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The rapidly increasing volume of fresh grapes b~ing shipped each 
year from California often taxes the resources of the railroads 
severely and during much of- , the season of 1922 resulted in serious 
congestion. The condition waR similar, though less int~nse, in 1923. 
As a result, large quantities of grapes could not be shipped and were 
left to rot on the vines, while in those shipped, losses from spoiling 
were much increased by delays in delivery. 

In consequence of these losses many inquiries were sent to the 
College of Agriculture as to methods of bettering these conditions 
either by improving the efficiency of the refrigerator cars now in use 
or by employing other modes of transportation. 
. Several possibllitles suggested tbemselves, a'll 'based on tbe idea. 01 

delaying the deterioration of the grapes. This might make it possible 
to spread the shipments over a longer season, to utilize ears without 
refrigeration, and to increase the efficiency of refrigerator ears. The 
capacity of the railroads with their . present equipment would thus be 
increased. 

The causes of deterioration in transit or in storage are chiefly 
evaporation of water from the grapes and consequent shrivelling, 
and the activity of various micro·organisms causing decay. While 
on the vine, the grapes are freely exposed to dry air which retards 
the growth of the miero-organisms, and the water lost by transpi'ration 
is replaced by the vine. After removal from the vine, however, the 
grapes must be prevented from shrivelling by being kept in a rela­
tively moist air to prevent evaporation. Moist air, however, fosters · 
the .growth .and activity of illicro-organismB. The growth of these ' 
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organisms can be controlled hy sterilizatioD, refrigeration
l 

or chem­
i(~aI preserYatiycs. By sterili;r,ation, as in ordinary canning, the con­
ditions of texture, eolor, nnd flavor are changed 80 that the product 
is 110 lOllger fresh fruit. By reirigf'ration, it is pos..;;ible to retain the 
fresh fi/l\'or, <'.0101', text,ure, et(~., but the time that grapes can be held 
in UJis ,Tay lS 1imite(l. Alt.hough little ]1") knuwn of the possibility 
of rdardiJIg' (letf'riorCltion of f!rapcs hy means of chemical preserva­
th·es .. the nature of some of t.1H':i;e IH'f::'serT'atives, together with the 
positive results th(': hare given iu tl1(~ control or sa.progenic (decay 
causing) org;:lnit-lmk "in the manufae1ure of certain fruit products such 
as cider, grapt· juiee and wines, indicate that it might be possible to 
prpyont the spoiling of fresh grapes for a considerable period by 
th('ir usc . 

OD,JEeT (W THE IXVESTIGATION 

This inYestjg"lJtion is an attempt to determine (1) the possibility 
of preserving grrlpes fresh hl sealed containers hy means of preserva­
tives so that they wjJJ be suitable for manufacturing purposes for 
S{~yeral months after their removal from the vines and (2) the pos­
sibility of retarding spoiling under the p:r:esent Rystem of refrigerator 
car transport.ation, by mean.s of chemical presenratives with a vie,v 
to placing the grape~ on the Eal)tern markets in better condition. 

PHEljIMINARY TESTS WITH VARIOUS CHEMICALS 

Sulfur dioxide: ,\'hich has been used successfully for many years 
as a mean of controlling undesirable organisms in wine making, and 
various other chemical preservatives, some of which have been used 
rather widely in fruit and vegetable products, were tested. 

In the preliminary tests the grapes ,vere submerged in fresh must 
eontaining the variou~ preservative::;, The results are in agreement . 
with th03C obtained by Scot.t a.nd "\V ill. >110 Sulfur dioxide was not used 
by them . 

... Seott, R. D., and Will, S, G., Cider Preservatives. Jour. Ind. and Eng. Chern., 
13:)14),1921. 
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RESVL'l'h (hiTAI!\'ED WITH YARIOGS PR.ESERVATIVES 

Rorie Acid.--In concentrations of from .1 to .Hi per cent, borie 
atid · l'eturcled aleoholie fermentation for only' a few days. 
Ace1:ie acid accumnlated ycry J'<lpldly. 

Por'm'il: Ac/d.-Tn the fmlllE' concentration tll11:\ aeid gave results 
identical 'with those obtained with borie acid. 

]lJorrnaldt/(.yde.-In concentrations of .005 to .007;,) per ('ent, 
formaldehyde did not retard fermentation. 

ncnzoa(() of 80<1(1,.-] n concentrations of from .1 to .2 per cent, 
bCllzoflte of 50(la pren'n1 (lU alt~oholi(' ferment.ation fur seyeral 
months. 'rhe pl'odu('.tion of aeetic acid, ",hi(~h ,yas not in­
hihited , howeypl', ;-;poiled the grapf'S in thp eOllrse of from four 
to six weeks. 

So/"ieyti(· .:1riJ.-In eonecntratiom; of from .1 .to J5 per cent, 
s~1.li('.~·lic acid prf'H'nteQ al(~oholic fermentation for from four 
to six weeks. 'l'lw production of acetie acid 'was not retarded. 

!SH,lf'Ur Dio.t·ide.-In eoneenlrat.ions of from .06 to .12 per cent, 
sulfur dioxiue gaye indic'atiow,; of controlling Loth the alcoholic 
fermentation and the proriuetion of acetic acid. 

llesnlts very similar to those given above 'were obtained ~vhell ,the 
grape~ were di.pped in solut.ions of the several preservatives of widely 
varying coneentratiom;. In the&e tests again sulfur dioxide alone 
gayc indications of favorable results. 

In yiew of the results obtained in the preliminary tests, all pre­
servatives except sulfur dioxide were soon ui"carded as unpromising. 

Physical and Chanical Propert~e8.-Sulfur dioxide (SO~J is a 
colorless gas, 2.2 times as hellYY as air. Its odor, which is very 
pungent, is characteristic of the fumes produced by burning sulfur. 
'fhe gas itself will not burn. 'rhe gas is soluble in water to the extent 
of about one part in ten parts of water by weight at room tempera­
ture. As a water ~olution, this substance is knm\'n as sulfurous acid. 
At ordinary atmospheric pressure the gas liquefies at a temperature 
of _10 0 -C. The liquefied gas is r~tailed in steel drums, which ,must 
be sufficiently strong to withstand considerable pressure, since at 
20' C. the gas exerts a pressure of 40.6. pounds to the ilquare inch. 
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The gas blea(_'lIes organic eolors. This action has been widely 
utilized in tht' (}peo]ol'iz<ltlon of walnuts and dried fruits. The gas 
OWCfo:I t.hi . .;; property to its power of forming colorless compounds by 
(·omhinil;,Q' with tIl(' ('0101' ehroUlogens. As a rule, these compounds 
are easily brokell IIp hy oxidation and the e0101' restored. Red grapes 
can he made ,,,hite hy treatment with SO!!, but on aeration the color 
returns. In thi:;; rcsJwct the hleaching action of SOz differs from that 
of othpr bleaching agent."; whieb either destroy (II' remove the color. 

