay('d 
storage; nfter 208 Itn<l 201 dnys, rl'SI)('ctivd~T, both lots of fruit w('rl' 
('omplptl'ly scnldl'd, und thrir Aesh und COI'{' tissups hl'cnml' soft, dis­
colon·d, nnd disol'gunilwd. TIH' dpwlopnwnt of thpsl' ('onditions in 
th<' fruit could not lw corrl'lntcd with results of cnrbohydrntt' Il,nalyses, 
fiS shown in tablt· 5. 

During thl' S<'ftson of 1933 a study was mlldp of thr dif!,pl'<'nt fOl'ms of 
fl'l'l' reducing sugn,rs that comprise t.iIP so\uhlt· cnrboll:nlmtt· fraction 
of fill! and willt<'r pears. Tlw distribution of tltf'SP sugars was studil'd 
in relation to variety and ma,turity. FI('mislt Beuuty, Bose, COml<'I', 
lind Anjou peaTS were hanrested at three maturitips. Clwmicnl 
nnalyses were mno{' a.t harvest on compu,l'u,ble fruits of each matUl'ity. 
Datil, relative to this work are shown in table 6. 

TABLE 6.-Firlllncss, wgars, awl acidity of fall and winter pear& (/3 influenced by 
1//(/turity (/1/.tI by I'ar/:rfy, 1.983 1 

-----..,.----- --------,,.---,---,----.----,--.,------

I I I.! ! " IHat;,,: : 'I'o1'iI
\}aH' Imr· ~-inn- (1\\1- I fruc-· SI\- I utal ~ [nwlo,",1 1111 "\'IdVariety 

veslNI nf'.$$; {'(l~ lose eros(' ~tJgnrs i ~1t1(.oS4" \"ahU', df~~.)I 

I 

POI/lids 

prtluttl", , PeruIII PrrfrIt' Perccllf Prrall(i Pactl//
{".lIg• 11. . ___ .. _, 1:1.\1 1.11 :I.l'.2 1. 57 13.m 

; 

:1.44 4.:\1 \1.liO 
flemish lIeallty_ _ , AII~. 21 •___ ! 11.6 1.07 '1.17 - 2. \I 7. J.i :1.00 4,32 .14~ 

\ S{\JJt. Ii , 10, S .!«l :l. iO I 4.59 II. IS . .t.7;1 .111 
14. r, 1.2fi , :l.71 I 2.(>1' 7.. fi51 2.94 .I:lZ\t\l~·:.!8 -- ::;;IBoSt~ ~_. __ ... ______ .. , ~ FllpL 27 ~ 12.1 1.24 ,1.(19 I 3.4" S. is ! :\,;j(j 4.67 I''''0\'1. 16 ____ O. i I. 24 ·t 74 I 6,45 12.4:1 I :3.;;2 4. iO .10,; 

fAIII!. :10 12. -1 1.19 4.:1O i 2. t:! . ;,70 a. fi9 4.38 .2O!i
Comicc. __ ••___ •___ .: i'ep1. 19 

-"' 9_" 1.24 5.3" I :2.b7 ; n, lP t 4.34 4.12, • 2'2~ 
! Orl. 'I _ -,"- fl. 2 .7; I 6.10 : 1.1:1 11.00 7.02 • l.j~ 

{AII~. 2S - ~ ,.-. I.:l" i .79 ! 
,1..',.1 II.;, n ~, 114 6. OS , 2.92 .24.'1

•\nhm ______•_______ i'\·pl. III 
1.19 

--. ItO 4.17 . 2,0\1 i s.m .t.m; 4.0\ .. 207tlil,01'1.'1 -_ .. H. i 1.03 4.59 3.3:1 8.U" \.4.'; 4.18 f .Hl6,
------ i I 

I Compositional dats oxpres."I.'d as perecnlRge of fresh weight. 

Glucosl', sucrose, and fructose arl' the soluble sugars that constitute 
the total sugar fraction. Glucose was pl'esent in least amount and 
decreased as the fruit matured, Varietal differences ill ghlCOS(' con­
tent were small. Fructose WIiS the predominant hexose sugar in all 
of the varieties included in table 6, In Bosc and Cornice, this sugar 
increased approximately 27,7 and 38.9 percent, respectively, during 
the harvest period lind attained its highest concentra,tion in the Cornice 
variety. Sucrose also increased with maturity and reached its 
greatest accumulation in the third picking of the Bosc variety, 
Evidently sucrose and fructose are the forms in which sugar accumu­
lates in maturinglears, The ratio of fructose to glucose increased 
with maturity an attained its highest value in the Cornice variety 
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in which it \\'ns npproximntply K to 1. As both SHcros(' nlld fructose 
111"(' swpplpI' thnn glucosp, tlwiJ' incrPHsP, ~ogpthpI' with thp gl'l1dufll 
loss ill acidity, dOl! htlpss p)..-pll1ins on 11 rlu'micl1\ bnsls thr inC'J'Pllsed 
sWr{'bwss of thr morr mubu'e PPIU'S, 

eel'tl1ill nU'idirs of fnll and wi,ttp!' ~eaJ's fa.il to ripl'll 1l()I'mltlly 
wltrn l'l'mon'c\ to trmpP!'I1 tlu'ps of 650 1., aftf'J' pl'O\ollgrd stol'llgP at 
~2° (10,28, 4,n, Exp('I'inH'llts wpre' conc\ud('d to c\pt.rl'mlnf' whetlwr 
this stol"ltgr disoJ'dpl' ('nIl 1)(' ('0 I'rrlnt('(\ with carbohydl'at(' composi­
tion, Bosc und ('omic(' PI'IU'S W('I'(' hn.I'V('st('c\ nt optimum commrr­
cinJ mn.tllrity Ilnd Rto!'('d imnwdiutl'ly I1t ;~2°, Chf'micnl IUlnlys('s 
W('I'(' Illllc\(, on hoOt 111(' ('old-stol'('<\ and tltr, l'iI)('lWd fmit I)('for(' and 
Itftf'r Uw OllSrt of n.hnormn\ I'ippniltg Tll('s(' datn nn' pres('lltl'd in 
tabh' 7, 

Til RU; 7", ('lIrllfJ/I1/tirll/I'" (/11.(/ ~()Iids ill Hosl' (/'l/.d ('01llicl' p('ars II" i lI/ill(,lIced by 
, 1lOru/(/i (lwl '1/Jll.Or1ll(l/ ripenillg,1 I.'JS.j 

Akohol·solllblc Akohol·i nH,III' 1'otul solids nllJ('o~t'solidR hIe ~olids 
!latenC Hipenlng ,- . ----"-_.,-------_...Vnriet)~ --- ­

snlllplin~ ('Hpnrij~' 
In Hipell' In Ripell- III Hipell' [n Ripen· 

!-Itorllj.!P. ~d stOnlj!ll ~d storage ed slornge ed 

Perct:nt Puant Pucenl Perrelli Percelli. Peru1It Percent P~rcelll 
Bose ,,,. {NOvember Xorlllni 14.H 1-1.70 3.26 3,24 Ii. iO 17.94 I.:l!l 1.39 

. Murch .. Ahnormnl' 1-1.73 la, 9·1 3.15 3.09 17.1'8 17.0:1 2.11 1.72 
COlllice. _ {l',o\'embcr Kornu\) 1·1. IS 1:I.SfI 2.-13 2, f)5 Jr.. 61 16.1j.! 1.44 1.14 

March Ahnormnl' , 12.111 H.rnl 2. ·12 2. J1 15.:1:1 1r,.20 1,41 1.29 

HIlli,,; 
I Cructose~·ru('lOsc ~ucr(}t=:e ']'otnI sUJ!nrs 
I glucoseI>Ille oC Hipl'nllt~Variety 

~.. ~-~.-sl\mpliJ1~ CHlmrity -, -.. - - ~-- -.. 
In Hip""' In Hi pen· [n Hi pen- III Hipen­

$lnrtlJ!t' ed S10rllJ!£' ed storngl' cd .. tortlJ!e ed 

Perct'lll Percent Parelll Perre-TII Parelll j.Jerrellt 
Bose JX o\'e'lt hl~r ~or1ll1l1 :1. :lO .1. 10 I. 21 1:17 ;1.90 G.8il 2.38 2.95 

11\IIlr('h A hnnrmnll 2.71 :I.H 2.611 2. ·12 7.51 i.28 I.2U 1.1':1 
ComiC(' (Xovemher. l\"ofllUil :1.0·' :J..Ifi 3, r.1 3.a5 8.12 7.9.:; 2. II :1.01 

l:\[nr('h AhnOfmal 1. fi.·I~ 7,10 .7,:; .61 H. 67 9.00 Ull .i. r~) 
( 

1 gxpressed us I>t.'feentagr or rfl)sh \\"pichl 
2 'l'he:-e lots rniled to Sorh'" unff ripen norrnnll) a1. a It~ml)('rnlllrp tIC fifie Jo'. Bn~(' remuined hard and ~run~ 

ulnr. and ~cald. lis..c;up di:-("nlofntiol1, nnt! ('on,' bn'nk·dnwll Wl'fl'" pn':O:f'Ilt ill Cornle('. 

DuriTlg' 1I000mni rip('llillg, ppnl'R IllldC'I'gO II IIlllrkl'd c11l1llg'e ill physical 
condition, 'I'll(' color Cltllllgl'R from dark gn·pn to \'arying ~';}Ind('s of 
yellow, Therr is n. llln.rkC'd sofl!'l1ing of thr Hl'sh, which chauges 
from a firm crisp textlll'(' to n buttel'likl' consis(mcy. D".ta in table 
7, however, indicatl' that tllf'r(' ic; 110 concomit.ant c1mn.gc ill the 
carbohydl'lltrs in Bosc and COllli('p PPI1I'S during llonlllli I'ippning, 
In this respect tIw dntn Ill'P similnl' to those' reportl,d (or the' Kieffer 
(33) and Bltrtlptt Yllrietips (6'). Th('!'r wns sonl(' ncc1l1l1u\lllion of 
frllctosp during normnl ri})('ning of Bosc and Comice prn,l'S, and ill 
this resp<'ct the datn in table 7 nre similar to those reported by ~Inl,tin 
(36). 

The results of cnrhohydl'ntp Ilna\ys('s gn\'l' no indication of any 
apparent chltng<' in tIu' mctnbolis1l1 of tIl(' fruit that resultf'd in the 
loss of normal ripelling cttpacity. Even thp presence of sPldd, core 
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break-down, or tissue discolol'n.tion was accompanied by little change 
ill the carbohydrate content of the n.ff('cted tissues. The data in 
table 7 indicate that the loss of l'ipeniJlg ca.pucity ill pelu's is brought 
about by physiologicnl factors otht'r than changes in carbohydrate 
content. 

ACETAUlEllYDE CONTENT 

The role of Ilce-t.alddlYcit' ill plant me-tllboiism hus !'('c('ivcd consid­
e-rn.blC' llttl'niion sincl' tIll' eaI"lil'I' work of Thomas (43) on the relation 
of ace-tnldchyde- to clll'hon dioxide- zymnsis, find tlUlt of Rarl(!y and 
Fishe-r (22) 011 thl' conl'latioll bdwe-l'll tho se-verity of scald and brcnk­
down und the cOll('('ntration of acetnldeityde in till' tissue-s of Bm·tlPtt 
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FlGQRE ] 9.-Acetaldehyde content of tissues of fall and winter pears during 
storage at 32° F. as iJlflucllced by variety. Flemish Beauty, harvested August 
15; Comice, September 19; Bose, September 9; Alljoll, September 13, 1932. 
All varieties were stored iml1lediately at 32° F. 

pears. Tindale and others (44-) hav(~ recently reported that accumu­
lation of ethyl alcohol Imd llcetaldchyde in Bartlett pears could be 
corrdllted with a progressive replacement of the normal oxidative 
metabolism by one of an anaerobic type. This replacement was 
usually associated with ovel'ripeness 01' the preS(,llce of certnin storage 
disorders. 

Studies were initiated dming the season of 1932 to ('valullte the 
change in the acetaldehyde lind ethyl alcohol content of different 
varieties of fall and winter pears IlS induced by diffe 'ut practices in 
llfmdling, storage, and ripening. In general, the alcohol values 
varied directly with the acetaldehyde concentration and their incor­
poration here would offer little additional information. For these 

256349°-41-5 
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reasons and in the interest of brc\Tity only the acetaldehyde da.ta 
will be presented ill graphic and tabular form. These data are 
L~presentative of several additional e)..-periments of a similar llllture 
made during the ycars 1932 to 1935. Data in figure 19 are typical 
of the results obtained l'elatiye to the acetaldehyde content of faIl and 
\\Tinter pears as influenced by vadeLy and b~; length. of storage at 
32° F. 

Data in figure 19 indicate that the acetaldrhyde content of all foul' 
varieties of pears increased with the length of storage. This increase 
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FIGURE 20.- Acetalrlcltydf' cOlltcnt of til'l'ucs of Flemish Beanty and ComicI' pears 
at harvest and during :;t.orage at 32° F. al'influenced by maturity at harvc:,;t. 
A. Flemish Beauty: First picking August ll, 1933, at 13.9 ponnds prCi'sure; 
second picking August 21, 1933, at 11.6 pounds pressure; third picking Septem­
ber 6, 1933, at 10.8 pound" pressure. B, ComicI': First picking August 30,1933, 
at 12.4 pO\lnds pressure; second picking September 19, 1933, at 9.S pounds 
pressure; third picking October 4, 1933, at 9.2 pounds pres,mre. 

was grea.tost in til(' Comic(' ,'ariety whel'l' its l'I1,pid tlccumuiation aftl'r 
140 days of storagr was associated with scald and core break-dow!l. 
In none of tll(' otlH'I' Ynri('tirs WC'1'(' tl1('sr storngr disordrJ'S found during 
a similar prriod nt 32° F. i the !lCClmmlation of acetaldchydr in HlP}!' 
tissues was u.lso corrC'sponciingiy kss. 

The infiu('uce of maturity on tilt' aCt'tald('hnil' a.cclImuiation in 
Flrmish Bl'ltuty and Comicr PN)']"S is shown in flglll'l' 20 and table 8. 
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TABLE 	S.-Firmness, acidity, acetaldehyde content, an{t condition of Comice and 
Flemish Beauty lJcars at 39° F., as influ.enced by 1I/aturity at harvest 

" 	 COMlCE 

I IAc~tllld"J- ' 
Date of Storage Firm- • pH Total acid' Ind~x hyde in I 
ban'cst period ness "nluc (1lS citric) I figurc 100 gm: of' Condition and 8P1warnnt'e 

I 	 fresh tiS' 
, sue I 

---I 	Dav.• :.~~:::~~ ·--;=l-~o-.-
J/y. , 

U. ~\2 l;;xc"<!lIem. 
I 22 10. • 4. 14 .2:13 10. (j .42 , Do. 

Au~ 31', 50 : 11.5' 4, 16 , .229 W 1 .40 ' i;hri,·~Il~d. 'Ii~htly tough. 

II a ' O. 2"~' 12. U12A, 4.3S 

1933 • , 8.1 12.1, 4.24' .21fi 17.0 • ·13 	 Do.
•• , 111) 12.5' 4.2.1 .IW, 17.S .65 Do.I 152 9.2 I ·!.:IS' . 1,5 Itt t ' .ns Do. 

i .•54 flo.18~ 	 lJ I ~:g' :~f.t ~:!:~ 

1	 
• 42 Exr('II~nt. 

, 2S 9.5' 4, !!:l . '-'Os 17. U .47 Do. 

" '(is 9.S: 4.:12 .189 lItl .41 Do.
~cpt. 20, 92 10. () i 4. :IS .173 15.1 : .~2 , Good. 

\933. 	 132 ' s.!l: 4. ·15 • 140 lfi. 1 , l.li5: Do. 
4. III ' i;lielll ,"rflll~' scald.~1 	 ri:ll t8; :[5; 11:5: H. f>l >;oft. ~1'\'I'f(' '1'11111. lisslll' ('ollnpsc . 