Sulfur dioxide eomh.iucs l'e~l(]ily ,yjth certain organic substances 
found ill the grape ineluding the :-;ugar:'>. '1'h1:-' combination of 802 

and slIgar is fairly stable and douLtJe;.;s constitutes a major part of 

TARLE 1 

THE EFFECT O~' SULJo'lift D.rOXIDI~ ON THE Ml7Ul'l1'LICATrON OF MICRO-ORGANnH.~s 

()rgalJl~m· 

I

i '~,~f,':lI' II Nomi,,> of i:::,~,::::':;:~;::::::::,:':'t:PO'"" ro th, 

"'t·"~-~ooI200 '110 

\\ me \ eaRt -- 20000 1---
1 

640,000 ,2,000 000 1 310,000 --36,000 

AP1('uL .. tU8 1150 000 ! 200,000 1 75,000 56,000 0 

\\tld Yea,t 620,. 000 I 1 580'000 I 6,000 I 190 0 
(Pdstonanus form 1 I 

Penicillium. .. ....... 11:20,000" 40,000 ' 0 
Aspergillm; .. . _J 4.:;0,000 I 120,000 I 20,000 30,000 
~~~gar l~acteria :1 310,000 i. 610,000 I 14,000: 300 2 

* All of t1'e5e oTgani8m~ CX('fJpt, thl' wine yea~t. ".-ere isolated from California grape!l. 

the combined SO~ in the treateu grapes. Vrhen grapes are treated 
with SO::, there is also a portion of the gas that does not enter into 
any combination. It is this portion which is usually termed free 802' 
It is to the free SO:: that the retardation or prevention of spoiling is 
due, sinee in this form it is a very aetive preservative. 

The Retarding Effect on the Growth of Sap1'ogenic Organisms.­
Spoiling of grapes in storage or transit is due primarily to the 
activity of molds, ycru;ts, and bacteria. Of the molds, types of Peni~ 
cilliulll, Aspergillus, Botrytis, Mucor, and Monilia are the most com~ 
mono Of the yeasts, the true wine yeast (Saceharomyces ellipsoideus) , 
the wild yeastR (forms of S. pastorwut<s and R. api,cula.lus), and the 
pseudo yeast.s, :Th-f ycodermae, are the most common. The bacteria 
usually met with are forms producing vinegar. 
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The growth of all of these organisms is retarded or prevented by 
802 in sufficient concentration. rrhe effect of ditferent concentrations 
of 802 on the multipli(!aton of some of these organism!) as observed 
by Cruess· is shown in table 1. Chabertt fonna that vL'iible active 
fermentation of grape must was ret.arded by the audition of small 
quantities of sulfur dioxide. 11is observations are given in table 2. 

The Effect on the Metabolism. of Grapcs.-Sulfur dioxide in 
addition to controlling 01' inhihiting the growth and acti yity of micro· 
organi8ms effects a slowing up in metabolic ehanges: e.g. , the respira· 
tion which normally occurs in grapes. Tests ,vere made in duplicate 

TABLE 2 

THE EFTECT 01' SULFUR DIOXIDE IN Rt:TARDJ~-G VISIBLE PERl1Jo:NTATION' 

Concentration of so~ I Time that. visiblt' fermentation wa.a rnta.rded 

Milligram!:! I I Ordinary temperature 
per liter I Percent I (IJrel'lumably ZO" C. ) I 

--D ~ .:: I :i;e~i:;I: ··········•· •• ·· •• · •• 1 

IE I' ~ ~;51' ~~a~~~;: .. .. ...... . ' :2
h::::8 

150 0.015 . 97 hours 
200 I 0.02 _. .. 146 hours 
250 I 0.025 j.. More than 8 days 

2g· C. 

with treated and normal grapes in order to clete,rmine the rate at 
which carbon dioxide is liberat.ed. As shown by the graplls in figure 
1, the slowing up in the release of carbon dioxide is positive and for 
amounts less than 300 mgs. per kilo. of grapes i:o;' more or less pro· 
portional to the amount of sulfur dioxide applied. The figures plotted 
here were obtained with Grenache ",vhieh had a sugar content of 26 
degrees Balling. 

It is of interest to note the uniform slope of the several graphs 
in figure 1. The effect of the SO, seems to be confined to the life 
processes of the grape with little or no destruction of. the tissue. 
The variations in the individual determinations were a result of the 
fluctuating temperature.in the laboratory. 

and* i~:~8;1!.,~;5~~5~:,e~t9::. HtSO; on fermentation Organ~8. 
t C)la.bert, F., ~!og. Agr" ~:574:.-579, 189~ .. 

Jour. Ind. 
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SPLFUll DI()XIDE 11\ THE PHESEll\' ATTON OF GHAPES 
L,\ S'EALED C01\TAJ1\ERS' 

Th(' obj('ct in mind in making these tf'si.,:; W<"1",<'; that of dcyising 
mf~alL'''. if possible. whert'hy grapes inlL'mlNl for g-rapc juice or othf'l' 
grape produeh; could ht' packed ;]nd pn'sl'rYl'd for temporary ~torag .. • 
or shipuwnt without refrigerati(Jn Hnd wi1 lIou1 l~lahol'(\1e equipment 
or great expf~mw. j\ method crt})(lblt: of this would not only puahle 
the grO\n~rs of' gr<.lJws for m:mllfacturing- pnrpuses to dispose of their 

I 

Ilo. v 

TiHl(' in (1<Iys. 

:Fig. 1. Ttw pffl'(·t of ~O, on tJJe' rat.\' {If respir;lt.ioJl in grapl'I-': 

entire crop mon' re<Hlily , Imt might also reI ea.,,(_> a eonsiderahle number 
of refdgerator CHI'S for t he handling of our increafo;ing tonnag'e of 
table grapes, 

Sulfur dioxi(h~ has been U:';CG for ~-{~al's to hold crushed grapes 
(must) in temporar,v s1'orage during the rlL'ih .<o;cason of hnryesting. 

,.. Some tt'st~ w(>n~ mad~' by P. '1', Bi(J]t>tt.i VII t.lw pr('~'el'"atioll of frf':;h g'l'ap,'il 
jll spa-led eontaillt'rH <'onta.ining atmOtlpheTI'>! of SO" CO"' aJI'ohol Vllpor and air. 
ThPfolf' were TPportt'd in t.lw Report £If the "it. '\Vork of the 'CoIL of Agr' J Univ. 
of Calif., 1896, 447--4;)0. 

Some preliminary tests on the Fhipping of grapes in e_lused l)''lrreis were re­
ported by F. T. Bioletti in tlw Cnliforui~l · O-rill)e GnHV1'T, vol. 5, August, 1924. 
In these te!!ts the Grape Growers Exehange, the Sun :Maid Raisin Growers A8~()cia­
tion, and the California Barrel Company were eoup,-'rating with the College of 
Agrieult.nrt' of the Ulliverl!ity of California. 
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In European countries it 'has also been used to retard fermentation 
in shuTt rusta_Dce shipments of must and grape)', from the vineyards 
to the wineries. Impetus 'was given to these-tests by the landing in 
Ne'\" York of Italian grapeR in barrels during the latter part of the 
IB22 seaSOD. Although not. entirely successful, these shipments of 

TABLE 3 

THE RE'1'.~RDIKG EF'l'-TCT 010' SL'LFUR DIOXIDE OX TIlE SpelLING OF GRAPES IN 

SEALED CONTAlr{F..RS AS INDICATED BY SCGAR CONTENT 

Variety 

Seri.esA 
Valdepefias .. 

Alica.nte Bouschet. 

~Ialagu 

Series B 
Cornichon. .. 

Series C 
Tokay .. . 

1 

I Balling dCgre<l of the expn''>IIed JUIce 
AlgI! of RO,I ______________ _ 

~fe~r~~~ I At the I I ' I 1 1 

1 

___ 1 gu~ng!~;~;t.1 ';'~'~;~"I ~·~·:;~'I !~.~;:' ; !~::;'I !~:"~, 

1 3.~' i;i ~ ;~: ::~;:; I~:;: . I I I 

I

i 3~' II;; ~ I. 1~ 7 .1 ••••• • ••. .• • 1 •. · •• ·•··. ; .•.••••• ••. i 
300' ·22 .5; 17. 51 3.8 : 0.1 '1 . . ... . 1 
600* 22 . 5 i 19.2 J 18.8 : 1.j_4 17.51 

~. I;; ~ 11~ 6 i 18 4 \ \ \ 21 ;; 

o I I ! : ! I 

600t I:~! 1~ 61 is 11 .1'1.'.18 71'· ·· 4.5 
900t 18.4 ..... .. 1 .......... ..... ... .. 19 .8 14 . 4 
6501 18.4 16.9 I 16 .5 [ ...... . ...... . , 1931 . . 
9001 184 ......... .. 1' 18.61·· 1 20 . 4

1
. 

650§ 19.0
1

16 . 2 16.4

1 

. ... . 11.51 .... : . 

~ i ail~: jnl~fll :111 ~111 
BOOt 121.3 22.1 21.6 i 21.6 204 20.7 

- so! applioo in a email amount of water. t SO:! applied as gas. 
t SOi applied by immersion. § SO: applied in mUflt. 

Italian grapes indicated that, with a sufficient knowledge of all the 
factors- concerned, the sugar content of grapes might be retained 
almost indefinitely. 

H·.tardation of Spoiling.-Although.it is recognized that the free 
rather than the combined SO, is primarily respo~ble . for the ell' .. t 
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on micro-organisms, only the total SOl? present in the grapes will be 
consjdered in this discussion, since it is obviously impossible to control 
the relative amounts of free and combined 802 in the filled containers. 
It should, however, be borne in mind that there is a more or less direct 