0 9.2 4,5:1, ,liS 12.7 . 40 ExC('lI!'l1 L 
16 S. 6 '1.33 . If~) 18..5 .36 Do. 

Oct. 	 4, 49 o.a 4,40' .1.16 12.0 .3·1 Do. 

· .4 Good.
1933., ( 	 I~i g:~ !:~ ::g :~:2 1. 51 . Y (\llow co1or. SOllW riPNliug. 

I 155 •. 21 4.60 j .116 13.9 5.21 ' Slight surfaoo st'nld.
1-----,,.. 

FLEMfSfl BEAl'TY 

I
0 13.9 , 4.31 , 0.171 r 18.2 . 0.00 ! Excellent. 

42 10. !l 4.29 1 .156 20.6 .26 : Do. 
A", n, I( 69 10. S 4.4i .13S ' 16.0 , .2•. Shrh·~II(·d. slightly tough.

193.1. 	 103 II 0 • 4.48 .120 li.O ' .38 Do. 

172 10: 7 ! 4.58 104 • 16.0 .49 Do. 

209 10.9 4. flS .09. : 13.3 , .44 Do. 


0 11.6 ·1.32 .148 , 20.6 .28 Ex('('Il('nt.
31 11.2 4.44 .146 15.9 .29 Do.


Aug.21, 57 11.2 4.·" .J38 15.0 , .all Do. 

1933. 9i 10.8 .1. rIO .120 . 29 Do.
( 161 l1.ii 4.74 . 100 lt~ i • 51 Do . 


25.1 10.0 -l.S() .094 10.4 \ .72 Good. 
0 10.8 -I••1 . liS 10.S i · 46 ' Ex~lIont. 

·13 10.:1 4.85 .090 . 9.4 .49 , Do. 
i7 10.5 : 4.95 .080 9.0, .40 . Do.'eo' ,(193.1. 	 11:1 10.2 \ 5. J7 .065 o. -; , .40 00.


HG lO.:1 S.lO .005 7.9 : .41 Do . 

183 i 9.S I 5.47 j .059 3.S , .61 DQ. 


---j,~ I 	 1 I 

~[aturity at haryest was not a fnctor of impol'tfl.ncc in tlw fl.ccumula­
tion of aCt'tnl(khycie in Fl('mish Beauty pears during stornge at 32° F. 
Furthermol'(', this Yllriety did not show scald, brPftk-dOWll, or 
ripening w!ten held at 32°. In Cornice also there wn.s no difference 
until after 70 to 80 days' stol'llge after which acetaldehyde accumula­
tion was directly associated with maturity, being great('st in til(' more 
miLture fruit. Similar results 1111.ye been j·epol·ted fol' Btu·tlett pears 
(21). Both Oomice and Bartlett are subject to scald and break-down 
when stored at 32°. 

Delay in storing the fruit after harn'st also increased its acetaldehyde 
content. Data for Bosc and Cornice ure shown ill figure 21 und table 9. 

Because delaying the fruit at warm tempcl'i1.tures increased its rate 
of ripening and decreased its potentiul storagl' life (table 9), and be­
cause fl.cetaldehyde accumulation is closely fl.ssociated with senescence, 
a grl.'ater content of this \-olatil(' constituent in pears improperly 
handled at harvest would be nnticipated. 
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FIGURE 	21.-Acet.aldehyde cont.ent. of tissues of Bosc and Cornice pears during 
storage as influenced by delayed low-temperature storage at harvest. Delayed 
storage consisted of 2 days at 65° F. plus 10 days at 45° prior to storage at 32°. 

TABLE 9.-Firmness, acidity, acetaldehyde content, and condition of Bose and Comice 
pears at. 32° F., as injluenced by delayed 1 storage at harllest. Picked Sept. 27 and 
20, 1933, respectively 

Acctnhll", 

Variety and type lltorage.l Ind('x I hyd~ in Condition and
' at 32° Firmness JlH i 	~~f(~'

of storage 
F. j "nlue '(as citric) I figure i ~'r}rr;:;h appenrance 

tissue 

; i Pound. 

: Dav. Ipre...ure Percellt 10-1 I ,\Ig. 


4.6i 0.119 11.1 0.32 : Excellent. 
, 20 12.0 4.6i .119 , H.I .4ft ' /)0. 

Dose-immediate! 61 Il.S 4.84 099 9.2 	 .41 ' Do.'( " '" 4.89 :097 : 8.4 	 .5.1 Do. 
storage. • 1~~ : u! 4.08 •OS3 ; i.9 	 .60 Do.I 16J 1l.5 5.00 .072 i.7 .56 Do. 

21i 10.8 5.19 . 001 f 6. i .il Good. 
0 11.0 4. il .110 ' 11.a .40 Excellent. 
9 7.9 4. iO .128 ! 10.0 . i5 Ye\)!'w oolor, some rip. 

Dose-delayed 	 stor- enmg. 
age. 45 7.2 4.6i . 112 12.1 . 60 ! Firm ripe. 

81 7.2 4.89 .092 8.9 .67 Do. 
1\5 i.2 4.84 .092 10.0 .81 Do. 

0 9.8 4.12 .221 : 21.• 1 .42 Excellent. 
28 9.5 4.23 .20$ i 1i.9 .4i /)0. 
68 9.8 : 4.32 .189 i 16.1 .41 Do. 
92 10.0 ' 4.38 .17;J ! 15. I .42 Good.O,m"'-'mm"'''' 'istora\le. 132 8.9 j 4.45 .140 ' 16.1 1.65 no.


nlS 8.1 ! 4.52 .134 14.2 4.18 Slight surracc scald. 

224 6.1 4.0.5 .102 ' 14.0 14.04 Sort. SC\'ere scald, tissue 


collapsc. 
0 9.51 4.18 .20» 21.4 .48 EXCI'llen1. 

20 8.9 , 4.16 .219 21.1 .47 Do. 
M 0.9 I 4. :ll .2011 , l1i.8 .46 , Yell,?w color, SOllie rip.C,m'"-dol,,,,,1 	 Nung. 

storage. 90 i.l j 4.35 .100 15.7 .60 Do. 
124 ! 4.7 : 4.33 .163 I 19.1 1.67 Severa scald, core hn·nk· 

i , down. 
Ir~) : • ' ~ ~ ... ~"l 4.50 I .155 I 13.6 7.70 Solt. severe scald, tissue 

1 I collapse. 

I Delayed 2 days at 65° F. IJlus 10 days at 45° before storage at 32°. 
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Oiled-paper .fruit wraps for the control of scald in apples have been 
in commercial use for a long time. Although it is known that their 
use may not control scald on all varieties of pears, it appeared to be 
desirable to ascertain whether the presence of oiled fruit wraps would 
decrease the acetaldehyde content of pears. Datu bearing on this 
study are shown in figure 22. 
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!i'rr.l'Rt: 22.-Acetaldehyd(' content of tisslIes of Comiec alld BOlic pears durillg 
storug(' as illflllcnced b~· till' kiml of fruit wrap. The wraps were of til(' regular 
cOlllllwrcial grade. Oiled wraps carried 18.7 percent oil. A, Cornice; B, Bose. 

In nl'itlwr Bose nol' Cornice pears did the use of oiled fruit wraps 
inflllell('(' til(' ac(·Lu.ldl'hyde content of the fruit or the development of 
peur scnld. 

Th" potcntilll stol'llge lif" of pears, as will be shown later (p. 57), 
is influenced to a large degree by the storage temperature. That the 
Ilectaldehyde content of pears bears a direct relation to stnrllge tem­
perature is shown in figure 23 and table 10. 

There was little difference in the acetaldehyde content of Bose pears 
during storage at 30° and 32° F., but at 34° the concentration of this 
volatile constituent was much greater than at 32° and 30° and much 
greater at 36° than Il.t 34°. Changes in acetaldehyde concentration 
paralleled those of condition and appearance, as shown in table 10. 
Pear scald was present on Bose pears during the latter period of 
storage at 34° nnd 36°; however, it was not present on comparable
fruit at 32° and 30°. 



r:.\)T.UII.E lO.-F11'1l1ne.~s, acidity, acetaldl'hi/t!r contl'lI/, alill cOl1dilion of Jail a1l({ 1l'in/('/' p('(Irs a.~ i1!j/ul'lIced by Ihe {t'ngtl! af storage al differe1lt 
00temperatures 1 

..., 
COllI I('~: 	 F I,E:'>flS n II EA (TTY t:t 

--~------ '.~--"---------	 ::2... 
"\cellll<le· 	 Acct"fde· 7l
hydefn 	 hyde in .....Stora~e: ~torage Finn. ' pH 'Tntnl Index !;H()rn~e Ffrm- pll ~oltl(1l Index 	 (')tern· :'. .. I acid (ns . IOOgnL 01 Condition and tlppearnnce 	 100 gill. 01, Condition tlnd uppoorance 

pera. ,perIOd ness ,n lie, citricl filtllre period lIess \'ultle n~~(ril'~S' fiJ!ure 	 >­Iresh Iresh 

ture tissue lissue 
 r 

, ' - ----,-"..~-- ---­
POf17f(ls' POll1ld3 ~ 

OF. Dalla iprtUlITt. PtrCt:"t~ 10-: .'Ju. Dav., pTe.!lUlTt Percent .\/u.10-; : 	 .. 
O! 9.8; ~.12 0.224' 21, ii n. 42 ~:xt-ellent. o 11. 6 4.32 O. 148 20.6 \ 0.28 En-ellenL. f;.

63' 10.3 4. ao i .193 111.4 .40 Do. 92 11.2 4.62 .120 1:1.0 ,36 Do. --: 
30 91,10.34.38, .193 la.7 	 .41 Do. 120 11.8 4.67 • )23 11.3 .40 Do. 

.42 Do. HiD 11.3 4. 6i . III 1:1.0 .38 Do. % 
[ 1~~; 19:~ t~g :1~~ :~:~ a.20 :;liltht. surl,,('e ,cald. lOr. 11.0 4.62 .111 13.6 . 47 Do . 

222: 8.6 4.74 .110 10.1 J5.30 :-:;C\·erescnld, ('ore hrt'ak ..dowll .. 251 10.0 4.65 .102 1:1.9 .411 Do. 	 -', 

! 
<:.,01 9.84.12 .224.1 21.,5 • ·12 gxcellen\. o 11,6 4.32 .148 20.r. .28 Dn. 

28 	 9.5 4.2:1 .208: Ii. 9 .·Ii Do. 31 11.2 4.44 .146 15. y .29 Do. <.:: 

68 	 9.8 4.32 .181l 111.1 .·11 Do. 57 11. 2 ' 4.4i • 138 15.6 • 30 Do . 
32 	 92 10.0 4.38 I .n3' 15.1 ....2 nnod. 9i 10.8' 4.60 .120 13.6 .29 llo. c; 

132 8.9·1. 45 r .140. 16. 1 1. 65 Do. 101 11.5'4.74 . lOt; 10.8 ..;) Dn. 
108 8.1 4..';2' • 134 14.2 .1. 18 :;li~ht surllll'e !it'lIld. 2,,3 10.0 ·!.80 .004 10.4 .72 (;uod. 'J.
224 6.1 4.65, .102 14.0 101. 6,1 ~on. sc\'erp.s{'alcl. tis:-'lJerollllp~. 

o 9.8 4.12; .224: 21.5 .,12 , Ext'Cllellt. 	 o 11.6 4. :12 .148 ~0.6 .2~ E\l'ellenl. 
~29 	 9.5 ·1. 14 • 220 21.0 .15 : Dn. 30 11.2 4.45 .146 l.i.5 . . 27 Do. c-,

112 10.0 4.23 .204, 18.4 .-1:7' (loud. 	 58 11.1 ·1.47 .1-10 1;'.,1 .34 1)(1
34 	 "C90 	 i.O 4.21 . 18i 21.1 ~i4 Yellowc()l()r.:)OlUeripellill~, 91 11.4 4.rJiI' .128 I~.O , .40 00011. ~ 

128, (.) 4.40 r • 150; 111.•1 S. 56 :'Ii~ht. sl~\ld. firm ripe. 119 11.3'4.401 .146 17.4 I .,';:1 '-clio\\' rohlf. hllrel. 
166 	 (2) 4.39 .140' 18.,)' 14.21 Sort, ~e\'ere $('nld, ti.';5ue (·nllavse. 195 11.0 4.55 I • 128 1-1.0· 1.10 Sligh I 5I1rl,,('. ~c"I<I. c0, 9.8 4.12 .2'24' 21 ..1: .42 ' ~:x(!Cllellt. 	 o 11.6 4.32 .148 20.0 .28 I':xccllent.

1
28 )' 	 9.5 I 4.23 i .218 17.3 i .50 Do, 30 11.1,4.41, .152 Iti.2 .46 Dn• 

>:; 

61 	 8.6 , 4.31, .206: 15. 1 • 5:J Yellow ('olor. ,:.ionw ripeuinl!. 57 11. 4 . 4.45 • 150 1.1.0 .4; Good. >­
89 4.:1 , 4.aO' .185 i li.4 .112 Do. 90 11. 2 4.49 .138 14.9 ' .58 Yellow colur. hllrd. 

126 (I) ; 4.48 .150, la.S t!. if! :;c\'crcseuld. cun' hrcak-uowli. 118 11. 6 ; 4.48 . 136 15.0 ' • flO Do, :::
Ja. 7; ~oct.1Oeverescald, tissue collupse. 155 (.) 4.50 i • 123 16. ; 18.8; SC\'ere seuld. l'Ore hre:lk-ihn\·u. 

~ :[ 	 C 

C1~~ I (') 14.3.~~~~7~L_ls.!1 	 192 (Il 4. so. ' .117 Ii. 9 14.52 ~oft, se\'ere scnld. tissne col· C;Illpse.I 	 ~ 
c: 
§ 

http:11.1,4.41
http:11.5'4.74
http:91,10.34.38


•" 
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ANJOU Bose ---_.-... 
0.267 21. 7 i o. 281 }:x~ocllent. 0 12.1 ; 4.67 : 0.119 11.1 , 0.32 Excellent.6~ I 12.4 4.21 .231 Ii. I ' .3:1 Do. 56, 11.1 I 4.n: .099 .36! Do. 

90 11.5 4.21 .214 18.3 .30 Do. II. 6 i 4.89 . 09i 10.91 

;1.0 \4.04 

8.4 .42 Do. 
130 10.6 I 4.40 .183 13.5 • 3(i, Do. I~: ' .081 8.2 .39; Do.11.414.118~II 166 .168 13.4 1110 II. I 5.01 .076 8.1 .42 Do.9." 14.45
221 0.8 4.48 .120 16.2 :19 I (l()O~O. 21.1 11.0 5.01 .061 10.1 I . ;4 Do. 

0 11.0 4.04 . 26i 21. 7 .28 I Ex".lient. 0 !2. L ,4.6i .119 .32 Do. 
28 .23:; 16.1 .25 ! Do. 20 12.0 ; 4.67 .46 Do.1I.6! 4.23 i68 11.8 4.32 .1110 15.0 .29 Do. 61 11.8 i 4.84 :~~ I 9.2 .41 Do. ~:::: I ........J 


92, 11.2 4.2.1 .1113 18.5 .38 , Do. SF, .097 I 8. -I .55 Do. :.­
132 0.0 4.35 .ISI 15.7 .48 Do. 125 :U; t~~: .08:1 , 7.9 .00 Do. :=:: 

"./. ~ 11 168 8.4 i 4.38 .148 18.0 •44 ' Do. WI ll.5 ; 5.06 .072 i.7 .56 Do.1 
7.2 j 4.47 .120 18.0 . 40 ! Good. 21; 10.8 ; 5.19 ' .061 6.7 . il Good . 22~1 4 04 .267 21. i .28 ExtocUent. 0 12.1 4.6i .1111 11.1 .32 Excellent.

11.01 . ~ 
~~ ! 11.4 4.li .23i 18.3 ~25 : Do. 20 11.1 -I.;i : .107 , 10.1 .32 Do. 