relat.ion between the free and the total amount of 802 present. 

TABLE 4 

THill Rl'.:'l'ARDING EFFECT OJ' SULFUR- DIOXIDE ON THE SPOILING OJ' GRAPES IN 

SEALED CONTAINERS AS INDICATED BY Tl1E ACCUMULATION OF ALOOHOL 

I Per cent of alcohol pretltJnt 

Variety 

I

Ml*EiEl !\'~he 1 After I Mter 2 After 3 After -( Ii After 5 After 
glllDllll!:1 month months months month! month!! monthS 

---S-er-i'-S-A---il---I------/----/---, 

I 
Valdepefias .. ,. I ,Tracel Mold y afte r 10 d aye I 

350 I Trace Mold y afte r 10 days 
Alicante BOUBchet 0 I Trace 11.55 ······· ····1· ····.. . .......... . 

300 Trace 1.92 9 .0/ .. .. .. .. .. . ...... 1 

:: I i~:~: ~ : ~; O~7~ 0~7! ··O~·83·· 
Malaga .. . 

SeTicsB 
Cornichon .. 

SericsC 
Tokay .... 

o I'Trace 9 . 1 1···· ·· ··· ··· ·· ... · .. .. .. · ... ... · .. · ...... ...... . 

6(X) I Trace Trace Trace l· .. •..•. .. ............ 0.2 

o · Trace 7.8 
600 Trace 0 . 17 0.19 0.29 
900 Trace ... .. 

/ 
0.2 

65() Trace 0.23 0.37 ' .. 0.19 
900 I Tracej ........ .... .. .......... 0.18 0.27 
600 / Trace

l 
0 .25 0.18 7.5 

0.25 Com pletel y spoi led aft er 13 
900 ~; 1 ~.~ 0.3 0.3 0.3 0,3 
650 0.2 0.2 0.2 0,2 
650 0.2 0.2 0.2 0.2 0.2 0 .4 
800 0.25 0.3 0.3 0.3 0.2 0.3 

6.2 
1.1 

days 

To obtain data on the efficiency with which spoiling could be con­
trolled in grapes in sealed containers, several series of jars, kegs, and 
barrels till.,f with grapes were treated with varying amounts of SO.' 
The amount and manner of applying the SO, and the . results from 
representative containers with regard to 10lilB in sugar content and 
the accumulation of alcohol are given in tables 3 !Utd 4, 
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An examination of tables 3 and 4 reveals that 300-400 mgs. of SO, 
per kilo. of grapes is 'insufficient to successfully retard the spoiling of 
grapes in sealed containers. Although spoiling was retarded from 
four to six weeks in some containers, others under similar conditions 
kept little better than the untreated checks. This wide variation 
in the results obtained in these tests indicates that 300-400 mgs. 
is below the minimum required for practical purposes to preserve 
grapes. 

By increasing the amount of 802 to 600 mgs. per kilo., it was 
possible to retain nearly the entire sugar conte~t of the grapes and 
to suppress the accumulation of alcohol for from four to six months. 
The efficiency with which. 802 at this concentration preserved the 
grapes in sealed containers is best illustrated by the results obtained 
under series B and C as shown in the above tables. These series were 
carried out after some of. the difficulties which resulted in early 
spoiling, e.g., lack of uniformity in the distributio'; of the SO" leaky 
containers, etc., in series A, had been discovered and special efforts 
made to overcome them. 

Again, by increasing the amount of SO, to 800-900 mgs. per kilo. 
it appears that the loss of sugar and the accumulation of alcohol may 
be retarded almost indefinitely. At present (.March, 1925) gr~pes 

have been held for eight months under these treatments with little or 
no variation in the sugar and alcohol contents. 

Importance of Uniform Distribution.-The results of the first 
tests made with 802 in sealed containers varied greatly. Analysis 
of the methods nsed in applying the preservative and of the results 
o,btain.d indicated that this variation in the behavior of lots treated 
in a similar manner was due chiefly to lack of uniform distributi"on 
of the preservative throughout the grapes. 

Table 5 shows the behavior of three representative units of each 
of three series. One nnit, barrel No. N. 39, treated with approxi­
mately 300 mgs. SO, per kilo. of ·grapes still gave a sugar test ~f 
11 degrees Balling six months after treatment; while another unit, 
barrel No. N. 44, treated with 600 mgs. per kilo., showed practically 
no sugar at the end of six months. The entire "D" series of Malaga 
grapes, three representative nnits of which are shown in table 5, 
treated with approrimately 600 mgs. of SO" gave very u1liform 
results. . 

Table 6 shows an analysis of one of each of these three seriea. 
The two serIes of Ali.ante Bonsehet .represented by· barrels Nos. 
N, 33, lW;. and 39, &Ild N. 4ilf· 44, and 4,ll ~ted ",i~ 300 mgs.1Illd . 
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TABLE ;j 

V AR[ATI0N IN THt; BtmA YTOR OF VARIOUS BARRELS 

Size of j 1 APprOld".ate-1 I 
Barrel . barrel In ; Variety SO: added in Period of I 

I galloIl~ ! _______ I mgB.perkilo.; 5torage I 

-,-,--~I---: . , 1 mont.h I 
::"l. ,tT __ ... . . ----: 10 1 Abcante Bouschet] 300 I ' 
X. 34 .--- -, -- _ I 10 Alicante Bouschet:' 300 6 months. "'1' 
N.3!L .... .. . 10 I Alieante Bousehet ! 3()() 6 munths"

1 r-:. 43 .. ..... , .. , I' 10 I AI~cante Bouschet ... 1 600 11 month -'I 
N. 44 ... .. ... . 10 ]' Ahcantc Bouschet .. . ! 600 ] 6 months . . 
N.49,. . ] 10 : Alieante Bousehet "I 600 , 6 months. I 
D. 9, . 10 I ~Iahga., . . 600 ill month ... .. 
D. 10 10 I l\'1alaga _ ' I 600 2 months .. I 

~~.!. ~'~ .. ~_L_----=.~_l_Malaga __ ' -, __ 60_0 __ (}IDnnthB . . \ 

TABLE 6 

VARIATIO!\S H\ DIYl<'EREN T PARTS OF 'l'HE SAME BARRET .. 

Balling 
degroo 

15.7 
O. 

11 .0 

19.4 
0.5 

13.5 

19.6 
18.4 
21.'2 

I SO; oolltent II Halling [Alcohol coutent i mgs. perkilO'I~_I', inperoont 

Keg Number N . 33, Alicante Bouscbet I 

after I month: I II. 19.7 [ 0.95 
Grapes near top of keg . ,, _. __ ..... . __ .. _._ "_"' [' 164 
Grapes near center of keg .. ...... ...... ... _. ....... 45 1 14. 5 2.96 
Grapes near bottom of keg __ ... ...... .. ..... .... 365 IS.5 I 0_ 98 

Keg Kumber N . 43, Alicante Bouschet 

afte, 1 month: .... 1' I 
Grapes near top of keg. 393 22 8 0 26 
Grapes near center of keg_.. 75 17 ' 3 l ' 2 

Gntpes near Lotiom of keg... . 1 470 18:8 1,1 0:21 
Keg Number D. 11, Malaga after 6 I 

months: ,II 

Grapes near top of keg.. 395 19.8 0 . 28 

g;::: ~::; ~:~~~:no~~~:~_ ......... ··: :. ::r ~~ ~~:~ ~ : ~~ 

600 mgs. S02 respect~vely show a relatively high concent:ration of 
f::;02 at the bot.tom of the barrel, a lmver concentration at the top and 
a very -low concentration at the center of the barrel. · Because of this 
low concentration of 802 in the center of the barrel there was a corre­
spondingly low sugar and high alcohol content in grapes in this part 
of the container. Barrel No. D. 11, representing a series of Malaga 
treated with approximately 600 mgs. of SO, per kilo., shows a very 
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much more uniform distribution of S02 thronghout the gra.pes and 
after six mont.hs the sugar content and alcohol cont.ent 'Yere prae­
tically the same as when treated. To prevent spoiling, the concen­
tration of SO~ in the grap('s in all parts of the container must be 
sufficiently high to prevent the growth of micro-organisms. 

Relation of Type and Size of Conia,iner to EffiC1:clIcy.-In these 
tests three types (If containers were used: 

1. Glass eontainer's of several sizes and several methods of sealing. 
2. Metal cans of about 5 gal. capaeity. These cans were coated 

with paraffin on the inside to prevent corrosion of the metal 
by the acins of the grapes and the S02' 

3. ", ooden kegs and barreb. These 'were of four sizes, 4 gal., 
10 gal., 25 gal., and 50 gal. Some 'were plain fir kegs, some 
were para.fl!n lined, 80me asphalt lined and others were 
coated with paraffin on the outside after filling. 

The hehavior of the grapes in these various types and sizes of 
containers was comparable so long as the distribution of the 802 

'vas uniform throughout the grapes in the container, and so long as 