11.8 4.21 .226 20.3 • 3.~ I Do. 55 II. tl 4.87 i .0Ui : 8.8 .50 Do. ..,:
34 if 89 8.8 j 4.21 .206 18.6 .311 ' Ycllowcolor, hard. 8:1 11.2 ' 4.8i ' ,083 ' 10.1 .!i4 Yellow ('Olor, hard. 

12- 5.7 , 4.33 . 181 16.4 .1'14 Yellow ('olnr, some rjp~Jling. 121 11.3 5.01 ! .on i i.8 1.20 Do . 
=: 

I I .',
165 I (Jl ; 4.26 .160 20.5 1.10 Firm ripe. Ifill 11.S .1.14 I .Oi6 i 6.0 3.74 SllghUcnld. yellow color, hArd. 

O· ll.O ; 4.04 21.7 .28 Excellrnt. 0 12.1 4.6i , .119 i Il.I.207 i 
4.67 \ :3~ 1Exce~~~L.281 lI.6 4.17 .245, 17.6 ! .26 Do. 20 11.1 .117 ' 11.2 :.­

61 I 9.7 4.19 • 220 , 18.6 · 27 I Y cllow color, hurd. ii4 11.4 4. 84 ~ .094 : 10.0 ' .;'i0 1 Yellow color, hnrd . 
8U' 6.7 4.21 .200 18.8 ! . 48 I .Do. S:! 1l.3 un I .094 , 10.7 • .17 n/)• 

36 ;1 120 1 (Jl 4.26 .1\111 17.3 ' · ill : Firm ripe. 119 It.a 5.00 \ .070 9.2 ~.f>\1 , SlightsCllltl. yelh",·cnloJ". hord. 
S 
:=; 

163 (') 4.35 .1(111 , li.l I 2.20 ])n. 156 , .. ; S.17 .059 i.:i f3.28 Se,"ere Sl'Jlld. 1'1
1 ,--_.-

1 

~ 
I Comlcenud AIIlun Ilenrs IJllrvcsted Se)'l. 20. 1\13:~; Flemish nelluly pellTS hun.sled ~.l\t.. 21, 1m3; nose pellrs han'estell Sept. 27, l!/a:l. 0 
) Too 50rt 10 record occum/ely on the t. S. pressure lester. q 

:!; 
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DAYS IN STORAGE 

.FIGURE 23.-Acetaldehyde content of tissues of Bosc pears during storage as 
influenced by storage temperature. Harvested September 27, 1933, at COIII­

mercial maturity and stored immeriiately. 

It has been reported (21, #) that the ncetaldehydl:' content of 
Bartlett pears increases as the fruit rip<'ns, reaches a maximum with 
the appearance of scald and COl'I:' break-down, and rapidly decreases 
with the onset of discoloration and collaps(' of tll<' fruit tissu('. During 
the season of 193] n study was made of tIl(' ac(·taldphyde content of 
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DAYS RIPENED AT 65·F. 


FIGURE 24.-Acetaldehyde content of Anjou and Comice pears during ripening 
after storage as influenced by variety and washing practice at harvest. A, 
Comice, harvested September 18, 1931. ·Washed with cold O.5-percent hydro­
chloric acid and stored immediately at 32° F. until ripened on January 8, 1932. 
B, Anjou, harvested September 14, 1931. Handling and ripening procedure 
was similar to that of Comice. 0, Anjou, duplicate fruit and handling practice 
with the exception of the addition of a I-percent kerosene emulsion to the acid 
washiug solution. 
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90mice and AlljOU pears at 1iifel'ent stages of ripeness. As experience 
m the removal of spray resIdue from pears has shown that they fail 
to color and ripen normally when a small amount of kerosene or 
mineral oil emulsion is added to the washing solution, the acetalde­
hyde-ripening st.udy also included comparable fruit that was washed 
in this way. Data for these studies are shown in table 11 and figure 24. 

'l'~BLE ll.-Acetaldehyde content of Cornice and Anjon ]lear.~ (lllring ri1Jening at 650 

F.• as influenced by ,'al"iety a;/,d washing practice . 

I AC(ltllldc- , 

Varil,tv i Storage I Hipeu"d !hyd" in 100 : ('ondition. ll"I~lIrnncc. lind doss"r!, Ilualltv. 
- at 32° F. nt 05° F .. gm.orrresh!f 	 p 

___.'••0_:_______.I i. ____________________Ussuc 
, 	 I 

Day. lJ"/I~ Afg., 

('olllico I, 

Anjou I, ... 

Anjon , ...... 

o I. (i., I Green color, hard . 
• ) :1.32 \' Excl']Jent dessl'rt quality. 

112 	 10 10.1.1 Past hpst dl'ssert quality. Slight core discoloration. 
1-1 9.00 , Soft, moderate core hreak-<lown, no scald. 
18 S.oo S(\\"cr(l COtll hreak-dowlI, iO llerC<'nt surface scald . 
•).) 6. J1 '['issue completely discolored and hroken down. -ii : 	 .91 Grcen color, hard. 
5 2.95 Yellow color, softening, slightly under full ripe. 

HI , 4.88 Excellent dessert quality, no scnld. 116! , 	 l-t ' 5.97 Slightly past best dessert quality, no scald. 

18 ; 8.40 Overripe, soft, slight core brenk-down. 

22 : 7.05 I Badly scalded, severe tissue hreak·down. 

II ; 1. O'~ Green color, hard. 
·1 I 1.03 : Do.81 1.65 : Green color, firm. 

13 3. i8 1 Green color, firm ripe, flat tash·. 
17 3.89 . Greenish yellow. best desSl'rl quality. 
~~ i :::::. I Ore~~~h yellow, overripe, no scald or break·down. 

~_I___"o • " ____ .,,•• ,,________ 

I Washed with O.5·percent cold hydrochloric acid. 

, Washed with I·percent k"rose,ne emulsion in 0.5·\lC(L'Ilnt cold hydrochloric acid. 


These data indicate that variety and kind of washing practice 
influence the magnitude of t.he acetaldehyde accumulation in pears. 
vVhe} I normal I"ipening occlll'red, the acetaldehyde content of both 
Comice and Anjou pears increased until the fruit became overipe and 
broken down at tht' core. When this stage of senescence was reached, 
the acetaldehyde content of the fruit decreased as disintegration of the 
tissue progressed. In this respect the data are similar to those reported 
for the Bartlett variet.y (22). The results in table 11 show that 
Anjou pears failed h) color and ripen normally when mineral oil was 
used in the washi11g solution. No scald or core break-down was 
produced during 24 days at 65° F., and the acetaldehyde content 
(fig. 24) was also much lower thail in pears tha,t had ripened normally. 

Certain varieties of peal's lose their capacity to ripen normally after 
prolonged storage at low temperatures (10,28). In some of the varie­
ties used in these investigations (Cornice at 32° F. and Bosc at 36°) 
this failure to ripen was associated with the presence of scald, core 
break-down, and a decline in respiratory activity. The relation 
between respiration and acetaldehyde accumulation is shown in 
figure 25. 

The Cornice pears (fig. 25, A) began to lose their ripening capacity 
between 120 and 140 days' storage at 32° F. Scald and core break­
down became increasingly severe after this period. Acetaldehyde 
began to accumulate rapidly and was followed by a decline in the 
rospiratory intensity. In Boselears at this temperature (fig. 25, B) 
loss of ripening capacity occurre between 100 and 120 days in storage. 
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DAYS IN STORAGE 

FIGURE 25.-Respiration (C02 respired) and acetaldchyde eC'1tellt of tissues iu 
pears during storage as inflllcnced by variety and storage temperature. All 
fruit received immediate storage: A, Comiee at 32° F.; H, Bose at 32°; C, Bose 
at 36°. 

In this test, however, scald or core break-down were not present and 
there was little change in either the acetaldehyde content or in the 
respiration rate of the fruit. . 

When Bose pears were stored at 36" F" their normal storage life 
was much less than when stored I1t 32°', They began to lose their 
capacity to ripen normally after 70 to 80 days in storage at 36°, At 
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this temperature such fruit began to evidence scald and discoloration 
of the flesh, Acetaldehydc' b<.'gan to accumulat<.' rapidly with a sub­
sequent decline in respiration, Thcrt'fore, the relation between acet­
aldehyde and respiration was similar for Cornice at 32° and Bosc at 
36°, but was quite different for Bos'c at 32°, As all three lots of fruit 
lost their normal ripening capacity Bnd only in lots ..t1 and G (fig, 25) 
was scald, core break-do"''}l, or tissue discoloration produced, it 
appears probable that accumulation of acetnlde>liyde is associate>d 
with the predisposition to and OCCUlTI'11C(, of such disorders, rntlwr 
lihan from tIl(> loss of no/mal I'ip('ning capacity, The> failure of Lutz 
ami ('ulpe>pper (33) to obst'/'V(' all)' cOITC'iatiQl1 b(,tween loss of ripening 
capncity and acetald('hyde ltccumlliation illo.tlw Kidfl'I' peal' s\lppOl'ls 
this interpretation, 

TOTAL ACIDITY, pJl VALUE, ANI) [NnEX FiGURE 

The influence of maturity 011 till.' total ncid content of Winter N elis, 
Oomice, and Flemish Beu.\Ity pears is shown in tables 3 and 8, There 
was a slight increasl' of total Hcid in Winter Npljs pears as they were 
harvestecl through u. period of 45 du.ys, Magness (34) obtnined similar 
results for Bartlett pears grown in Wnshington, 'whereas in those grown 
in Onlifornia. he found a loss of nciclity as they matured. In tlw 
present study thl.' total nddity of ComicI' Imd Flemish Beauty pears 
decreased 34 and 31 percent, l'('sjwetiv('ly, between the first lwd the 
third picking and generally remained so during stomge at 32° F. 
(See table 8.) Bose and Oorniee p('ars lost some of their total acid 
dming delayed stol'llge (tabll.' 9), but lost it more slowly during sub­
sequent stornge at 32°, ns tlH' fruit recC'iving tbf' dr.layed handling 
tl'ea,tment gcncrnUy had n, higlH'l' acid content during storage' at 32° 
than that which was stored irnm('diILtC'iy aftcr hlU'V('st at 32°, TheI'(' 
was a great 2.iif('l'C'lwr at hal'v('st iIl 'the total acidity of the four 
Yal'ieties of winter pears. TIl(' AnjoH vitl'icty hnd til(' gr('at('st acid 
contmt of 0.267 pen'ent, and Bosc with 0.119 p('/'C'ent had the lowest. 
(tn.bie 10). Total acids eonld not be corrl'in,tf'd with loss of ripening 
cfl,pacity or the pres(,llce of scald or corp bn'ak-down. 

The pH value of tlw pcar fruit tissues gmdulllly increased with 
maturity, elumging from 4.38 to 4.53 lor 00111icl', and from 4,31 to 
4.71 for Flemish Beauty (tabk 8). This value also inC'I'f'Hsecl ill all 
varietirs during sto1'figl.' at 32°F" but did not show signifiel1l1t diffp/'­
f'nces in j)('ar fruits stolwl nt difl'f'l'('nt t(~mp('rn,t11l'l's (tnhll' 10). li'llI'­
th('rmor(\ vl1.rif'tni influ('ne('s nne! the prC'St'I1('(' of ('(;rtnin stol'l1g<' dis­
orders W('l'(' ]lot 1'('flPeted in tlH' pH valu(' of tlH' fnllt, 

Du Toit and Reynd~(' (4) (lXpl'('ss('d the ratio of till' dissoeiat(>d neids 
(hydrogen-ion cOllc('ntration) to tlH' totnl ulldissociatpd acids us ,n 
singlp quantity which th('y tc'rl11ed tht' indrx figlll'(,. They found tillS 

vnhw to be corrrlat(>d With t.hp mat.urity of fruit, stol'l1ge behavior, 
physiological condit.ion, nnd cultllmi. pl'llet,ic(', In tllbh's ~, 9. nlld 10, 
thr inclc'x figure has been cnleulated from thp C01TC'spOlldmg datil for 
total acid and pH vn.!ue. . 

Fruit from th(' sC'cond pieking (tablC' 8) was generally conSIdered 
b('st for commrrcinl storngl'. Fruit from this picking nlso had II. 

higher index figul'(, at hflrvest than did that from either the first or the 
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third picking. Because a high index figur(' can be corrclatcd with 
optimum maturity, the data in tills respect support the results of 
Du Toit and Reyneke. Howevcr, the results indicated no significant 
influence on the index figure of handling practice, storage behavior, 
loss of ripening capacity, storage temperature, or presence of storage 
disorders. In the light of these results, it is exceedingly difficult to 
believe that the rntio between the total amount of acid and its degree 
of dissociation has any specific connection with the physiological con­
dition of the fruit. 

ASTRINGE~T MATER1ALS 

TIl(' t('rm "astring('nt mat('riul" is us('d to designa,te a group of 
substancps which hun' an astring(·nt taste and cprtain charnctpristic' 
physical and chemical properties. This term includ(·s both til(' tannins 
and the nontannins, which are differentiated by the fact thnt the 
former can be precipitated with gelatin. Thateher (42) has stat('d 
that tannins may represent intermediate products in cork formation. 
Gore (14) has shown that although fruits lose their apparent astringent 
taste during ripening, thl;' tannin content of green and ripened fruit 
was quite similar, and that differences in astringency could be e:<.lJlained 
by the apparent "walling off" or condpnsation of the soluble tannin 
within the cell. Similar results were obtained by trpatment with 
carbon dioxide. 

It is c01lceivable that loss of ripening capacity in certain vaTipti('s 
of pears might be associatNI with chnnges in th('ir tannin compil'x. 
Chnnges in astringent mlltprinls through con(lf.nsntion with ac('tald('­
hydl' might nlso be nssocintNl with inhibition of the enzynH' systrll1 
responsible for the hydrolysis of p('ctic compounds during normnl 
softening of the fruit. Because of tlwse possibilities, studi('s w('1'1' 
made of the amount t1l1d distribution of nstrillgrnt mntprinls in Bose 
pears during diff('rent stngcs of maturity, and in Anjou, Bose, and 
Comic(' prnrs during storage at 32° F., and after ripC'ning at 65°. 
Thes(' data. are shown in tables 12 and 13. 

TABLE 12.-Astringellt material in Bo.,c pear tissues as influf'nced b!l/1llllurily 

Distrihut ion Cwholr fruit) 

o\$lringent. mau"rial ~ 'l'issu{' 
}'in=L :;\'cond Third Fim :i<'~'Ond 'I'hird 

pi('kinJ! ! pit-kin!! :: "i(>kiJ1~ a Jli('kin~ pirking! l)ickin~J 

-----, 
Pacellt I'erccilt Perce"t. Pucenl Percellt Pnn:nl 

0.0582 tl,()3S6 O.l1llil 31.9 2.;.5 ~2. 8 
Tannin .02iG .0090 .0181 I 14.5 L' 9.1 

; FI~~h ............. .0198 : .()2IO .0285 1>.1.6 j lin.S 4R.I 
f'("'L .•. ' ."••. • 1758 .1&'>0 .1240 35.2 '~.2 4.1.5 

i{~~~~. :::'·'··:1 
~ontnnnin -... ~ ... - __ : Core.~ ... ~ .. ~ ____ .0540 .0390 .0223 : 11.3 . 14,6 11.5 

, l'I,·sh .......... .05-m .02iO .0248 ai.2 43.053.51.234() • !!OfJll .24~j 34.1 41. 2 4:1. , 
Total astringency. ' .: Corr .• .0816 .0480 .0404 12.4 12.fi 10.4

I Flesh. .0i44 ' O~80 ,O;;:l~ .'13••;' t "fl. ~ ~5.ll 

f·'·~I ... 

1 Aug. 19, 1935, 16.5 pounds pressure. 
, &,pt. 9, 1935, 13.9 pounds pr~s.<ul1'. 
'&,pt. 23. 1U3.,. lI.O p{)und~ pn's.Qul1'. 
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TABLE la.-Astringent materials in Bosc, Comice, and Anj01l1Jears us infl1lenced b11 
variety, length of storage, and n:pening I • 

jIn storage at 320 F.: ItiJl('n~d lit O,'io F.
1_--.-_.,...---,-__ 

l.s j 	 1 I.:' 
Variety """. 	 ,f s­,,- ~;;I'-I i:_"'_~"Ir''~~= ~ § ~ 5 I __ 2. { pf>l1Itll! Il!·ss('r!. qUlllity lind condition 

I 2. _ 5 .... S2' ::: I ::: I':; - rapll('itr 

___	1 ~ ,,? Z ~ ~ ~. Z ,i ~ , 


iDIlV" Pet. ;e~.- '~e;'-ID(lv.!~rt:!--;t:~II--
0.0. 013Q O. O:Hi o. 0483, , 


~n! .01:10 •O~3 .0422i Po O. 0181:0. CJ2'~~.O 11477: Normal 
, ~:X!"I1!'nt •Anjou' __IIf 12' .0130 .0.110 .0440 6 .(01291.030.' .0481 do Do.10·,1 .0076 	 .037.1 .0,loIl 7.0131. Oali3 .11404 do Do.
172•. 0006 	 .04.11 .04.17 61.00011.012.": '.)r.22 , do V('rYJ!()ofi.

(l, .0210 .02iO .01SO1 I I '.,

j 4.51· OW,; .oaaa, . or>llOl'" 81 .0247' .02;,.11 . ().';:«J Norllllll \'1'ry ~OOlJ.Bose' __ 821 .0102 .0:150 .01.12 9 .0IOO[,03fi2' .041'~ • do Fair. J!fullulnf. 
1J4 .OO'J71.03S9!. 04ii6 9.0101 1 .0370; .0471 Abnormal_ Poor. hard. ~runllillr. 
1811.00201.0441 .01RI 7 .11092 .OH01.0;'12 .do, ..

Ij Do.I l
0: .0204 .0248 .0152 ----- ..•• j .. i ,_ .. _ .. 

361.1JJ20 	 .0246 .0372 6 . III .17, .0283, .OHO' NormaL ... Rxt"l1pnt.
Comire '00 'I 731.0111. 03O(f .0411 6. OIO! .0:180'.0481 do .' nn. 

10.1, .0101/.0310 ,0111 4 .001131.0370 .04fi3' do .. _. O(KJd.
1721 .0050 	 . 0348: .0398 4. 001iO ,0398 . 015!! Ahnormal Poor. ,S(lver(, scald. cor(' break. 

down. 

J Calculated as perCt'ntage ot rresh w{'i~ht. 
, Harvcsted Sept. 17, 1935; 11.6 pounds pressure. 
1 Han'cstcd Sept. 9. 1935; 13.9 pounds pressure. 
• Harvested Sept. 17, 1935; 10.1 pounds pressure. 

The dnta. in table 12 show that in pereont.age eomposltion the 
highest c.oncentration of the tannins is found in the peeling. The 
tnnnin c.ontent of this tissue varied somewhnt with the different 
pickings, being approximntely 100 p('rc.ent gren.ter in fruit from the 
third pic.king than ill thnt from thE': first. The tannin c.ontent of the 
flesh also inc-rensed, but to nlesser degree. Tn the r.ore tissues, in whic.h 
the stone r.cUs are pr('dominant, the tflJUlin content showed con­
sid('rnble varintion with ma turity. 

NontOlmins wor(' also pr('sent in significantly grenter amounts in the 
peeling tlulll in the other tissues, but deer('used approximatel~T 29 
percent between the first and the third picking. Tn perc.entllg(' 
r.omposition the nontunnins were similnr in the r.ore ami flesh, and 
dec.reased more than .50 pereent between the beginning and end of a. 
harvest period of ;~.5 days. 

On the basis of perC'entnge. distribution in the whole fruit, the 
greater nIl10ullt of nil nstI'ingent mntcriuls wns loeulir.cd in the cortex. 
That this should be true is obvious because the eortcx l'epresents the 
grenter part of the weight of the fruit. On this bnsis the peeling 
ranked second in nstringent materinls, and the c.ore tissue third. 
Table 12 shows that the pereentage distribution of total astringents 
in the fruit as a whole en.n be ~orreln ted with Il1fi;turitr. Appro).."imately 
53 percent of the totnl nstrmgents were localIzed m the flesh a.t the 
first picking, but in the third they dec.reased to 45.9 percent; nt the 
sume time, however, the percentage distribution of totnl astringents in 
the peel increased npproximately 28 percent. These results indicate 
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either an outward difrusion of total astringents from tlH' flesh to the 
peel, or th<' trnnsfonnlltiOlI of thos<, ill the flesh lI11d tllf' formntion of 
additiollalHlllollllts ill t,h<, 1)('<,1 us the fruit mntures on the tree. 

The lIn tn in tn bl<, 13 show no sig'nificlm t rein tion between the total 
nstringents in fnll l111d wintN penrs llnd the physiologic'nl condition 
of till.' fruit liS Ilff<'ct<,d b~' storage Hnd rip<'nillg' or by the presence of 
stornge disord<,l's. Similnrly, no 1'('lntion is illdicnted b('tween the 
totul astringency of th<' fl'uit nnd the Ynri('t~, test('d, its ripening, the 
presence of sCHld nnd ('orc hr<,n.k-down, or loss of rip(,lling' capncity. 
l~ither the methods of clwlllicnl nnnlvsis nrc not sufficiently sensitin 
to follow the chmlg<' ill dist ribu tion . of til(' nstring('nt nui terin Is, or 
tll<,se mntNials ar(' llot nltNcd by til(' prndices nnd conditions studied. 
How('\-el', the l'('sults indicnlc diffN<'llC<'S in tll(' tnnnin and nOIl­
tumlin fl'netions ns influenc('(1 hy I<'llgth of stOI'llg'<' nt 32 0 F. Dntn in 
tuble 13 show that tmlllins gl'lldllully (k('r('ns('(1 und nOlltnnnins 
illereased with prolonged storag<'c a t low t~m pem til res. Tn in terpr<'ting 
tiles(' r('slllts the possihilit,v of addition ('ompounds of tmmin being 
formed with C'Ntnin produets of meta holism as sllggest<,d by ThlttC'her 
(.~2) nnd Gore (14·) must be ('01 Isi(\ ('red . Th(' t:11Inin fruction is 
lll('nsured by its cnpneity to pr('('ipitntp gdnt,ill from solution, and this 
property would become nlt('l'ed by the formntion of tannin nddition or 
cond('nsn tion prod ucts. (,h('micnl ('stimn tion by present methods 
would pluce this lWW string('nt uddition compound in the group of 
nontnnnil1s. The Inft('l' would th('l'('bv HC'culllulnt(' in the fruit 
tissue fit the eXl)('ns(' of the originnl tnllllins. ns shown in tnble 13. 
Grunting thnt r(,Hct.ions of til(' nhon t~TI)(' Illny OCCllr, it wOllld b(' 
difficllit from n consid('l'utioll of till' dntn ill tnbl(' I;~ to SUy thnt tJWY 
enused the loss of I'ipcnill~ (·:1pn('it~· in (WIll'S. •. 

PECTIC \hTEIII\LS 

ElIlmdl (:)) lin::: stnt{'ri thnt difr('rP1I('PS ill th(' kp('ping qllnlit~· of 
('ollf('l'PII('(' P(,:1I'S W('l't' ill till pl'Obnhility d\l(' to <lilr('I'('11('('s in th(' rnte 
of hl'('lIk-dowlI of thp IwctiC' ('OIllPOlllH\s, lllld thp I'nte of rip(,lling nt 
<lifr('l'('llt t.emp('rntures wns ('losel~T nsso('intl'd with the rnt(' of prol.o­
Iwctill h~Tdrolysis. Lilt.", Hnd ('lIllwPPN (88) found n dir('ct ('ol'l'eln­
tiOll JwtW(,(,ll optimullI l'ip<'nillg nnd mnximllm soluble I)('.ctin formn­
tioll in T\jpffN I)('UI'S nt· 60 0 F, SolublP Iwctill chflllg('S hllY(' IIlso b(,(,ll 
('ol'r('ln t£'d wit·h th(' st.ol'ng<' Iwhn dol' of Bn rtl('tt p(,Hrs in a rtifiriul 
ntmosph('l'('s (,Olltnillillg curboll dioxid<, (12, .11). 

EN'U US(' difl'(,I'PIlC'(,s ill th(' physiologicul mdn bolism of peal' frllit 
oftNI produ('(' bioC'\wmicnl ch:mgcs in the p('('tie IIlHtcl'inls. st,udi<'s of 
th('s(' clullIges \\'('1'(' ulld(,I'tnkplI ill ] 934. FOllr Ynl'i('ti('s of penrs W('l'C 
hnrn'stpd Ht their opt.imulll mn tUl'ity nnd stor('d imllwdin tely n 1 30 0 

Illld ;~6°F. ('om pH I'll hl(' fl'lIits of PHeh yn I'iety wel'C l'ip(,lI('(1 to b(';';t 
d('sSPl't qUl1lity nt 6:')0 at time of hnrn'st nnd nft('l' storng(' nt 300 nnd 
;~(j0. Analyses of til(' pec' tic' mnterinls in th(' difi'Nent lots W('l'(' Illudp 
nt interyt1ls t.hl'oughollt the storHge senSOll. These dntn upP(,Hr in 
tnhle 14. 



T.un,B 14.--Pcclic IIHlil'l'tul i1l fall awl wi"I/'1' JJ/'lIr.~ as ill/llwllerr! bill/'mlll'I'IIII1I'/', /('Ilgl/l of stOrr/g/', olld rip/'Ilillg, 1.934 

Storeli fruit. Hipl'IWti fruit 
~-------.-.---

--~-"-.-- -. --~.- ..- .._---
Vnriety Pf·('t.h~ lIlah'rlnl Pt'(~Lic JIlllterinli J l'u~thTClup\.'rnt un\ ! rOlldltioll ill4 Hipelleti

st,ornJ,W sto~~,ge slorngt· lit Ii.,· I'. ' Dl'S5f.'rl qunlity Hipenin!: I!Snillbi,': I'rulO-1 'l'otILi l'npn.it y SOiU~iell'rot!). 'rot~l 
t Pl1l'tln ; pp('tin 1 Jll'('lin , pcet III pectlll I'cetlll 

" ,~->----,..---. ----- ... ~-,-"- ~~--,~-"--, , i I
i °P. :-;:/;:~[~~ ... - . IPercell1 :J~cn:c"l '}-luau/ }Ju,rJ.'f ~IO. 027., , O. liiaa : 0. ,O()~ 

}'rrct1l1 J>~rc_e)'t Ip~~~~~: :...r,,,,,.."' q Mil Ext'ClIcnk __ ... ~ . (1258 j • OG7U . tmar Excellent Xormni O. :18,,0 0.2120 U 59;0ao ... 1 120 i._ do .•• _. __ • . 0200 I • naon • (i[,(J0 <;,\\'rr ~ootl doFlt.·mish Bellut~· • :18[,0 .2150' .6000: 200 I Very Good ...• .0170' .1l070 .t\24U Poor Ahnormol .30:17 .2812 . [J840
'{ 50'Ext'Cient~_. ~ U2fiS .IlIlGO .IiHl8 I~x(,·t.'lll)nt ­:\"orllllll .3875 .2525 .0400 !r:all I l2ii Showing color .0375 ' .5U2[) .6:100 Poor, AiJllormni .3100 .3000 .0100: ~~}g j Sc~hIed ,po~r _ .062[1 ,5:1111 .5U:15 Poor, tisslle collllpse do .1950 .3407 .541i ~ 

• (H:l7 • ,I.JOO • Hla7 ~{""m..,,, '{ :IS, ~'xc"lIcnt.. •• _ •o:!Sr. ' • ·1815 .5200 II EXI,'lIentall _. Xormnl .4700 .0200 .41100 .-,113 I .. do •. .042(1 .4880 .,:100Hosc_. _____ .. 8 Flllr Suhnormnl .3210 .1810 ,5020 , 18\1 ! Verr WlOd ° .0300 , ,I,S:I · f~lsa , Poor Ahnormnl .2587 .2169 .4756 r-;;
{ 38 ; gxc,'l ent ~ .0128 .-ll\74 , nl02 S EXcf'lIl'nt Xnrmlll .4400 .O40(} .4800 :.­

11:1 : Showing color .OIir.O ,515Uan _ · ,,8tHI S Poor Abllormni • ,52(J()
I 189 : Rellhl, poor _ (I Poor, ti:-slll' l'ollnpl'(~ do 

• 28i5 ! .2325 G 
-,111 __ "" ..... .US2.) .·1:100 .·1825 i

37 Excc!lcnt.. .0,11; · ,IIS:I , ,11\00 II I~Xel\lll'nt 
'lI) •. 

:{ 114 __ .. do ___ Xormlll .a7,)0 I .01l50 . 440n F: 
.UIi.1() · ·Will ,·ISOO , 5 (10 (ioComIc", .:1800 I .1:100 .5HKI188 Very good ._ .won · :ll2tJ · mil 5 : (loud Y.

3; do .2840 r .18110 .4;00I gxc/'!Icnt • ,(1-12\1 .4:1IlU ' ·17S11 7 Exc('!I"nt do 0:lIi_._ IJ.I ;:;oft., colored , .21180 .11i211 ·1f~)O :I Pllor. scnld('i1 • :lfi25 .0595 . 42'lO ..Ahnormal .2800 I .0800 .3600 ...,r'""'" 188 Scald, brenk·down 
.(H/5, .fi:lOIl · liiift 

do ;r 
'1 o ! l'o()r, t iSSllIl ('olin p!-'(' 

4~: ExcQllen-t-.. .027\1 · nUll \l j,ic('i1ent Xornllli.11:102
:111•• __ I 11,,' ..do, _.' • .O:{7fi , . 5S:1li .1l21O l\ do • flOOO .1220 .0220 :::::"I1I.IIJOII. 

0,' 

cio • 41lr~1 . .17fJO .11400 ..-..180 , Vcry good • 

40 Excellent,. ,O:l,H .IiIiOO 


1 .O!)SO .5220 · fi2t1ll ,Ii cio do .4010 I .2170 .Il1S0 'l; 
, '{Ii ___ ._. __ • • 6~22 do ,.tlo..... · ,,125 .1285 .11410 0-:115 , Sho\~ing color. • ~~I(1Il .,f(KIO' .H(MIII 4 -'-f'no l!oodr''"''''' -{ 

180 ISoft, colore!1 • .; ... 0 IJoor.'lJH'uly 
!Io • 53(~.i .1300 • mOil 

(l\'('rrfpt· 

I P~cth' ITlnll'rinl is t·S'Jln·.s~l'd II~ pt'n'('nhu!(1 of (rN-;h wt'i!!ht. 

~-... 
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The COil tent of protopeetin and total pectin of unripened Flemish 
Beauty pears at harvest was greater thiLn that of the Comice, Bosc, 
or Anjou. Evidently the high protopectin and low soluble-pectin 
content in Flemish Beauty pears is not closely correlated with firm­
ness, as in Bosc the relative proportion of the protopectin is much 
less, although this variety is generally firmer than Flemish Beauty. 
On the other hand, gelwral commercial experience, and pressure-test 
mellS\IJ'ements as well, indicate that the !lesh of umipened Comice 
pem's is softer and therdore more subject. to bruising inj ury than that 
of the other vnrieties. This Varil\ty also possesses II greater IlJUOllnt 

of soluble pectin and a smHller qlln.ntit~T of pl'Otop('(~tin at harvest 
thaIl llnv of the other vlu·ieties. 