the container itself remained air tight. Difficulty was experienced 
with the drying out of the. plain wood kegs so that they ceased to 
be air t.ight, but except for this ther.e was no difference in any' of 
the experiments that could he attributed t'o the type or size of the 
container. Under similar conditions ,,,ith similar uniform concen­
tration of SO, the grapes kept equally well in 50-gallon wooden 
barrels and 2-quart glass preserving jars. 

Relation of the Form of the Su'tur Dioxide to Efficiency.-The 
suUur dioxide was applied to the grapes in three forms, namely, as 
sulfurous acid (H 2SO:;) , as potassium or sodium metabisulfite 
(K,S,O, or Na,S,O,) and as the gas (SO,). 

The sulfuroult; acid and potassium or sodium' metabisulfite were 
brought. into contact with the grape. in the following ways: (1) by 
submerging the grapes in the containers in must which carried the 
desired amount of the preservative; (2) by immersing the grapes in 
the container for a definite period of time in a suitable water solution 
of the preservative ; and (3) by t.ransfcrring the desired amount of 
the preservative to the filled container of grapes with R small amount 
of water. 

Immediately after the treatments by immersion and by the addi­
tion Qf the preservatives with a small amount of water, the kegs or 
barrels were rolled and t.urned end over end in order to ' bring the 
solution into contact with as many .of the individual berries as pos­
sible. This facilitated uniformity of distribution in the container, 
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since the sulfur dioxide is rapidly absorbed by the berries in contact 
with the solution. 

Tl1e sulfur dioxide a~ a gas was brought into contact with the 
grapes directly. The gas was diluted with air in accordance with the 
concentration of 802 desired in the grapes and was then forced to 
flow rapidly through the filled containers of grapes for a definite 
period of time. 

With less than 1000 mgs. per kilo. all lots treated by submerging 
the grapes in must to which the pre~eryatiye was added in the form 
of sulfurous acid or potassium or sodium metabisulfite fermented 
in from 1 to 4 months. Series B, Cornicbon, table 3, page 113, shows 
the results obtained in one lot treated with 650 mgs. SO, per kilo. in 
this manner. Treatments by the other methods, viz., (a) immersing 
the grapes in the contajD()r for a definite period of time in a suitable 
water solution of the preservatiYe, (b) by transferring the desired 
amount of the preservative to the filled containers of grapes in just 
enough water to wet a.ll the grapes in the container, (c) by exposing 
the grapes in the container to a definite concentration of 802 as a 
gas for a definite length of time, all gave equally good results, when­
ever a um:jorm application was obtained. It was difficult and uncer­
tain, however, to obtain a uniform application by applying the pre­
servative in just enough water to wet the grapes in the container, 
and this is therefore not a method to be recommended. 

All lots of grapes treated by immersion or by gas as described, 
in which the amount of the preservative added was 600 mga. per 
kilo. or more, retained practically all their original sugar content and 
showed no activity of micro-organisms for at least four months after 
treatment. Analyses of six of these lots in series Band C are given 
in tables 3 and 4. 

Condition of the Grapes after Storage.-By suppressing the 
activity of micro-organisms the loss of sugar and the accumulation 
of alcohol were prevented. An effect of the SO, on the grapes, how­
ever, was to increase the permeability of the cells of all parts of the 
fruit and stems. The color was released from the skins, and .the 
tannins and other substances from the seeds and stems. The berries 
showed varying amounts of' "leakage'j so that some free j~ce aecu~ 
mulated in the container. The appearance and condition of the fruit 
was decidedly not "fresh" and in no case would it be suitable for 
table fruit. For manufacturing purposes where the r.eleaee of ·the 
color find tannins and other substances into the juice is not objeetion­
able the grapes were nearly eqnal to fresh f";'it. The color is tempo­
rarily bleached by the SO, but returns as soon as the preservative 
is removed. 
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SULFUR DIOXIDE IN THE PRESERVATION OF GRAPES 
IN OPEN CONTAINERS 

Grapes have been j j sulfured" by burning sulfur in the cars after 
loading for shipment to distant markets, at sporadic intervals for 
SOIDe eight or ten years. In the main these" sulfured" grapes have 
reached the markets in no better condition than the untreated ship~ 
ments and in many instances their quality was impaired. In a few 
instances they have arrived on the distant market.;; in excellent con~ 
dition. Adequate checks, )lowe'ver, have been lacking in all cases. 

In the early work on the preservation of grapes in sealed 'con~ 
tainers, certain results obtained in tests on the rate of absorption of 
SO, by the grapes and the rate at which it was lost later When the 
grapes were exposed to laboratory conditions indicated that it might 
be possible to retard spoiling in open containers for a period of sev­
eral days to several weeks. In the light of these results together 
with the faet that "sulfured"" grapes have sometimes been shipped 
with partial success, tests we:te started in 1923 and continued with 
considerable elaboration in 1924, with a view of improving the method 
of application so that uniformly good results might be obtainea. 

RATE OF ABSORPTION BY GRAPES 

802 as a gas, when brought into contact with grapes .. is readily 
~bsorbed by them. The rate of absorption of the SO, is influenced 
by the concentration of 802 in the atmosphere~ the time of exposure, 
and by the temperature, maturity, and physical condition. of the 
grapes. 

Influence of Concentration and Time of Exposure.-Since the data 
on the relation of the concentration of the SO, and the time 'of 
exposnre on the rate of absorption of the gaa by t.he grapes were 
collected in the same teats they are presented together. Varying con­
centrations of S02 in air were forced over grapes" in glass cylinders 
for givb periods of time. The concentration of fhe SO, in the 
atmosphere waa determined by absorption in iodine both befo.!'e and ' 
after passing over . the grapes. After the given time of exposure, 
repr"""nUltive samples of the grapea in the cylinders were removed 
and analyzed for SO.. Representative r""nlts for Sever .. 1 coneentra~ 
tio1lS .of 'SO, attltuhorler peyiods ... f ti-ea~t are given in table 7 .. 
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The fi~uJ'eN of taldf' 7 shmv thai at relatively low concentrations, 
UlP SO:.: is absorbed n~ry rapidly from the atmm:phere. The figures 
furl her indicate that the concentration of' the gas as ,yell as the time of 
t:reatmcnt. must lw (:HpalJle of careful control, and that the concentra­
tion of S()~ mllst he uniform throug'hout the car. Only a small 
variation in the cOTiepYltration of the SO::: or' the time of exposure may 
result ~ithcr In too low a, eOlwcntration nf SO::: in the grapes to 
suppress the activity of the micro-organisms or in a concentration 
fo;uffi(~i(\ntJy high to seriously inJure the flavor and texture of the 
fruit. 

TABLE 7 

TUE IXF'LFENCF. OF' ~'nE CONCBKTRATlCN OF S02 AND OF THE TIME OF EXPOSURE 

OK 'l'lH~ HATf: AT WHI CH TilE GAS IS ABSORBED BY GRAPES 

I _ _ I Mgs . of SO, per kilo . absorbed 

Variety ; ~l): ~~II:h~f I I 1 . I 
! U~III06phere In 10 'I In ZO In 30 I In 40 
I minutes i minut('~ i llllnutes I minutes 