Flemi'sh Benllty Hnd Bose petll'S did not soften 01' ripen llpprt'einbly 
at 30° F. ClllUlgl'S in soluble pectin also were smnll. Thf' ComicI' 
and Anjoll varieties, 011 tIH' other hand, softened considerably H.t this 
temperutllrc, this ehnnge being associated with the hydrolysis of 
protopectin into thl' soluble form. This variet,al response to storage 
temperntllre wns more marked n.t 36°. At this temperature, Flemish 
Bellllty n.nd Bose fruits softened but little nnd there was only n small 
increase in soluble pectiu, whereas the Cornice and Anjou pears 
ripened to 11. mnrked degree and tlleir content of soluble p('ctin in­
crensed proportionntely through hydrolysis of protopectin. 

Dlltn in tnble 14 show t,llllt pectic. componnds pht~T an importnnt. 
role in tIl(' bioc1H'micnl ehnnges thnt OCCUl' in the pear fruit ns it 
ripens to prime dess('rt qunlity. Normal ripening is nssociated with a 
progressivl' chilllge in t,he physicn.l tl'xtUl'e of the {mit, which passes 
from fil'llllless ilnd crispness to II soft, smooth, nnd butterlike COll­

sist(>lwy. This ehnnge in texture is directly assoeinted with the 
hydrolysis of the insoluble protopeet.in compound iuto soluble pectin 
and pl'ctic ileid. 'I'lw solubk pec.tins, ns shown in tnble 14, inc.rease 
as much us tt'nfold during nOI'mnl ripening. During prolonged storage 
of all vaript.ie!'; of JH'llrS nt low tl'lllpernture there wns no signifieimt 
difference in t;11(' tootnl ]>('din. hut during n01'll1ll1 ripening nt (ji)0 .P. it 
decreased, 

Previous stOJ'l"lgl' st.udies showed t;llnt certain \'ari{'ties of fall and 
winter penrs lose their capacity to ripen normnlly after prolonged 
storage at low tempern.tlll'es. Biochemical datil. "elative to this type 
of stornge dis01'der' nrc presented in t,ables 14 unci ].'). 

TAfll.~; I fl.- Pectic U/alerial tn ComiCI' and Flemish Bea1lty pl'llrs liS ir~f//le'f/cl'd hy 
nO/'mal and abnormal rippning al 1/,70 P .• 1.98/j J 

Hip­ iSolUble pcctin Protopeclin 
Dllte cnecl Ripellin~(>.n. 1--'"-'- -....-- ----- ~ . 

rip{~ne(l nt 6!1° Jllleity 
p '120~' : Hip. /tip. 

. . ened cned 

J)av., Percell I Percellt Pacenl jPrrcellt eercelll Percenl 
{l';o\-.5 1 7 Normal , 0.0:12" O.:Hfi2 (l..1175 . O.I}!W O.5f,oO O.~~1(J'2Flemish lIenuty : Apr, 8 .. 1 10 Ahnormul' .IIM .47:1:1 .:12.10 .5420 .HOO 

('oUliee ·[Do('.15 . 5 Normul i .~;~:. .:l700 .:laSS .0:100 .~flOil .4000
\.Mur.H : ~ , Ahnormnl' . 12ai • 26fKJ . :lJ(.~J . I~(KJ , ~an; .~OOO 

I Expressed us percentage of fresh weight. 
I Diret·t, from cold storage nt the time of remo\'nl for ri(wlJil1!! stlllIiHS. 
, A lIer ri"ellin~ I he spel'ith·t! nllm her of (1IIYs. 
. li'Tnit r~n1l:tirlf'd hurd llllc) n-ranuluf unci (ui!t'(J to sorrell nIlt! ril.ell normally III Iifi C f." 
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These data show a direct correlation between the loss of ripening 
capacity and the inactivity of the hydrolytic system responsible for 
the formation of soluble pectin. In other words, during nomml 
ripening the rapid softening and concomitant disintegration of the 
tissue structure depends upon the chemical or enzymatic hydrolysis 
of the insoluble intercellular, tissue-binding, protopectin material. 
A large amount of soluble pectin is formed during this time and the 
ripened fruit acquires a buttedike texture. When pears fail to l'ipen 
normally, protopectin hydrolysis and soluble pectin formation are 
greatly restricted and the fruit remains firm and crisp. As has bcen 
previously shown (10), scald and core break-down may also be asso­
ciated with this loss of ripening capacity. Respiratory measurements 
and carbohydrate analyses, however, afford no indication of the loss 
of ripening capacity in all varieties of pears susceptible to these 
physiological disorders. This is shown in table 7, figure 4, 0 and E, 
and figure 9. Protopectin changes, as shown for Flemish Beauty and 
Comice pears in table 15, howeyer, indicate that loss of ripening 
capacity is associated with smaller qunntities of soluble pectin and 
the presence of large amounts of protopectin. 

The question aris('s as to why prolonged stomg(' should disrupt 
normal ripening and probably inactivate the enzyme systl'm respon­
sible for thc hydrolysis of protopectin. It is possible that this apparcnt 
inactivation may rcsult from 10w-tclllpern.turc injury, as suggested by 
Kidd and West (28). However, this should not preclude the use of 
30° to 32° F. in the commercial storage of pears becu.use the injury 
is not directly proportional to the decrease in temperature. Its 
inception is earlier and more severe at 36° than at 30°. Furthermore, 
it is difficult to conceive that anaerobiosis and the accumuln,tion of 
the products thE'reof, i. e. acetaldehydE' and ethyl alcohol, could be 
the sole causative factor involved (44,), l)('caust' in certn.in vH,I"it't.ies 
of pears, particularly Bose and Fl('mish Bea1lty, this loss of r'ipening 
capacity occnrs without tilt' ncclImlllation of abnor'mal amount.s of 
acetaldehyde and ethyl alcohol. 

R.IPBNIN"G STlmms 

Earlier experiments (25, 33, 38, 44,) have shown that fall and 
winter pears stored at 30° to 32° F. a.ttain optimum dessert quality 
when they are ripened at 65° to 70°. Fruit of each variety has a more 
or less definite span of life in cold storagE' during which it will ripen 
properly if removed to a suitable environment. However, when 
certain varieties of pears are held at low temperatures beyond their 
normal storage life, they lose their capacity to soften and attain a 
satisfactory dessert quality although retaining an apparently normal 
external appearance while under refrigeration. After removal tc 
higher temperatures, however, ·the pears may also develop severe 
surface scald and core break-down, 

In connection with the physiological and biochemical studies of faU 
and winter pears, summarized data obtained h this investigation on 
ripening capacity, dessert quality, condition, and appearance of 
comparable lots of Anjou, Bosc, Comice, Flemish Beauty, and Winter 
Nelis pears are presented in tables 16, 17, 18, and 19. 
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TABLE 16.-NipenhlY ca1Jl1cilll, dell.~erl quality, and rom/ilion of fall and winter 
pears a.~ injlllC1/.ced b1l1/lalur£t1J al /wrlJcsl aud blliellglh af ,~Iaragc a/ ,"H2° F. 

WIN'I'gl{ I'E(,IS 

I ' 
i ~'irm·' Slor· Rip· I' , I Ill'» at. 1 IIg~ ened Ripenin~ Des~('r! Conditioll IUltllll'lwaral11~t\Han esl, rlote hllr.! ~t, ~t , capacily quality 

----I-\·~~-1~~ ~-:~i-----'-----'I----
IpOUlld'l 	 ! 
pre.."" Do v" DoV,' I 

88 10 NormilL 'I Oood i (lood, SUIIlI,' shri\"l'l\in~. 
! 12i 10 .do . .do Fair. sligh! ·ll'ald. 

i'cpl. 15.19:11 18. a i 1D3 8 do . ~·arr. Do. 
['224 8 .•. (10. . .. ..• do . Do. 

1 288 6 SUhnormnl. ~. Poor _~I' .l.\1ot!I'ratt'scaJd. poor.
74 10 Normal I Exe,>Ii,>nt. Exe('lIen!. 

103 10 i .do do i 1)0.I 
138 8 .do .do i Do.Oct.. U, HI:II 1.1.0 : IiI 8 .do .do. • . '1' Very goud. I 2!K) 8 do V"ry good Slight s(·ah!. 

! 2331 6 .do. • ,10. i 1>0. 
·13 10 . do .do..1 Slightly ""'lIly, ~oud. a 10 ~ _~ ~ 

Orl. :m.11I31 12. II I 	 117 8 rio. 000.1 '::1 Do:100 S .do .. dQ. _.. __ DC).
I 18i . 8 ._do __ • }'alr_ ..._ Overrip(>. mealy. 

221 6 .. do... do. __..__ Do. 

._---------------------
COMI(,g 

'~T' HI I'orllllli Very good. ..! Good, sli"hl. "hrh·cllin~. 
do Gomi. 'Do. 

110 do. Fair SII~ht >eald, shri\'l'lIed. Aug' :i1. lIIaa 12.4 14i Suhnormal Poor.. Do. 

18i I Ahnormnl do Do. 

244 o do do .. f;"\,~f(' sCllld, core lJr~llk·t1own. 


o 18 Normlll Exc('lIrnt Excellent. 
24 10 do do Do. 
.i2 do .clo Do. 

1-'(>)11. 	 2!J,1II33 SO do .do Very good. 
IIi do Good i Good. 
I,ii 7 AhnormaL Ponr'_.~'~~M' 1 Sl'\"l'rcscnld, core brl'ak-down. 
22·1 o _do... ..,..do. _. .. . Do. 

22 S Norlllni. __ , Excellent... g,c(·lIrnt.
,Ii i do .•. __ • __ . .do. ____ Do. 
75 tlo _____ '. .do. --'--1 Do. .Ol'f, I, 1113:! 112 5 do. ,._ ... do ..• ____ ./l\I(.llly, o\'('rnp".

152 i I ,\ bnorlllnl 1 Poor . -.-. S1i.~.'ht sr'thl, ,'Of(' hr'.'lIk·dllwn. 
2()!l O do 	 __ .. .do ________ ('Ollll'lrl,'ly s('llhkcl, ,'nf(' 

~ hrl'nk·dnwn. 

--------._._---
Bose 

! 
o 13 i Normal. Good .... ____ ISlighl.ly shri\'l'lI"d, poor ('olor 

ill S do . do..., Do. 
. \OJ!. 	 rio W:U 138 7 . do... . __ 1Fllil' .•. , Do. 

168 7 A hnormlll .. I Poor. . ...1 Granulllr, h~If(I, slIrh·('lIed. 
20:1 10 ,10 .do. _... ' Do. 

o 12 ;-..'ormnl Excellent._ ...1 EX''I'l1t>nL 
:lfi S do. ., .do ....._. Do. 
70 o .do. ...\ .•do ... ____ .1 Do.,\ u~. 22, 11/:11 11.:1 : 120 H • flubnorlllni . . i Fllir Granuillr. (nir. 

I ,'to II Ahnormlll .. ' Poor. . __ ,. TInrd, !!rllnuillr, (:lir. 
I~" 10 do .i do•.. _____ Do. 

o 10 Norlllnl ... Exerll,'nt .. ___ Bxc('IJr'n!. 
(H 8 do .. .1 do. ___ .. Do. 

108 i AhnormIlL ____ 1 Poor. . _____ Granuillr, lIIt'lIly. 
138 i do ....... ____ ...do...__ .. DQ. 
17a 10 . do ....... _ .. .do .• ______ Oranuillr, core brl'tlk-dllwn, 
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TABLE 16.-Ripening capacity, dessert quality, anci condition of fall and winter 
pears as influenced by matllrity at harvest and by length of storage at 32° F.­
Continued 

FLEMISH BEAU'l'Y 

Ripening DessertHa~ve:~a~:l :e~sn:,t s.;~t :rd 
hnr· at at capacity Condition lind appenranC(' quality

t 3".0 F. n.O F
l~. "". 

-----. .~-I- .--:'---.---1------:---------- ­

i 1I 
Au~. 1I,19:1a 

Au~. 21.1933 

~I'Pl. 6,193:1 

~I'pL 19, 1!133 

'\11~. 2U,1034 

Hnpt. 17. 19a5 

iPOltl)cis {
iP""'trfl DIlYs'l;fiI .. 

101 
13. !I 129 

lfin 
~'On 

2\) 
5:1 
01 

11.11 119 

1 15n 
! 100 

2~; 
~;

1 72 
10.8 Ill(] 

1:17 
177 

Dovs 
8 Normal 
8 .<10. . 
7 Ahnormul 
8 dQ
8. do.. 

J4 Norm,,!.. 
9 do.... ......do .. Do. 
7 do. ...... Very I(ood .. I Do. 
8 .do....... GOO([ .. , Very ~ood. 

Z1 AhnormaL.... Poor........ i 'I'Olll(h, hnrd, poor. 
I
I do.. ..... do.. ... Do. 
7 _. do... _ do~ . _ _ __ _ f'orp brNlk.cltlWlI. 
8 Normal. ... Rx('l'lIent..... Exeell"nt. 
7 - do, __ ,"__ .du ~~ __ I Do.
81 SubnormnL ... F'air ...... 1Good,slighllYl1ralllllnr.
7 I .. do. . ... J'oor .......... fInrd, !!Tallnlnr. 

7. AhnormaL.... .do.... ("ore hrenk.down . 

. _-- ._----_.. ----

Good...... Oood, ~onw shri'·I'1. 
Fair. ...•• Rlightly I(rallulnr, shrirl'lled. 
Poor.......... !Ora.ntliar,lough. 

do...... . SllTlvellNI,lollgh. 
.. do. ...... Do. 
l~xrl't!pnt.. ··1 EXCI't!I'nt. 

T.UlJ,E 17.-RilJen'ing ca1mcit1/1 de,~ser/ qualily, and rondil7'on of fall and win/er lleaT/s 
(IS h>jlllenceil by se(l.~on and le/l.(lilt of ,~/ora(le III 32° F.l 

ANJOU 

i ~'irm'l Stor'lI mp· I / I 
II • '<I It t~ . n~~s at UI(I' COl'fl HiPt'ninl(, Oes<ert ('ondition nnd 1l1 1ll'nmneefin l. (l. hllr- at nt; Ctll)hC~ly quality 1 

0 _____i_~:~'~~ :12 J1'. OliO I·', ;---~.--!-_____J___._ 
DflV.' 

S ~orr113L ~ ~ .. ___ Excellent. Jt:xl't1Ilcnt. 
9 . do. •....., ......do. Do. 

II do. __ .......... do ..... DII. 

; do ~ ____ .. Very good V(Ir~t ~ood. 

Ii (io. ""_,,, . do . Do. 

Il do ___ ............ _ Good. _M~"+"I Fair, IIJt\Hh~.. 


1:1 do _____ .. _ l~x('(llll~Jlt ~ .. _... ~, ft;xc~~II(lflL' 
n 

flo. . 110. ..... /' Ilo.110. • do .• _.... Do. 
dO""""'l do ".... (J1l.

i do ......... , .. do. "'''' Dn. 

7 dO......... ' Good .••••.• Good, sli!!hOy ""'Illy. 


14 do......... Ex"ell~lJt""'1 g"",lll'!ll.

10 
8, ~l~::::::::: ::. ~~ ..::::::1 g;::
fi do. __ ............ do. I llo. 

r '_ . do .. ___.._... Verygood __ 1\~I'ryy:ood. 


7 do ......... Good ........ 1' GOOII. 

14 ... do... ...... EXl'ol1ent. '" ExcI'lh'nl.. 

9 ... 110.......__ .••. do.•"'_. Ilo• 


.... dO ......... '.....do. __ ••_./ Ilo. 

G __ • dO ........_'.....do .. "'''' 

S.. do........,' Very good,._

Ii .. _. do ......- ...... do. 
8 ..... do......... Exeell~nt 
8!. uo .............(10 

7 i.... do .........1 .... do . 

r. t... do .. · ......1Ver~·good _ .. 

1>0. 

Do.


1 Ver~'good. 
. EXCI'lh'nt. 

Do. 
I' 1>0. 