~~~lf;:-S'-.-. -----.. - 1.:

1

' ! 1; i 1

1

-:

7

58

0

' .. · .. 112~ ~I! :~ II~ 
Tokay 4 to 6 171 547 

Influence of Temperaiufe of the Grapes.-In these tests the range 
of temperatures occurring in practice was l',Qvered. The S02 gas was 
forced ow'r the grapes in glass ('ylinders at. the s{'\'eraI temperatures. 
Uniformity of tre£ltment was obtained by suppl~ring the same volume 
of gas of the same eoncentration to all the c~'linders at the same time, 
The yo]ume of SO:! snpplied was very much greater than that 
absorbed by the grapes. The ref-iults obtained are shmvn in figure 2. 

The graph of figure 2 shows that ,Yithin the small range of tem­
peratures usually met with in a car the matter of temperature of the 
grapes is of less importanee than the eoncentration of the SO:;: or the 
duration of the treatment.s. There is, however, a direct relation 
between temperature and the rate of absorption; ' hence, where the 
temperature varies considerably as it may between cars at 4ifferent 
seasons or in different localitiefl, h must be taken into account in 
order to obtain uniform results. 

Influence of Maturity of the Crapes.-This was detennined by 
exposing grapes of various degrees of ripeness to a known' concentra­
tion of SO, for a given period of time. The data shown · in table 8 
were obtained. 
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The figures of table B dearly sho·w the neces~it~r of having grapes 
of uniform ripeness whe.re uniformity of treatment is desired. By 
varying the ripeness, as indicated by t.he Balling test, five degrees 
(from 18 to 1:1 in case of Muscat ) the amount of, SOz absorbed was 
more tha.n tripled. 

g 

a 
~ 

R 

:5 
0 

'" 

V 
_....... V 

.> V 

V V 

...... V 
1. 2B 55 b5 75 

MgR. of 802 ahf;orhed per kilo. of grapeR. 

Fig. 2. The intlumwe of the temperature of the grapes to the rate of 
802 ahsorption. 

TABLE 8 

THE INFLUENCE OF MATCRlTY OF' TIIE GR.APES TO THE RATE OF 

ABSORPTION OF SO~ 

i ~o~O: absorbed per kilo. o~ grap!l6· 

Variety 
r ltipe Green! Very greeu 

i'v!UBca.t-.-.. ------.. -.-... -.. -. t--;;o ~aL ) (18 0 ~;;;:)I-(13;:zaL) 

I 
(230 Bal. ) (17 0 Bal.) I (100 BaL) 

Cipro Nero .. .. .. .. ..... llO 129 218 

• Tr~ted for 7 minutee with a. mixture of" per cent of SOt in lIoir . 

Influence of Condition (Soundnes" l of the Gra.pes.-Since the 
growth of micro-organisms and therefore the spoiling of grapes starts 
readily in injured berries, it is of part.icular i~terest to determine 
the rate and amounts of SO, absorbed by these berries as compared 
with sound grapes. To ' obtain dat.a on the relation of injury to the 
rate at which the SO, is absorbed, a considerable number of Tokay 
and Muscat berries were carefully stemmed' in such a way as to COD­

fine the extent of the injury tQ the rem~val of the stems. Stemmed 
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berries and sound bunches of these varieties were then treated in 
identical fashion with regard to 802 concentration, air flow, and time 
of exposure. The results obtained are given in table 9. 

The figures of table 9 show that stemmed berries absorbed SO, 
approximately twice as rapidly as sound berries. This more rapid 
intake of SO, by the injured fruit offers additional opportunity for 
getting the greatest possible retardation of spoiling by a minimum 
application of the gas. As spoiling usually starts in the injured 
berries, its arrest at this point through the absorption of larger 
amounts of SO:? ·will largely remove the danger of spoiling in the 
sound grapes. 

TABLE 9 

TH~: INl-'l,1.'Et-.;C'E OF PHY"SIC.-\L C..oNDITION (SOUNDNF.sS) OF THE GRAPES ON THE 

RATE AT WHICH 801 IS ABSORBED 

Variety 

Muscat ... 

Tokay .... 

Condition of 
berries 

Sound 
Stemmed ... 
Sound ... 
Stemmed ...... 

I MgIl. of So" per kil? a~bed from 2 to 3% 
In8.lr 

In 10 minutez In 20 minutlll! In 30 minutes 

60 85 114 
121 154 211 
58 64 93 

105 144 200 

Application to Grapes .in Open Containers.-In making these 
tests the conditions of the experiment were made as nearly as possible 
identical with those prevailing in an ordinary refrigerator car. Two 
air-tight 1'OOID'i;, each of 'It.})1_)T"oximately V4 the size of a eaT", "Wen: u:soo. 
for the treatment and storage of the grapes. One of these rooms was 
equipped with an ice compartment for refrigeration so that the tem­
perature could be maintained at 50° to 55° F. The other room was 
ventilated but not refrigerated. Both rooms were provided with 
floor racks. 

The grapes were packed in Standard No. 1 (Los Angeles) lngs 
in the usual manner of "jumble pack." Tbese lngs were not lidded' 
and were stacked in the rooms in a manner similar to that used in 
the loading of a car, leaving spaces between the rows lengthwiae of 
the room so as to permit the circulation of air horizontally and ver­
tically. 