VPT)'l1ood. 

t Hnn'{lstfld at. oj\timuUl maturity and stoTt'li imtrll~dint("ly. 
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TABLE 17.-Ri1)ellillg cCL]lUcily. dessert qllaltiy. cmd COlldition of fall and ll'wter ]lear~ 
as influenced by season and length of xtorage at 32° /1'. -Colltillued 

• 	 BOSe 

}'irm- Slor- Rip­
. ness at l Ilgt· e-n(lll IUpl'ning 1)"'St'rl


HarVI'st fiatn; 	 har-: at nt. cllpacity flU A lity ("ondit.iOIl and 8J1JlI~8raIlN' 
vcst a2° I'~. ~ fifiO ~... 

. Pound. :iPre,,.,,,dl DflV'O ! D!lfI3 i ! 
13 Normal . ______ 1 ExcellenL ...._[ EXl'Cllcnt. 

:12 ' II ,10 ,._____. . uo ..___ • Do . 
liS • • , tlo ..__ . ___ Very good.___ Do. 

l'epL S.III:12 11.S : :~: Ii H : Ahnurmal.. ____ Poor ~ _________ Hard, ~ranular, fair. 
III tlo __ •• ______ • do ________ Hard, t!r11l1uIHr, poor 

111.1 111, 	 . tin "._._. . .uo ..••____ Do. 
W . Normal .. ____ • Excellent.. ___ ~;xl,'lI,'nt..III 

r,-t ' II do 00._____ .du.. ______ (lu. ,t.: 

S" 1••1, " 8ubnormlll. ~'nir ________ Slight !!rllnuillr, fllir 
11.1 A hnurmlll Poor. ________ • Do,IllI ! 

1,111 II do do 1)11. 
111 du .... du. Do. 
I~ NortllllL ._"'._ .. _ ~~xcl'llcnt. Excelll\lIt.I!~: \' ~ tin. _____ • do Do. 

70 • : .. do. . .... _.. do. _____ I Do. 
120 ' S ' SubnormaL.. F.1ir... _______ .1 Granular, fair. 

all 

150 I o i Abnormal . .' Poor _ . _______J H.ml, !!ranular, fair. 
IS.1 I~ I ~iir:!:'ni' ::::::, Exc~\7.;rit._._=::11 EXl~ll~~,t.45 I 

82 ' 10 SubnormnL 	 __ IFair -------- Sli!!hUy hurd, !!rllnulsr. Sept. 9,1II3r. 	 114 ' 9 Abnormai. ..__ Poor. _________ Do. 
181 11 ,_____ tlo •••_______....do .. _. ____ Oranulur, fAir. 

".•OrInSL______ , ExccllcnL ____ i ExccllcnL . 
... do ...._____ Vcry good_____ Vcry gootl. 
.. do .. _______ 	 Goutl. _______ Slight senitI. 

A bnonnni .... __ Poor _.. ________ 'rou~h, hard. s(..·uld. 
_ do ...""_..... _... 1.. _. do -- - .. ---- Scven~ s('fi,ld. ('ore hft·uk-down. 

IIi· Normal •• _____ Exccllent.. ___ Exccll,'nl. 
M 
Ii :::.~~:: :::::::1:: .:3~:: :::=:: g~: 

:'\~pl. 19.19:12 	 Ii ... do. ______ I Good .. _______ Vcry ~(l()tI. 


7 
 Hubnornmi. _ , Poor. ________ Hard, sii!!hl sl"ld. 
10 :\ hnormnl ~ __ do ....... ____ SOV(If(' scald, ('()fI~ hr~nk-(I()wll. 

1U . tlu.. . tlo .. ______ Do. 
I~ 
10 

~or::::11 .. _ :1 Exc:il,~ent-- --- };X"'j~~~t. 
do do Do. 

II• tlo .. _... i. tlo Vcr), guO(1. 
5 . do .... _I Guod 	 000(1.

AhnorUlul I Poor StW(Ion' seniti, ('on' hrpnk-clf)wn. 
() • (10 ....:_::.. do ....._ Do. 

17 Xormal. _______ : EXClll1l'Ut. fi~xcelll\T1t. 

~ do .... _____ '.. tin. . ___• Do. 
.; do -------- do Do. 

· 
IS. 'i 4 .. do ....___•• (ioo,L _. _____ Good. 

-I A hnormaI Poor __ w _~~~ [ Srn'T(\ ~wnld. eon' hn,.,\ak·down. 
·1 do .. ---.. do. " ___ "1 1)0.

ti Normal ...... ~;x"'llcnL . __ };xcl'lh'lll.

ii .... do . ______ • do ..___; Dn. 


Sellt.. 17.llIa.1 10. I { n _....do •• ___• ___ l V"r~' good __ I O(xld. 

-I Abnormal _.. _-. Poor ~ . ~ ___ ___ .' ~eV('T(~ scald. ("Oro hrosk·down. 


ZI Normal _______ }:~ccllcnt .__ Excellent. 
;;5 
U 

Ii. do .. ___ • __ .... uo . ____1 00. 
U1 ....do ..._.00.' Very gootl' ___ 1 Do.AUt!. 1.1,10:12 Ill.;' 1111 SuhnorllluL !I'oor ....______ Ornnuillr, lair. 
H. 7 AhlloTnml "' .. ___ ~ do_ .~_ ... _ 11arcl, g-rallulnr, poor

7 .. do ..._____ j ..._do ...___ Do. 
~'!l ' 14 Normal .. ______!E~eellent__ ___ .Exl'Cllcnt. 
r~1 9 .... do ....___._ ._ . do_ ...__ 1 Do. 
!11 7 . rlo_. ".___ , V"ry goot! .1 Do.

,\ug. 21. 1\l:~1 11. I! 	 110 MI _ dO_ ....... _1 Gooel. ________ 1 Very goo'1. 

lliti 


I!II ! 

1110 
~ , Ahns~ma~_,:JP(I{J~(;:-~-=:=:1 'I'ouf)h~. hur(\, poor 

IJ 1.1 Xormal ... _.. ' Excellcnt. ___ ~;xL~'ll"nt. 

49 9 do...' tlo Do. 
I ..uo... ..1.. oodo ._.__ Do.S:1 ' Aug. 11,19:14 10. II 1:14 7 Subnormal "1 Good. -------1 :;lightly ~mnuI8r.7 ' . . do . _________ uo _______ Clrnrmlur. hard.lti4 

I!lfl Ahnormal 	 __ . Poor __ .. __ . Gmnul.. r, poor_ 
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TABLE IS.-Ripening capacity, dessert q1lality, and conditio71 of /3osc prnr.~ (l.~ 1:njl7lenced by storage temperat1lre and by producing dis­
tricts, t934 1 ~ 

Storagc tClUpernture of 300 F. Storngl' t('lnrlCrlltUf(' of 36° .F. 


P~~~lt~f!rg IStorage\ ' ·-I-~~~-' ~~~'----l- j I _., -~.~ .-------I---~ 

nipcnt'd r UipenlnR D,'ssert. Ripened Wllenin~ Dessert 

______I_.__:~t6r,0.F . .'.~,~n~"~~~_~J, IluuIit,y ,ConditIOn lind Ilppellrllnce J"to::'::,,_~lncit~:.J .~~~~~. Condition and appearance 

f ~ ! 

t IJoV' IJrlV' t Dalls 


'1:o 12 Normul V"ryg"')(L-,~ V"ry~ood .,,_."..... 121 NormaL V,'rygood ~~ _~~I Very good. to: 
Weuateb'>Il 70 S ~ ~ .IIIL ~ " ~ .,11l ~...~. do • i Subnormlll 'Fair. __ , ... Granular, tough. 

36 8 ..do~_!~. do .,"'_,( .. do 	 8 ~ ...do.. ~ dn ... ~. Oood. > 
~ Ila 	 10 SubnormnL.~. Fnir..... Flrlll, sliJ!htl~' !!rIlllular .. __ " 10 IAbnormnL l'oor .~" SlIgbt scald. core bresk.down. v; 

161 	 12 AbnormIlL••• Poor... 1IlIrd, gm!\lIlllr .... ~. 3 ~ ... .Ilo .~. ,jo Se.ere scald. COf<' break.down. 
lSi 	 10 ... do ~ ... do __ " ._~.~do "'~~~'"'' __''''''''''' .••__• __ 'j_' __ ' _ . ", , __ ._ ..... 

o lIJ Normlll VI~rygood ....... V"r~·g"od............. _ 10 Normal .... Very~ood _ Very good. 	 !2l 

29 S .. do .do~ _. __ ..._. ~ _d... ....... .... __ '" 8 •.•do _ .......dn. __ " Good. 
63 ~" do ~_~ .do..........: .. do.. • ..• ... ... 8 Subnormal •.• Poor __ ••• ' __ '.' Granular, (ough. 

106 HI j Suonormnl [~'ulr~. ___ .... ~ IFirlll,~lIghtlrgrnnular -- .... In Abnormlll ..... do..... _.... l\fodcrntl' scald. core bn'ak' ~ 
, 	 d(lwn. i=:Y~-----il 11>1 	 12 - Ahnornllli. 

ISO 0 ~ .do ~_~:L~~I~~~lo...::--:::: .~~~:!;}gr:~~~J~u~.::::::::::::::: __ ...__ .~. ~ .. :.do .• :do:::::::::~ S.vere seald, Cllrt' orcllk·t!llwn. 
0 10 Norm" I Excl>llt'nt .. __ ••. l~xecll"lIt .~ ... __ ...._•••• __ .. 10 Normnl ~-l Excellcnt.~ .. ~ •. Excellent. >'" 

29 	 8 .. rlo ~.do ... ~ ~. do • ~ ___ '''''' __ ' _____ '_ S ..•• _do ~_ .~. 110.... __ • _ Do. 
i ..lib .•do .,. .. __ do~ __ ~ ........... ...... i _.. do ~I Goorl .......... _. Some shrivelling, goot!. I:z:;
M.M",,_--- __ II 6:\ 	 Q 

106 i .. .do V"ry good V"n' !(.lOtl .... _. ~.. i Subnor,""l Fair•. __ Some shrivelllng. fair. ~ 11>1 12 Abnorlll;ll ~ I Poor... Finil, ~lightl~'llfl\nular 12 ; Abnonl]nl Poor•• ~. Scald, core break·down. " 180 	 10 ...do 
. _....do.. ..1Iar~~:'~I~I~~: . _ • ______ ~L~. 	 ._________ ~ 

ii: 
;r 

Hllrvesteli ut opt.imulIl lIloturltr Ilnd storl'lI illlml',llnt"ly. 	 ..., 

::. 
~ 
rn 
~ 

~ 
~ 



01 TABLE 19.-Ripening capacity, dessert quality, a1l/1 condition of falla1ld wi1lter pears lUl influenced by length of ,~torage at different temper­
atl/res, 1933 1 ~ 

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

.,"NJOO ~ 
COMICE r..- --------, I - -'.- .....'------.-------~----------.-------------- :z: 

~ 
Storage 

Ripened Ripening Dessert Ripened 'I Rip.,ning Dessert f'ondition tllld apIWUrl\nl.." c
Con<iit,ion nn.1 appenrance IStorage at 65° F. capacity QualityI at 65° F. capacity quality FTemper· i Pcriod 

atur~ , I I::.:_____ -·----+-----:--------1 1--- --,--, ------.---- ­ c: 
r°F. I Davs Dav. I' , Davs Davs Excellent.'1 62 8 NormaL __ •• Excellent.. .. ExcellenL .... -- .••- .•••••-... 62 8 NormaL_.• Excellent__•_____ •• t" 

I 90 6 .• ,._do..........._do._..... ,, ___ <io _.. ___ •.•. _______ ._ 90 7 ,do_ ...•_.....do.. ___ . ____... Do. 
30 ,127 6 ___ .. do_._._ .• _.••.do___ .••• _. _ do _ __' _,_.'. 127 6 .. do. __ .... _.... do __ •.••••.... Do. ~ 

16; 7 SubnormaL Fair.. ___ ... Granular, tough_.. --.-. '-' 167 7 ___ do___ .. _. Good_____ •.. ___ ._. Do. 

I 
7!Good. 


0 18 NormaL•••. Excellent_... Exccllent. _________ ._... 0 14 .. _.do...•••• ExcellenL._•. •.• 

198 7 Abnormal _. Poor .,,_.,,_ Severe scald, core break-down_. 221 7 __ do __ .•______ .do __ ---•. -.••• 

Excellent. _ 
Do. ~l 

<0
Do. 

Good. 
157 7 AbnormaL. Poor._ ..... _ SlightscBld.corebreak-down... 221 7 _.do•._.... ____ do..... _.•••.•. no. c: 
224 0 _•.•.do. __ •••• _. ___ do..__ • __ Severe scaltl. tissue collapse_ ••• -- •. -.... -.--.--....... --- ...-.--- •• -....-­1111 24 10 NormaL•••_ Excellent .-- ExcellenL __ -'.' ...-... 24 10 NormaL -.- Excellent._._._. ___ Exccllen r ~ 

34 ._ •.::l5 ~ :::::~~::::::: 'Giio~~:::::::::::~~:::::::::::::::_::::::::::l5 ; ::~~:::::: .:J~:.::::::::.. E~: t: 

32_ _! I~ 1~ ~~~J~~~~~~~~ ~~~J~~~~~~~~ ~::JL<::~==~~~~~::::~-~:~ l~ 1~ _:~J~~~~~~:~ :~J~~~~~~~~~~~~~~ Do. 
.:., 

127 4 AbnormaL. Poor..____ •. Moderat~sC8ld ___ ..• ___ .--- .. - 127 5 .do....... Flur. astringent_ Good. to: 
167 0 ____ ._do..••_____ ._.do_•.•__ Se\·erescald. rofebreak-down.._ 167 O. ._do.____ .. ___ ... do____ Do. ~ 

f-; 

36 • 
II{ ~~ 1~~o~do~~~:=== _~xceJ~e~:._~:: _~~ccJ~en: _ ~ l~ .. ::~~:::::-:~~"'i1~ent__ I E'CCJ1~~t.c , -- -"1 90 3 ___ •. do __.••. Good __ . ___ .. : Vc~ygood___ --. -- "--.,, . 127 3\____dO.••__ .. Fair.astringent. ,Good. o 

>.c; 

;.. 
127 0 AbnormaL. Poor' __ .""1 Sc'erp scald. core break·down.. 167 0 __ •__ do..... __ -.. do _ 'I Do. 

----~--~----~------~------~---------------~--------~------~----------.~-----------. --­ c:: 
~ o
c: 
t" 
~ 
q 
:;::I 
t=;: 
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FLEMISH BEAUTY Bose 
91 8 NormaL ____ ' Excellent____ Excellent.______________________ 54 11 INormal. ___ ExcellenL_______ _

119 8 _____ do_______ Good_____________ do ..•.. _____________________ 82 11 t.-..do•. __ •_______do____________ _ Excellent. 

3O__ •____ '! 196 7 Abnormal___ Poor__ ._____ Granular, hard__________ •_____ . lI9 10 ___ .• do_____ . Very good ________ . Do . 


Granular. 
29 14 Normal_____ Excellent.___ Excellent ....-.------------.--- 16 10 NormaL ____ .Excellent_______ .. _ Granular, hard, tough.I 

I.-.~- --.--.--~- :::::~~..-:::::: :::::~~~:::::: :::::~~--:::-:::::::::::::::::::: ,:gg ~g it ~':,~~~i:!f:: ~~r:::::::::::::: Do. 

91 7 _____do_________ •__ do_________ ._do__ ._ ...• _•• __ •___ •___ ._... 54 9 - __ ._do_. __ • __ -••_.do.__________ _ Excellent.
32 I U9 7 .-. __ do_______ Good_____________ do_________________________ • 82 10 . __ .do_______ ---7 _________ •__ _ Do. 

do-------- 156 8 Subnormal__ FaIr_________ Granular, hard_________________ U9 9 I SubnormaL Falr_.____________ _ Do. 
196 7 AbnormaL_ Poor_______ ••__ ._do_•. ___ ._•.__________ ._____ 159 10 I Abnormal__ . Poor______ •___..__ Granular. ..... 
227 7 -___ .do__•_________ do____•____ •__ do.____ .____________________ 190 9 ._._do... __ ._ ._._.do____________ _ Granular, hard, tough_ ~ 29 12 Normal_____ · Excellent_ •..• Excellent_______ ._______________ 16 10 I NormaL_._. Excellent_____• __ _ Do. ;;-

Excellent. ::0 
Do.gf i :::::~~::::::: :::::~~::::::: :::::~~:::::::::::::_:_::::::::_: ~ 1~ I' siib~~rmBL -Poo~o::::::::::::: 	 "./.' 

34_______ .1 U9 7 Abnormal___ Poor________ GI1>.'1uI8r, hard_______ ._._______ 119 9 I AbnormaL ______ do____________ _ Granular, hard, tough. .....156 8 - ____de!.._____ -____do____________ do__________________ ._._____ 159 10 ' _____ do____________ do____________ _ 

I 	
Do. YoI 	

v 

196 7 _____do____________ do_______ Modemtescald, granular, tough ____________ •_______ . ________________________________ _ Severe scald, core break.down. 
29 12 NGrn!lL ____ Excellent.__ . ExcellenL_____ .• __ . ___ . __ .___ 16 10 Normal_____ Excellent_________ _ 	 ,...
53 7 _____ do_______ - ____ do__________ ._do__ . _______ . ___ . ___ ._. ___ ._ 54 9 - .. __ do____________do____________ _ Excellent. 

36 I 91 7 ___ .. _do____________do______ • ____ .. do_. __________ . ___ ._________ 82 11 Abnormlll___ Poor_____________ _ Do. 
-------- 119 8 Abnormal__ • Poor________ Sllghtly granular, hard.. _______ 119 6 .. ___ do____________ do____________ _ Granular, tough. ~ 

156 0 _____ do___________ do_______ Severe scald, core break-down__ 159 0 _____ do____________ do____________ • Slight scald, core break-down. 
.~196 0 •____ do. __ ._.______ do____.- __ Severe scald, tissue collapSl'_. _ :__ .• ______ ._.______________________________________ _ Se,"ere scald, tissue collapse. 	 ;;­
Q.... 

'All varieties were harYested at optimum maturity and stored immediately. 	 '=i 
6 
y. 
o 
~ 
~ 
~ 
'l;..., 

Citc.., 
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The data in table 16 indicl1te that maturi~3T at harvest is an im­
portant factor in determining the stol'l1ge life and ripening capacity of 
fall and winter pears. If harvested too eaI'ly, the fruit has a tendency 
to develop surface scnld n.nd become excessively shrivelled. It is 
usually somewhnt astring('nt in taste and seldom attains the full 
characteristic fiu.vor of the vu.ricty. If harvest is delayed too long, 
mealiness and core break-down become serious in stornge. In Bosc, 
Flemish Benuty, and Cornice, where loss of normal ripening capn,eity 
occurs after prolonged stornge, propel' harvest maturity is an im­
portant factor, advanced maturity usually resulting in fLIl earlier loss 
of ripening eaplwity. This is illustmted by the data on the third 
picking of Bosc and lnemish Beauty pears in table 16. 

Pen,rs ripen rapidly at temperatures of 60° to 70° F. The lCligth 
of the previous storage period apparently has little significant infiuonee 
on the time required to reach full ripeness at these higher temperatures. 
There was a difference of only 2 days in the ripening time of Winter 
Nelis pears at 65° (table 16) after having been stored previously at 
32° for 74 to 200 days. Stomge u.t low temperature also resulted in 
f1 greater uniformity in ripening of pears harvested at diffcl'en t .. 
degrees of maturity. ]!Jzell and Dil'hl (6) obtained similar results 
with Bartlett pellI'S. 

1'abh· 17 summarizes thl.' datu on the ripl·ning capacity and dessPI't 
quality of four varieties of peal's as they wel'l' influenced by sl·asollfl.l 
differences. As nl'mm'ss of the flesh as measured by the pl'essul'l' 
tl~ster is one of the recognized indices of pear maturity, it was uSNI 
11S the basis for establishing optimum harvest maturity. Except in 
1934, the date of harvest varied only 11 few days from year to year. 
The length of the growing period for these years also varied but 
little, except in 1934 when the bloom was approximat<'ly 3 weeks 
earlier and the harvest 4 weeks earlier than in the other years. 

In each of the 5 years, AlljOU, FhmliRh Beauty, and Comice pears 
retained their characteristic ripening behavior at 65° F. after removul 
from storage at 32°. There was some variation in dessert quality 
from year to year, but in general approximately the same number 
of days were required each season for each variety to ripen after •storage. TIl(' appearance of scald, core break-down, and loss of 
ripening capacity was likewise correlated with the time in storagc. 
The data in table 17 indicate t!uit Bosc pears were more vnl'iable in 
their l'ipening during different seasons than the other three varieties. 
liJach year aftor prolonged storage Bosc pears failed to ripen normally 
but the seasonal variation in the time of inception of this physio­
logical disorder was wide. Bose pears also varil'd from s('uson to 
season in tlll' degree of development of the churll.cteristic vari('tal 
flavor. Allen (1) also has reported that "of all the !wars observed, 
Bosc has proved the most vuriable in quality." 

Data in table 18 show thn,t the ripening cI1pacity of Bosc pears 
may vary between producing districts. Cultural pl'll,ctices, growing 
eonditions, age and vigor of trees were similar in the Wenatch('(' 
and Yakima districts. '1'herp was also n. similu,rity in the ripening 
behavior and dessert quality of the fruit from these districts. On 
the other hand, fruit from the Medford district was grown under 
clean cultivation, where irrigation was somr..whn.t limited, und the' 
soil was of a much heavier type. The trees were larger and oldPI' 
than those used in the Wmlatchee fl.ncl Yakima districts fl.nd bo/'(' a 
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lighter crop of smaller-sized pears. Fruit from ~I(edford was sUIwrior 
in t('xture and flavor to that from the other 2 districts. Its ripening 
capacity was still normal after 106 days of storage at 30° F., but 
fruit from the other districts fniled to ripen satisfu,ctorily ILt this time. 
Data ill table 18 show that Bosc pen.rs IUIN!' a m IIcll shmtN stomge 
life at 36° than n.t 30°. Furth('l" ('vidcllce that loss of I'ipclling 
capacity may vn.ry within a variety is indicated by tll(' fact tItn,t Bose 
pears from the :Medford district hn.d n. longer storage' life' at 36° than 
did those from the 2 Washington districts. TIl(' compitmtiVl' l,pspim­
tory measurements shown in figure 9 nnd carbohydmt<' I1Iln.lyses not 
included in this report failed to suggest significant chl'Il1ica.l diffpf('ncl's 

~ bptwPt'n the fruit from tIw 3 districts. Oxidasl' and catn.lusC' 
llWl1SUrpll1ellts (8), howev(\1", proved thnt til(' Mpdford fruit containNI 
3 to 5 times as much oxidasl', and 1)~ to 2 tillll's u.s Illuch cn.talllsl' liS 
that from the other 2 districts, 

Datil. pertaining to the ripening cnpn.city, d!'ssl'rt quality, lind ('011­

tiition of fall and winter pears as illflllcnc(,d by stomgl' tC'IllI)('I'atlll'p 
un' presl'llt(·d in tabll' 19 n.nd show thnt the stomgl' lifl' of Pl'ILI'S is 
dl'IWndent upon til(' stomgl' tempprature. ,For exnlllplt·, Comiep 
could be ripefi('d normally n.fter 127 days of storage at 30° F., but aftN 
n similar period nt 36°, Ilormni riI)('ning did not occur nnd sC've!'l' 
scald and core break-down w('r(' prC'sent. .ludgwl by condit,ion and 
Ilppenmncp, tIl(' potentin.l storngC' lifC' of Anjou Pl'Il.fS vms gn'atN 
a.ftC'r 224 days at 30° than a.ftpr 90 days at 36°, Comie(' and Anjoll 
nlrietips softpl1ed and ripC'lwd n.t :34° to 36°, but Bose and Fh'lllish 
BE'H.uty fn.ilNI to softNl u,t tl1l's(' tempemtur(·s. 

Varipti('s that lost their cn.pllcity to ripl'l1 nonnn.lly did so il'l'pslwe­
tin' of the tpmperature at which they WI'I'C' ston'd, but tilt' ilH'Pptioll 
of thC' disordN wus much eltrlier in lots hpld n,t 34° and 86° F. t.han al 
10wC'r t.C'mperaturps, Bosc pears, for instnncl', could bl' ripPlwd 
1l0rm1L1l~r aftN 119 days at 30°, wherNls I\.t H6° tl\(' successful stomg(' 
period WlIS less than 80 days. Scald and corC' brl'ltk-dow.II apJwlIl'{·d 
('nriipr in fruit from thC' higher storagC' templ'I'ntm'C's rip('npd at 6.5° 
tbnn in similar fruit from 30°; in faet, Flemish Bl'n.nty nnd Bose 
pears from storage tPInppratures of 30° and 32° remninC'd Plltil'ply 
free from these disordt'rs. 

Data in tablC' 19 indiea.lp that for mnximum storagp lifl' nnd for 
bl'st dpss('rt quality nIter ripl'ning, fall und winter PC'aI'S should hC' 
stOlwl at 30° F. If the fruit is stored immpdin,teiv nitPl' hnrvpst at 
this tC'mpl'ra.ture Comic(' und Flemish Beauty ppar's cnn be ripen('d 
satisfactorily u.t 65° aftC'l' 120 to 130 dnys of stomge; Bose, a.ft<>r 100 
to 120 dnys; Anjou, nfter 180 to 200 dn,ys. Thes(' nre maximum 
stomgt' pl'riods found in experiml'utul pro~edurp a.nd nrC' slightly 
10llgPl' thun thosC' l'C'cOlnnwnded for eomnwrcHlJ practice by Hartmu,n 
(25) and Pentzer (38) who employC'd storage tpmpcrntures of 81° 
il,ne! 32°. 

PHYSIOLOGICAL STORAGE DISORDERS 

The more common physiological disordpl's that limit the stomge 
lifp of fnIl and winter pears are pear scald, Anjou scnld, core break­
down, and loss of ripening capacity, and these disorders are to n large 
degree associated with the senescence of the fruit. Their appear­
nnce is hastened by improper handling and storagC' prnctices. In 
the commercial handling of pears, anyone of them may cause large 
financinllossef', 
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~Iost nll'ipti('~.' of I><'UI"S UI"(' slIbjl'('( to s('nld (fig, 2(j). In I)('lll' 
sl'uld t1H' skill (If thl' atl"pd('d fl"lIit h('('oJl)I'S dlll"k bmwII, soft, wUt!'I"\", 
Ulid slollghs 011" ('!Isil.\' IIl1d(,1" pn'SSlIl'P, In SP\'('n' ('us('s t h(' pl'l"i plll'l:ul 
t1psh tiSSlI(,S also UI'(' iIl\'olnd, lTnlikl' apple' s('nl<l, IWIII" scnld (,Ullllot 
b(' eontrolh,d by oilp<l-palwl" wmps, It is usunlly ('11I1I"l1l'lpl"iz('d in 
S('\"('l"l' CIISl'S hy n f01l1 odor lind n disngn'pabl(' lusft', doubtlpss dill' to 

l"wt.:H~; :W,- P('ar ,,("alr\ alld cor(' hrpltk-dowJl ill FI('llli"h BC':Luty Jl(':Lr" in "t om!!!" 
at 3(j" It,: .1, SOlllld fruit; N, ("O!'(' break-down; (', Jll'ar ,'("aid; f), pear ,~(":lI" 
alld it" l'xtplI:<ioll into IIIP 1Il'"h, 

t hl' a('('lIllllllu t iOIl of u('duldl'hnll', ptln"1 ul('ohol, ulld bll t \Ti(' l'sl('rs 
ill th(' dis('lls('d tis,HIl'S, SIIS('('l>tibility'[o I><'UI' s('uld ('1111 1)(' lo\\'('('(,d 
by hnl'\'l'stillg til!' fl"uit III prop('1' mntlIl'ity ulld storing it iIilIll(,dill[(,ly 
nt 30° to 32° F, (88); by t1H' lISC' of "!!HS stomgl''' (cHrbon dioxidl') 
(J 2); Ilnd by limiLing the h'ngth of storngl' n,t low tern Pl'l'lIt U('(', 

AN.JOl' SCALI) 

Anjoll s('uld hus b('('11 (\('scJ'ibpc\ by HUl"lmnn 6 as n mottll'd sUl'fnre 
bl"owning 01" blackC'ning of til(' skill of thl' frlIit of this \"urid~T, It 

6 HARTll.\:-'-. nl=:~·fty. J:,\'·EhTIt,ATIO:-.::--. In;L.\TI~(i TO Tilt.: ilA:-:IIU~" 0"- nO~H to; RI\~t.:H Y.\l.Lt:Y 1'}o;,\RS 
0)< E.\~T~":-; )1.\""t:T,. f:-;. ",J Il\Iillll'o~ra(llwd,1 
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differs from common pear scald in being confinpd to the surface tissue 
and in not being characterized by a hydration or sloughing off of the 
skin or by the Ilccllmulation of volatile chemicals thn,t affect the odor 
or dessert qUlllity of the scalded fruit. It resembles apple scnld in 
being conLI'oIled by the use of oiled paper wmps. Early harvested 
fruit is more sllsceptibh' to Anjoll scald than thnt picked when it is 
more mature. Scald is rarely present on the fruit in cold storage 
but often develops quickly when the fruit is removed to warm tem­
perntul"l's for I·ipening. It is limited to the Anjou variety and, 
nlthough its pn's('nce may detract from the appN1J'tlnCe of til(' fl'lIit, 
til(' dessert quulity is not impaired. CommerciuJ control of Anjoll 
scald cnn b(' IlcrompJishNI by harvesting the ppllrs ut proppr maturity 
nnd wrnpping thl' fruit in oiled pap('r wl'nps. 

CORE BREAK-DOWN 

Corp brl'!lk-down in PPaI'S is illustrated in figurps 26, B, 27, and 28, 
In its inripit'nt form (fig. 27) this disPltse is charactt'rized by un exces-

l~IGUHE 27.-Early stage,.; of core break-down in COlllice pears: Lt, Soft water­
logged llr(,ll surrounding the core rl'giollj B, "core slip" in which the carpels 
separate readily frolll the surrounding flesh. 

sive softt'ning and hydl'll.tion of the core tissu(' that often r('Slllts in 
"cort' slip." Severe disintC'gration and 11 mm'ked browning 01' blnck­
('ning of the tissu('s in til(' C01'(' I'{·gion and tIl(' adjacent vascular 1111(1 

fiC'sh IU'C'tt (fig. 28) mark th(' final stages of core bl'('ak-down, This 
c1isord('r is also associatl'd with an accumulation of Ilcetnldt'hyde (21), 
fl,JHI like P(,lll' scald is 11101'(' pr!'val('nt in senesc('nt fruit. Allowing the 
fl'uit to b!'come overmlltu]'(' before hal'v('st and overripe after 
storage are important fnctors in its occurrence, It is also freqlwntly 
pr!'spnt in unripened fruit that. bas be!'n held too long in storngC' at 
low t!'mpt'rutul'C's. Onrmn tur!' P<'111'8 sometimes ttl'!, affected with 
COI'(' br!'llk-c1own while th!'y nre still nttnchNI to th(' tree, 
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c\1I ('(,JllJl\PITjnl nll'j('l il'''; of P(';ll'''; ~ro\\ 11 ill tilt, Pn('i IiI' :\Ol't 11\\'(''';( 

arC' ,;u,;ceptih!l' (0 ('(l/'(' brl'ak-dowlI. Btlrt/<'lt, ('ollli('('. F!emi..::" 
BC'Hut,\-, lItld Bo,.;e :11'1' th(' 1I10,;t ,;us(,l'ptihh', "'!1<'I'PII"; "\njoll nnd \rintl'r 
)."('Ii,; m'l' fnid,\- 1'('"islulIL A nlril'tr ill'own ill tIll' bottt'/' p/'()du('iJJ~ 
districts is Ip,;s "lI,;cC'pliblp (0 ('01'(' hrpnk-dowll tllllll i,.; (hI' snnw Ynrip(,\" 

[,!TO"'/1 in the cooll'/' p/'oducin~ di..:;(ri('t!", I1al,\",,;tillg' nt optimum 
mntul'il,\". pl'ompt ,;tOI':Ig'(' Ht low h'm!lI'I'ntlll'!', ;woidull(,(' of PI'OIOllg'pd 
.:;tOnlg'<' OJ' ()\'('ITip<'llillg' nftl'l' ":;(OI'ilg'1' urI' IIH'l/";III'/,S whirh rllll Ill' 
lIs!'d (0 I'('tiu('(' lo,;ses fJ'(Jm l'OI'!, bl'l'nk-down, 

FIGCHE 28, A(\"llllced stage of core break-dowil ill Comire pear;:,;: .ti, Di:;­
coloratioll of tIl(' \\'atprloggpd corp lll'pn; B, di:;colora.tion of fhp ('orp rpgion 
and gP 11(' r:tl hrl'llk-do\\,1l of tllp "lIITOlllHlillg flp,,}\. 