The SO, was applied to the grapes in two ways: (1) By immers­
ing the boxes filled with grapes in R solution of potaSsium meta­
biaulfite of definite concentration for a definite period of time (_ 
table 10, test no. 1) ; (2) as a gas. 
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The SO, for the gas treatments was produced by burning sulfur 
(1) in a specially constructed stove provided with a forced draft (see 
table 10, tests Nos. 2 and 3 ), and (2) in the closed rooms (see p. 128). 

The special stove for the rapid generation of 802 by burning 
sulfur is shown in figure 3. It consisted essentially of an air-tight 
outside shell, constructed of thin sheet iron and concrete. into which 

Fig. 3. Stove for the rapid burning of sulfur. Note the multiple pa'll 
burner and the fan for :forced draft. 

Fig. 4. COil for cooling gas. Holes in the lower sIde ' of . the pipe which 
supports the eoil permitted the playing of ('.o1d wa'ter on all parts' of the coil 
eontinUGll8ly. 

was fitted an inlet at the bottom, an outlet at the top, and a tight 
fitting lid which could be opened so that the burner could be taken 
out and recharged. The burner cOUBisted of an iron rack on which 
could be placed, in position one above the (}ther, from one "'to five 
shallow pans filled 'with sulfur. This burner i8 similar to an arrange­
ment recommended by the Gulf Sulphur Company for the rapid 
burnlng of sulfur. A forced rlraft was ' obtained by connecting the 
d~ ill an ~l~trie ~uum e11"Ul6l' fan with t~einlet to the ~tove; 
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Under this for('ed draft the sulfur hurned yigoronsly, the heat from 
the ]mn'r pan~ Yi:lporizing the sUlf'Ul' in the upper pans. 'Vith this 
multiple pan burner, th(~ eonecntration of SO:! in the gas from the sLove 
could he varied from 1 to 2j pf'r rent by yaryin~ the number of pans 
used in t1H' hurner. The hot gas WU8 cooled hefore being driven into 
the room where the gnlpe:-; ,\yere pla(·Nl. hy ca.rrying it through a 
long pipe O\'\-,r which a stream of eold water was kept running (see 
fig. 4). SOJlW of TlH' rp~ult~ obtainf'd in the'le experiment!-; are given 
in table 10. 

TABLE 10 

TlJE RELATION 0]0' M AX:S-Ell 0.1" ApPI,TCATlOX 1'0 TIn: UNIFOR.MITY OF DISTRIBUTION 

OF 802 Hi" GRAPES WIlEN STORED IN BOLK A!\,D THE EFFICIENCY WITH WHICH 

SO~ RETARllS TH~; 8POILIK(l OF GKAl'ES IN OPEN CO:-lT,\TNERS. 

, , 
1 A vera!Z:t' ,I Poaitt~l tt;et;!~mp!c~ j Mgs. of SO, I n",ya elap~ing before 

Test No. alld vllri(lt.ie~ I' tempera- 1_. - I a.h~ ::Irbed per , apoiling 
tUTe of I I ' kilo. of grape~ i 

: room 8tad i Row:. L::!yer I 'I -----,---1 , 
Te,t No. I' with; 76" F. , i I r 190 113 day, 

Sultnnina. I ~ I '\ ~ i 1~~ ! -~~ ~:~: 
! 6 I 74 10 d,ys 

i 1 to 61 0 (cheek) 5 days 

Muscat and 
Tokay. 

] 

Test No. 32 with! 
Muscat and I 
Tokay. (Grapesl 
in poor condi­
tion! many ! 
broken berries.) I 

I 
1 Only one large psn used. 
t Ston with multip~ pa.n burnl:lt". 

I

I .11 tu 6: 48' 9 days 

. 1 to 61 0 (check) 5 days 

4! I 1 ~ II: I ;~ ~:~: 
I 4 I 99 , 15 days 

2 I! I] i~ [I lH:;: 
; 6 . 91 1.5 days 

'I I I 80 15 days 
! 1 to 61 0 (check) 5 days 

]
' I to 61 0 (CheCk)1 7 days 

4 I ,269 I More than 18 days 
\ 3 , 243 More than 18 days 

]
6 265 More than 18 days 
1 249 More than 18 days 

1._ 5 272 I M.ore than 18 days 
i 3 275 More than 18 days ill 240 More than 18 days 

5 256 More than 18 days 
I to 6 0 (~heck)1 7-8 day, 

3 ImmerBed for one minute in a 1/c l!Olu~~~n of potassium metabisultite. 
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Tbe outstanding facts hrought out by the data of table 10 are: 
(1) that uniformity of distribution of S(_)~ can be obtained ,,,hen 
grapes are treated in air-tight rooms in -which the arrangement of the 
boxes is similar to that of a loaded car. and (2 ) that grapes uniformly 
treated "'ith the proper amount of f)O~ as a dry gas ma;r be expected 
to keep at least twice as long as the ulltreated checks when held under 
the same conditions of storage. 'rhese stat,ements are borne out by 
the figures obtained under tests nos. 2 and 3 a.-<;; well as by thm-;e of 
the sCimples taken from and the returns ohtaini:'d on a treated car 
which are reported on page 1:30. 

Treatment uy immersIng the grapp,s in a wat,er solution of potas­
sium metabisulfite although reSUlting in a uniform distribution of 
SO~ ",'as not so effective in retarding spoiling as treatment with the 
gas, and the wet condition of the grapes aft('r trpatment detracted 
consiuerably from their appearanee. 

Um:jonnity of Distra!Ution.~The fact that a uniform distribution 
of SO:,) in the room or car can be obtained when the SO~ is applied 
in the proper manner is Lrought. out in table 10, tests IlOS. 2 and 3 
(al~o in the treated car reported in table 1:1 ) . 

The lack of uniform dil->tribution in test no. 1 was the result of 
inadequate SO, supply rather tban a fault of the method of al'pli­
cation. In this test it required a considerable period of time (35 
minutes) to burn the required amount of sulfur j hence, the displace­
ment of the air in the room ,dth the SO~ air mixture 'was very slow 
and the grapes near the place of entry of the gas absorbed the great.er 
amounts. In this case the sample from layer 1, row 1, and stack 1 
,!,ith 190 mgs. SO, was directly in. front of the gas inlet, while the 
sample from layer 6, row 1, awl stack 5 with 74 mgs. 802 was from 
the part of the room farthest from the · inlet. 

In test no. 2, however, ,,,here the necessary sulfur was· burned in 
less than ten minutes) the displacement of the air in the room with 
the 802 air mixture was very rapid· and complete j thus all the grapes 
were exposed to an 802 air mixture of about the same concentration 
for tbe same length. of time, ·which resulted in a nearly uniform 
absorption of gas by tbe grapes in all parts of th~ room. Here the 
sample, layer 1, rm\' 3) stack 1, from directly in front of the inlet 
absorbed 80 mgs. SO" the same ' amount as that absorbed l;!y the 
sample from layer 6, tow 3, stack 5, from the farthest part of ,he 
room. Furthe~more, the variations which did occur in the amounts 
of SO, absorbed by grapes from different parts of the .room in teats 
nos. 2 and 3 were found to be. the resulf of variation in the condition . 
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of the gJ'apes such a~ Balling degree, injury, etc. (See pp. 121 and 
122). 

Retardation of Spoi!ing.-The data of table 10 indicate that only 
a relativelY small amount of SO~ need be absorbed by the grapes 
greatly to prolong their period of utility. In test no. 1, the treatment 
was not uniform and most of the grapes contained less than 100 mgs. 
of 801 per kilo., and yet they kept twice as long as the untreated 
check. The grapes of test no. 2~ which received a very uniform treat­
m{mt of from SO to 100 mgs. of SO~ per kilo., kept three times as long 
as the clwckR. 