LOSS Ot' HIPE:-1I"G C.\PACITY 

Loss of J'ipening- ('apaeity in penl's should be das~ifiecl liS a physio­
logical 11istul'bnl1t'e eharaetel'izcd by failure of tbe~rl'\lit to soften and 
attain its chnradel'isti(' dessert qunlity untieJ' favorable ripening ('on­
ditiolls, This disol'ller den'lops while the fruit is still ill ,;tonlgp nt 
low t('mpet'l1tuJ'p, but it (,:lI1not bt' detedC'd by \'isible symptoms find 
1'01' this I'(,:ISOII it is diflkult to dillgllOSC' hefol'C' nttC'll1pts an' IIllldE' to 
ript'n till' fl'uit. 

It bn,; bet'll ,;uggl'stt'd (28) thnt th(' los,; of nOJ'll1!11 I'ip('ning cnp!l\'it~­
in IH'UI'S mH.'" be H form of low-tC'lllpt'l'ntuI'P injury, llowP\'t'I', if low 
tpIHlwrntUJ'(' nloll(, W('J't' til(' ('(lI1tl'Oliillg f!ll'iOJ' it would sePllI that the 
!o\\'('/' tlIp telllpC'mtuJ't' tilt' (,tlrli('J' would he tl1l' inl'idCOIll'(' of this ,;torngl' 
di,;ol'llN nnd lh(' mol'(' SP\'pJ'p would bp its mnnif('stntion, Thllt sll('ll 
j,; not alway,; (ltp (':IS(', howl' \'('1', i,; slto\\"n by the <lllta ill blbl(' 19 
wltl'J'Pin Bose, F!Plllish B(,H uty, nnd ('omi('e lost theiJ' l'ilwlling- enpn('i ly 
JllllCIl pudiC'1' at ;~(io than lit :~()o F, 

In ('olllicc, loss of l'iP('lIillg- ('llplIeity is l'iOS('j,\' Hss()('iu ted with senld 
and ('OJ'C' hl'l'ak-down; ill Bos(' llnd Flt'mish HPHlIty it is not. Follow­
ing pl'OlongC'c\ siol'ag-t' at :~2° "1<'" these thJ'C'C' vl1J'iC'tips 11111Y fippC'11l' 
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hnrvest green in ('0101' n.nd apparently in ex('ellent physit'ul condition, 
yet upon ,'cmovul to higher temperatures for ripenll1g, they aequire 1\ 

golden-yellow ('0101' bu t remain as firm and t'risp ns they were whill' 
under refrigeration, Of til(' fn,ll lI,nd win tel' pea,rs ('onsidered in thi" 
study, the Anjou and "Winter Nelis \'urieties alone are not subject to 
this storage disorder. 

No evid(ll1C'e of the loss of ripening ('apucity is obtainnble in the 
respirntory ndiyity of the fruit in ('old storage, Oxid""le lind ('ut­
runse mensurements do not revelll its presence, nor (,lin it he ('orrelnted 
with chnnges in eurbobydrntes und astringent mnterinls. Peeti(' 
ehnnges, howe\Ter, offer It clue liS to the probable Ille('hnnism involved 
when ]l(ln,'s lose tll(li,' cltpn.city t.o ripen in n normal manne,'. Normal 
ripening is nssocinted with n rupid hydrolysis of the insoluble pr-oto­
pectin into soluble pedin, which llccullluinit's in ('opious amount,s. 
Loss of ripening mpn('ity is Itsso('inted with a restridion of this hydro­
Iytie pro('ess und is belie\'ed to be enz:nnntic in nutur(l. If further 
work pl"On~s this to be true, loss of ripening ('upncity in pears doubt­
less ('un be explilined by the inlLetivation of the protopeetinase system. 

SUMMARY AND CONCLUSIONS 

Studies were made on fiye varieties of fuJI nnd winter pears n.fter 
these had heen subjected t.o various procedmes in harvesting, han­
dling, stornge, and ripening. These studies involved determinations 
of the respiration, oxidase nnd ('iI,tnlase activity, ('arbobydrates, acids, 
acetaldehyde, nstringents, nlld pedie lIlu.terial, H('('ompanied by ob­
serYatiolls on the beillwior of the f"uit during ripening and when 
affected by physiologicnl storage diseuses. 

The respiratory intensify Ht 32° F. Wits not direetly (,olTelnted with: 
The storage life of the differen t varieties of pears, the delnycd handling 
procedure prior to stornge, the kind of fmit \\Tap used in pn<'kaging, 
the incidenee of loss of ripening cnplwity, Ilor the dessert quality or 
storage life of Bos!' pears from different producing districts. It wns, 
however, directly nssocia,ted with maturity 1Lt: harvest Hnd severity 
of pear s('uld a,n<l core brenk-down. Furthermore, normal ripening at 
65° F. wns eorJ'elnted with nn in('l"eased respiratory aetivity, and the 
intensity of the two proecsses pnrn.lleled eneh other until the fruit 
acquired prime dessert quality. 

Fruit pie ked nt the stage of maturity reeommended for best dessert 
und stomge qua.lities showed less oxidase ndivity tba.n fruit picked 
earlier; the ('ntnlnse content also a,Yernged slightly less at this picking. 

The oxidase l1.ctivity in('reased during storage nt 30° H,nd 36° F., 
the greatest increase being at the higher tempernture. Catalase 
activity showed ('ompnrntiyely little ehnnge at either temperature. 

Fruit ripened to prime eating ('onditioll showed gren tel" oxidase and 
less cn.talasc ndi\'ity thall ('ompnmble fruit before ripening. WIlen 
penrs failed to ripen ufter prolonged storage nt low tempemtures no 
('on('omitant chnJlge in oxidase or eatulnse activity took place. 

The oxidase and ('ntnlase of fl, variety vllried widely when the fruit 
was grown ill different districts and in -different orchllrds in the same 
district. Their 8.('tivity also vnried hetween seasons. 

Scalded fruits showec1 less oxidase and catnluse u.ctiyity than fruits 
not scalded. 
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Oarbohy<imte I1nniyses intii('ated no significant difl'el'en('e in ('om po­
sition het.'{een peH.I'H Htol'eel immediately at 32° F. and t.1lOse delo,yed 
nt. high temperatlll'es before. p!a('ing under refrigeru.tion, Simiio,r 
IUluiYHes failed to indicate difi'(,I'cnf'es in the composition of pears as 
influenced by f;('ald, brenk-down, or loss of ripening enpacity, Matur­
ity at hu.I'Yest, howeY!'I', WflS nssociat('d with an in('refls(' in total solids 
u,iid sol u bl(' ('u,rhohyd rates. 

Ghwose, sucrosp, a.nd fl'll<'tose are t'\l(' solll ble suglu's in p!'urs; 
frud.ose waH present in predominant nmollnts flnd tog(,tlH'r with 
811('I'OS(' is the sugn,r that n('('lImlllnt('f; in rnn,turing peal~8. 

Thp lu'ptaldl'llyd(' ('ontl'lI t of ('nch y!tripty of fn.ll alld will tl'r 1)('11.1'8 
ill('rPlls('d with tI\(' IplIgth of st.ol'ngp, It ilH'l'PlIspd to it mnxillllllll in 
Comi('p wh('I'p it wus ('losPiy flsso('iat,C'd with seald nlld eoI'(' hn~u.k-down, 
1ts ill('I'pHSi' wit.h maturity nt hal'ypst was dpppnd('nt IIpon vlI.J'i(,tu.l 
('hlll'lleh'I'ist.ies, bill dplaypd stol'llg(' u.ft('r hnrvpst was ('ondueiyp to 
tlw pl'odudion of gl'pnipl' nmount.s of this \'oln.til<, ('onstitupllt. The 
nCl'tn.ldphy(iP ('ontplII of 1)('111' fl'uits dUl'ing siomgl' nt :.32° F. eould not 
b(' ('OI'I'(,ln,kd with I,he typP of fl'uit: wmp 01' til(' loss of I'ipl'nillg' enpnc­
ity IIIII('HH sCHld 01' ('Of'(' bl'('ak-dowlI WitS prl'sl'nt. 

'Tlw u('('tnldphydl' ('ontpni. of Iwnrs was eOl'l'('lntpd with s('nltI, eOl'e 
bl'pnk-dowlI, nnd HtOI'Ugp t.PIllIWI'Utlll·(" hping dl'('iclt,dly ~I'('nLpl' in 
fmit hpld nt :~(j0 F. 1:\11\.11 in simillll' fruit nt ~2°. It ill('I'pnspd ill ('omi(~e 
IInel Anjou 1)(,III'S during 1I0l'mlli ripl'ning und IIUnill('d its Iwuk wit.h 
til(' onsl'( of s(,ldd illld ('01'(' hl'l'nk-down, 

'l'otnl a('idg could 1I0t 1)(' (,OI'I'('ln,I('(1 with loss of ripl'nill~ ('u.plIC'ity 
or th(' PI'('S(,II('(' of ~wllid ullcl ('01'1' br('nk-down, Th!' pi r \'HhH' of tI;(· 
fruit. (,iSSIIPS gl'lHI un II.', ill(,I'PIlf;('d wit,h mlllurit,y and dlll't'jon of storage 
but WIlS 1I0t ('olTPlul pd with nU'idn I eIiff(·I'~'ll('(·s. Inmost instan('cs, 
til(' "indpx fig-III'('" bol'(' no dil'pct. 1'('lationship to hnlldlin~ pl'ncl.iep, 
stol'Ug(' t('111 Iwrn I IIl'l', loss of ripl'lIing ('npa{'ity. 01' U\(, PI'PSI'II{,(, of 
s('lIld nile! ('01'(' hl'('u k-doWII. 

Tallnill und nOli tnll II ill ('0111 poulHlf.; \\'PI'C' PI'{'Sl'1I t ill ~I'PII tpl' ('OIH'PII­
tl'l1tioll in thl' Iwplillg than in othl'l' pOl't,iolls of IWIlI' fruits. 

(,hullg('s in 1l8triTlg-1'1I1 ('omponl'nt.s of t.\H' fl'lIit could not 1)(' eorl'('­
Int/'eI with nU'ipty, stora~(' tC'mpemturC', ripC'ning, sculd, eOI'(' hn'ak­
dowlI. 1101' losf.; of rip('fling ('apnl'ity. TIH'Y wen', how('\"el', (,OI'1'elll,tpd 
with ll'ngt.h of SI.OI'Hgl' at 32° F.. nOIlt.nnnills gl'lldually incl'ellsing n.t 
I h(' ('XI)(,lIg(, of tnllnins, Th('s(' ('hn.n~('s might bl' inf1uC'IH~('d by the 
Pl'Odlwtioll of nddilion (,OIllPOllllds of t,II,lInin with certain prodll(,(s of 
mrinbolism slI('h HS lI('dnldl'hy(lP. Ornnting thnt eondensation pl'od­
uets of this nil t Ul'l' mny o('('ur, illformu,t.ion n.t hnnd dol'S not justify 
II ('on('llIsion t hn I whpn IWH I'S loge IhC'il' ripC'ning- ('npnci ty t1l('SP pl'od­
1I('ls inhihit II\(, I'n7.YIll(' H."S\('1ll witi('h normally hydl'OlY7.es thl' p!'di(' 
('ompounds, 

The I'ippning I'pspons(' of dill'pI'l'II1 nlril'tips of IWllrs was dil'('ctly 
nssoeiH,t(,d with (hI' hyd rolysis of pl'otopectin into soluble forms. 
Th(,I'" wns a signifiellnt: eorn'lation betw('en the degree of ripeness and 
t.he formation of solubk peetin when pears were ripened normally at 
M)o F. 'rhis ('onstituent increased tenfold during the process of 
normu.l I'ip('ning to prime dessert quu.lity. 

Dnt,n 111'1' pr('smtpd to show that the loss of nOI'mnl ripening capac­
it.', in ('prtHin Yfll'idips of ppnrs is dir('('tly fll;,'1o('inted with t,he fnilUl'c 
of the h~Tdl'olyti(' meehunislll l'espoTlsihlP fol' til(' ff' mation of solubk 
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pectin. The possibility is sugg(·sted that this ml'ehoniRm mny he 
largely enzymatic. ' 

Pear-lipenin~ studit's dpmonstmt('(1 til(' impOI·tnnc(' of mo,turity at 
harvest in aVOIding ('xc('ssiv(' sbrivl'lling, scald, and the astringency 
that characterize immature' fmit, and the mpaliness and core break­
down usually found in oVe!'mature fruit. In Bosc, Cornice, and Flem­
ish Beauty varieties overmaturity at harvest was genemlly associatNi 
with earlier onset of loss of normal I'ip<'ning capacity. 

Storage and rip<'ning b<'lJU.vior, loss of I'ip~ning ('apaeity, and til(' 
appearanc<' of s(~aid w<'('<, singulal'ly uniform hom seasoll to SNlson 
('xcept in the Bose val'it·ty wil('l'(' thes<, fa<'tol'S vnTi<,d with tlw s('ason 
nnd district in which til(' fl'uit was producl'fl. 

The stol'nge lifll of fall ond win tel' peal's was dC'polJdNlt upon the 
st.ol'llg<' t.('mpemture, At allo F. Comic(' and Anjou ripPlwd slowly, 
but Bose and li'l<'mish B<'ollt,y although acquiring a golden-Yl'llow 
color did not softpn, Tilt' lattc'I' \'al'ipti('f; lik('wisp lost t1wil' nOl'JnaL 
J'ipening capacity much pal'li('r nt :~6° thon at 30°. Scald and eOl'e 
break-down were excessive n,t 3(j°. 

For mn:-.:imum stomgp lifc' and optimum dpssPI·t quality nftpJ' l'ipNl­
ing, pears should bc' stolwi at 30° F. Comic<' Imd FI<'mish Bpauty 
ppfll'S stol'<,d at this tempt'I'ntur<' immediat<,ly aftN' ht1I'v<'st could b!' 
J'ip<'lwd sntisfll('tOl'i1y aft,PI' 120 to 130 days j Bose, aft<'r 100 to 120 
dn,ysj Anjoll ILnd Wintl'l' Nl'lis, 180 to 200 dnys, 'rill'S" IU'(' moximum 
periods of saf!' stol'llg(\ whi('h would b<, difiiC'ult to fl,('hi('n' in (~omnWI'­
('ial pmeti('('. 

P('al' scold, Anjou s('nld, eon' on·nk-down, nne! loss of Ilomllli J'ipl'n­
ing ('apncity are dt's(,I'ih(·d. PI'pvpntiY(' and ('on 11'01 1111'118UI'('8 foJ' 
minimizing loss('s from t1ws(' tl'Ouhl('s ai'" sUg'g'<'SINI. 
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