The quest jon might arise a.s to why the checks spoiled so rapidly 
(5 days) in these tests. rrhis is accounted for by the high tempera­
tUres of the stora.ge rooms, .vhich ""ere 76° and 74 0 F . respectively. 

In test no. 3 reported in table 10 the grapes were purposely injureq 
through careless picking and through the transfer from field lugs to 
standard no. 1 lugs in order to see how this might influence the 
amount aud uniformity of distribution of the 802 absorbed and the 

·time elap::iing before spoiling, A better idea of the condition of these 
grapes may be obtained by cOlliiidering the fact that the untreated 
checks spoiled completely in seven days at 55" F. The 802 treatment 
given these grapes was identical with that of test no. 2 as regards 
concentration and duration. In test no. 3 the condition of the grapes, 
however, was such as to hasten the rate of 802 absorption (see table 
9); hence, the amount abs'orbed was three times as much as that 
absorbed by the sound grapes of test no. 2. In spite of the poor 
condition at the time of treatment, these grapes kept nearly three 
times as long a.s the untreated checks. 

Effect of l'arying Amounts on Keeping Quality, Color, Texture, 
and Flavor.-In the application of SO, to table grapes or to any fruit 
of which the appearance greatly affects the sale value, the effect of the 
preservative on color, texture, and flavor must be considered as well as 
the retardation of spoiling. 

To obtain information on the effect of varying amounts of SO, on 
the condition of thc grapes and on the retardation of spoiling, grapes 
were carefully packed in large glass containers and then treated with 
varying amounts of the preservative. Aiter the treatments, samples 
for analysis were removed for determining the exact BlIl:ounts of 802 

absorbed and the condition of the grapes of eaeh container. The 
containers were then covered with cheese cloth to exefnde vinegar 
lIies and held at room temperature until spoiling occurred. The glass 
container permitted frequent observation of oolor and spoiling with-
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out disturbing the pack. The effects on flavor and texture were 
determined by exami~ing and tasting samples removed from the con­
tainer from time to time. The results of th.ese tests 'are sho'\\'"ll in 
table 11. 

'fABLE 11 

THE E"rECT OF VARYING AMOUNTS OF 802 eN KEJ'..PING QUALITY, ApPIlARANCE 

AND FLAVOR OF GRAP"ES 

I 
M~r%~~ I CoIOT and taxture 
added to the of tree.ted gra.~ 

"" ... ----
Black Prince .... j ~ (check) " N'~~~i.' ... :: ::::::::: 

Variety 

Cipro Nero ..... o (check) 
40 N.orma!" 
70 Normal... 

Malaga ... o (check) I 
35 NormaL 
92 NormaL 

201 Normal .. . 

451 Color ligbter. 
Somewhat soft 

Hunilla ... o (check) ..... 
19 NormaL. ... 
38 NormaL. .. 

185 NormaL .... 
454 Pale rose color 

Somewhat 80ft 

Ohanez ..... o (check) .. 
l3 NormaL. .. 
43 Normal 

125 NormaL .... 

256 NormaL. 

e~~~ I Effect. of the So. on flavor 
before 

epoiling 

7 day.s 
16 days.. Flavor normal 

6 days 
13 days .. Flavor normal 
20 days Flavor normal 

8 days 
14 days . Fia VOt normal 
16 days Flavor normal 
20 days Stale after 20 days. Trace 

of SD.! .in taste. 
25 days. S(\ t aste pronounced 

S days .. 
11 days .. Flavor normal 
14 days .. Flavor normal 
20 days .. Taste slightly injured 
25 days .. 802 taste pronotulced 

10 days .. 
16 days .. Flavor normal 
22 days:. Flavor normal 
30 days .. Taste aimoIJt normal after 

30 daya 
30 daya .. Trace of so, in taste 

The data of tahle 11 indicate that about 50 mgs. of SO, per kilo. 
of grapes is sufficient to double the keeping period and that 100 mgs. 
does . not injure the color, texture, or flavor of the varieties use~.in 
these teSts. In view of these results it appears that the proper amount 
of SO, to apply to table grapes to delay spoiling in trallSit or storage 
is f1'Oll1 50 to 100 Il1g8. per l<jlo. of grapes. 
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~111Ph,C(lJ£on by Bnnu:ng Sulfur Inside the ClolScd Room.-Most 
of the" .'iulfuring" of loaded car~ of grapes that bas been attempted 
in the paiiOt has oeen done by burning sulfur im;iJe the car after the 
doors hel."m been e]o,sed. To le:-:;t the efficiency of this method several 
experiments ,vert'- set np in the tight rOOlllS mentioned. 

Burning the sulfur in opt'u pans. In one set. of these experiment.,;; 

an effort was made t-o generate the 802 by burning the sulfur in open 
pans insjde the room. The grapes ,,,ere pacl{ed and ' placed in the 
room af.; desel'ilw(l on page] 22. Three shallow pa.ns, each containing 
from 11/2 to 2 pounds of sulfur were placed side by side on the fioor 
and ignited. The door and yentilators ,yere closed. The results 
out,ained in the ll108t snccessful of this set of experiments are given 
in t8 ble 12. 

TABLE 12 

TJlE AhlOI'X T OF SO~ AllSOI\RED BY GRAPES WHR:'< 'rilE S U Ll<'IIR WAS BURNED IN 

OPEN PANS IN A CLOSED HOOM* 

.sumberof 
treatment 

, , 
I I 

SO: concentratlOli lfl grapes Mgs per kilo I SO: absorbed 
after each f!UCCeSSlve treatment at each 

I Pound~ of treatment 

, '0"0' bunwd I I 1 ' (ave""" 

-F-ir-'t-'---'I 1 01 I' Mm':;m J Ma,,::m , Aye::, 1---2-6--
Second 1 8 I I 60 34 
Third. '1 8 , 72' 144 I 114, 54 

* The ~i1i" of thi~ room was about! the sh:e of an ordinary refrigerator car. 

It required three successive treatments to obtain over 72 mgs. of 
SO:! per kilo. of grapes. The first applieation, in which a little ove"!' 
1 pound of sulfur waH burned, gave an average of only 26 mgs. per 
kilo. The second application ~ in which 1.8 pounds of sulfur were 
burned~ gave only 34 mgs. per kilo. The suc-ce:-;sive treatments raised 
the temperature of the room considerably, so that the third treatment 
resulted in a some1','hat greater increase in concentration (54 mgs. 
per kiID.). 

"'Then sulfur is burned inside an air-tight room, the oxygen con­
tent of the air is soon reduce'd below the concentration necessary to 
support eombustion, and although a total of over 4Y2 pounds of sulfur 
was placed on the pam. in the room not more than 1.8 pounds burned. 

The data Df this table also show that the distribution 'of SO, was 
not uniform, varying from 144 mgs. per kilo. uear the burning sulflll' 
to 72 mgs. per kilo. in another part of the .oom. 
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Results similar to theRe 'were obtained when the I'ulfur was placed 
in pani-;, one a.bon~ t.he other, in the rack uSlI.d in the burner for thf! 
~tOYe discus."ied on page 12:1. 

Burning the .:mlfur in a stove pla(!ed inside the room. By placing 
the ~tO\"l' (jes(~ribed on page 12:~ inside the room, 'with the lid of the 
s1on~ removed and the draft .inld connected to the air outside of the 
room and 'with tbe venl-.jlators of the room opell, more sulfur \vas 
hll1'Ilhl. so that the required conc~ent.ration of 802 in. the gra.pes wa.." 
obtaiIled by onc treat.ment. .... t\. forced draft was not w:ied in these 
tests. However, the uniformity of distribution '(,"as no better and the 
hplit produced by the burning of the sulfur rflised the temperature 
of the grapes as much as 25 " P This excessive increafie in tempera­
ture cHused the treated gril_pes of these teRtI:; t.o spoil almost as ~oon 
as the untreated cheeks of otbt'r e.:qwriment:;;. In the refrigerated 
room:'.;) it required several d4Y~ to rf'.duc'f..' the. temrer~.tul'e to 6(}0 aft~r 

treatment in thi;, manner. 

Shipment of a Oar-Loar! of 1'1'caied Gmpes.·--Through the (',0-

opf'rati.oIl of l\fr .• T. II. "\Yheelel' o~ St. Helena, California, we were 
enabled to obtain samples for' anal'ysi~ as well as "returns" from a 
ear of grapes treated with SO~. Previous to the 8hipping of this 
ear, ::\11'. "\Vheeler 1HI(1 treated a nmnher of car-loads of wine grapes 
intended for short distance shipments and .had obtained very enc~ur­
a~ing results. The manner of application of 802 used by him in these 
t.reatments was practically ldentical with that ufied in most of the 
tests at Davis (des(~ribed on pp. 12:1 and 124). This car, which was 
distinctl,v an experimental shipment to :\tm· 'York, eontained a nmn­
lwr of yariet.ies in YRJ'iable com]jtjol1, a;.; shown jn table la. After 
t~eatment. the car wa~ kept (dosed for abou1 ao minuteH. It was then 
f..'ntered and Ramples retnoyed for analysis from the 11ositions indicated 
in tubl.e 1:J. 

The data pr~sentcd in table 1;1 show that similar results, with 
regard to the quantity of SO, absorbed by the grapes and the uni­
formity of distribution, may be obtained in the treatment of car-loads 
as in thl;l smaller air-tight rooms used for the experimental work at 
Davis, Furthermore, ,,,"hen account is taken of the ~ondition of some 
of these grapes (Alicante Bou~chet, Carignane, and Lenoir especially), 
which ''''8." such ai=; to preclude shipment . for more than a very .short 
distance in the . regular' refrigerator car, t.he quality of the graves 
when H~ldin New York, 18 days after treatment, and the price 
receh'ed, indicate that. the treatment was of coru;iderable value in 
lengthening the period of utility of these grapes. 
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TABLE 13 

RF.Sl"LTS OnTAINED FROM A CAR-LeAD OF GRAPES TREATED WITH SO~ llY 

]\fR .• J. II. l,VIll':FJ.ER, ST. HELENA, CAI,IFORNIA 

I I PO$ltlOil II! car II MgR SO! iCondlilon of gr8.pe~1 

I 

t ab~orbed I v, lli.!n lIold m N Y PrlOe 
Vanet~ CondltlOll v. h~n loaded I I I p~r kilo I' 18 daY'!:i after Te-

_____ ~ Stack Roy, I Layerl of gra.ptlS treatment· celved* 

(;'c~nH",~ ,,,,,,!th,m,, M.ml 2 31---;-li-~~I~~~---~ 
be-m", broken I 2 3 S 94 2l 
(Bu.llmg 183t I I 1 760 

'I I i 5 700 I ']1 778 
3 'I 90 0 Very soft berTIe!! 

10 I 3 108 -4 I MOIItiy good color, W 

I !~ I 3 ~ ~~ : ; I fair pack. 

1 
: ",dd'I'ICO"]" I i I 14 3 8 9fLO j 

----1------ ' I 
Aiicallttl BouS<.'lwt ,: Had bef.]J bf'ld on platform a week before loading.] &lit herrieil. Good 2 ,60 

Carill;ll8.Ilt' 

I B{,rriill\ !;oft, lllight mold, eoror good. color. 

j Bali been h_cld G,n platform 8. week before lOading.] Slightly Oli~iIl~ 2.25 
'I' So, meberrws rUlsined, slight mold, slightly off color Slightly reddillh 

ircddlHh). ~olor. 

Lenoir_ : Had booll held on platform a week before loading . Good color. Very 2.25 
i Berrief' soft, ~light mold, color good. ~mall buoehee. 
I , , 

, [ Had ~en ]'l;'ld on pl~tforlll a few day~ before loading Very 110ft berries. 1.90 
Berne!! soft, colOT good. MOfltly good color . 

PetiteSirah 

• Revort to J. H . Wheeler by the Earl Fruit Co. 

SUMMARY 

]. Of the commoner preservatives, sulfur dioxide, boric acid, 
formic acid, formaldehyde; benzoate of soda, and salicylic acid, sulfur 
dioxide alone is promising as a preservative for fresh grapes. 

2. Sulfur dioxide in 'suitable concentrations prevents or retards 
the actiyity of all micro-organisms usually concerned in the spoiling 
of grapes. 

3 . .A small quantity of sulfur dioxide decreases the rate of respira­
tion in grapes. 

4. With a suitable concentration of SO, uniformly applied to the 
grapes in sealed containers, it has been found possible to. prevent the 
loss of sugar and the accumulation of alcohol almost indefinitely. 

5. Uniformity of distribution of the SO, throughout the grapes 
in the sealed containers is abs~lutely essential for success. 
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6. The type and size of container, so long as it is air-tight and 
not easily corroded by acid, is of little or no consequence. 

7. The 802 may be applied as a gas in air, or the grapes in the 
container may be immersed i~ a water solution of the gas or in a 
water solution of potassium or sodium metabisulfite for a definite 
length of time. 

S. The treatment of grapes with 80 2 in sealed containers increases 
the permeability of the cells, so that the color, tannin,'" and other sub­
Rtnnccs are released. This renders the fruit unsuitable for table usc. 
For manufacturing purposes where t.he release of color and tannins 
into the juice is not objectionable, the grapes arc almost equal to fresh 
fruit. 

9. Through the uniform application of very small quantities of 
SO;,: to grapes in open containers, e.g. loaded. cars, it has been found 
possible to double the period of time elapsing before spoiling with 
no injury to quality. Gra.pes treated in this ,vay ,,-"ere in good con­
dition for eating fret=;h. 

10. The rate of absorption of SO, by grapes is inf!llenced by (a) 
concentrat.ion of S02 in the atmosphere, (b) t.ime of exposure, (c) 
temperature of the grapes, (d) maturity of the grapes, and (el 
physical condition (soundneSR) of t.he grapes. 

11. A uniform distribut.ion of a suitable concentration of SOz 
without injury to quality may be obt.ained" in grapes arranged as in 
loaded carS, when the following requirements are met: (a) a sufficient 
SOl! supply and air flow to displace the air in the car viTith a uniform 
SOl! air mixture within two or t.hree minutes, (b) the 802 .air mixture 
must be cool before being driven into the car, and (cl the equipment 
must be capable of maintaining this flow of 802 in air for from 
10 to 30 minutes according to the concentration of the mixture used. 

12. It was found that with a 2 or 3 per cent SO, coneentration 
in the air, about twenty minutes wa..<; required to · cause sound grapes 
to absorb 50 to 100 mgs. per kilo. With a 4 to 6 per cent SO, concen­
tration in the air the time required was about ten minutes. 

13. It was found that 50 mgs. of SO, per kilo. of grapes is suf· 
ficient approximately to double the keeping period and that 100 mgs. 
does not injure the color, texture or flavor of the .grapes. 

14. It was fonnd impossible to treat grapes successfully by burn­
ing the sulfur inside the. closed room or ear. 

15. The resnlts obtained from an experimental car· lot shipment 
of grapes by Mr. J. H. Wheeler indicate that the results obtained in 
these experiments may be applied j;Q comme.-eial praeti.ee. 
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