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INTRODUCTION.

Allithough much work has been done along the line of Chemical
snalysks of cider and vinegars, this wérk hLas for the most part beern
limited to a single analysis for the purpose of detecting adulterstic. ,
perhaps, or to acertain what varieties of fruit would produce the
highest alcoholic and acetic content. The analyses , thmrefore, Lave
not extended over & great length of time in most cases, nor rave tle;
been periodical,

Perhaps in resent years the Bacteriological side of viregar
making has raéeived its share of scientific attention, so this phase,
although touched upon in our work, was not made the major considerati..
In & Bacteriological way all we attempted to determine was, which
method would in-the long run prove best in the making of cider viresur,
to inoculate the sterilized cider with pure cultures of yeast and
Bacteria, or to simply press the juices from the pulp and,with out
sterilization, allow them to become spontaneously or self irnoculsated.

It need not be more than stated that the processes which taxe
place in the formation of virnegar from cdder are briefly: first,
the transformation of the sugar in the Jjuice to alcohol throughk thre
sgency of yeasts, and secondly, the transformation of the alcohol
in to acid by means of a certain species of Bacterium, There is no
distinot 1line of demarcation between these changes, but thLe whole
procedure is gradual and measureahle, To measure the original ammourt
of sugar and watch its gradual transformation into aleolol and
finally acetic acid is what we st out to accomplish in the selection

of this thesis.
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The work at & glance can be seen to cover a broad field sand
iz startirg out with twenty-three varieties of apples, we soon found
that for the best results in the time alloted,we should have had about
half that'number and mich more cider from each variety than we actuall;
had. Starting out on MarclL 1%; 191%, ,with ¢ider from ten pounds of
apples of euch variety, we found that on liay 12th, after Lavding
completed three &analyses of msach, our supply was so low that we were
unable to continue. In some cases the supply wae markedly cut down
by the formation of jellies through the action of the alcohol on tkre
pectins in the cider.

The apples uesd were &1l taken from the Gollege €Cold Storkxaze
Plant durying the first falf of the month of iiarch. They were for tlLe
most part a little under color, and in thetr selection no attention
wag paid to uniformity of size they, being taken, just &s they came
from the boxgs in storrage. As soon a8 the initisl analysis of euch
variety was made, the cider was placed in the temperature room of the
Bacteriological Building in which & uniform trmpesrature of 200C, is

maintained.



OUTLINZ OF WORK.

Ten pounds of esuch variety were taken froa the coll storage
plant and pressed. as the cider came from the press it was filtered
through several thicknesses of cheese cioth and weighed., The initiszl
analyses for sugar and acld were mude irzmediately before the ciders
were placed in the temperature room. Soxne of the cider wus placed 1.
previously sterilized pint bottles with cotton stoppers =.i s019 L.
dastecilized DLitles. The cider in the sterilized bottles was ster-
11ized ir & steam sterilizer on three successive days for one hLalf
houf at & time. In the mean while the non steridized cider was placed
in cold storage at a temperature of 310-,5°F. to prevent fermentaticc.
As soon as the necessary sterilizing was completed, the sterilc
varieties were inoculated with one cubic certimeter of a pure culture
of Champaigne yeast and about one half of a square inch of a mother
of vinegar culture (Bacterium aceti), The cider in the ndn sterilizec
bottle was not inoculated. All of the cider; inoculated and not
inoculated, was then placed in the temperature room.

Three aralyses were made of both the inoculated and noninocul-
ated samples of each variety and these as near three weeks apart as
possible. The first analysis was made for sugar and aci®, the remair-
ing two for sugar, acid and alcohol. The acid titrations were all u
made with normal tehth sodium hydroxide (N/10 NaoH), In all acid
calculations the molecular weight of acetic acid was used..

Iz analyzing for sugar the centégrade temperature was takey,
and Brix readings made with a Brix hydrometer. With a pipette, grad-
uated to Brix readings the necessary amount, as designated by the

hydpemeter, was drawn from eadh bdttle and placed in & two hundred

cubic centimeter flask (200 C.C.). To this was added seven Bubioc



centimeters of lead sub-acetate and this diluted up to the 200 C,C.
mark on the flask. The flask was then shaken and the contents filtere:.
A Polariscope reading was then made of the filtrate.

The n#xt step was the inversion of 50 C.C of the filtrate.
This was acomplished by placeing the 50 C.C. in & beaker and adding
a few grams of sddium carbonate to precipitate the lead. The precip-
itate was filtered &ff and the filtrate Placed in 100 C.C. flasks.
It was the}diluted up to about 90 C.C., 5 C.C. of consentrated Eydro-
chloric acid sdded, and placed in & water bath at a temperature of
70°C. for ten minutes. After being removed fro.. the bath, the flask
was cooled down to room temperature¢, filled up to the 100 C.C. mark
and the invert reading of the solution made on the Polariscdpe. The
percentage of sugar was then computed by the following formula:

_100( first reading - invert reading)
14266 (Temperature at which readings were made)
2 .

S:

in whieh S & 4 of sugar.

The percent of alcohol in these samples was found by the
following method: the temperature and specific gravity of each was
firat taken; then 100 C.C. of the sample was diluted with distilled
water to about 150 C.C. and the acid Neutralized with Calcium carbon-
ate. A little paraffin was placed in the flask to keep the contents

" from boiling over in the process of distillation. The sample was tler
placed in the still and about 95 C.C. distilled over. This was dil-
uted up to 100 C.¥., cooled, and the specific gravity taken by mears
of the pyocnometer. By consulting & table the =mount of alcohol in
such a sample af any specific gravity was found. By dividé¢irg the

amount of alcohol in the sample, as shown by the table, by the specifi.



gravity of the origiral sample we found the pm®rcentage of alcohol i

the original sample.



YELLO'W BELLEFLOWER

INITIAL ANALYSIS

3/18/13 Percent of juice
" " 8u gar
A\l " a c id

NON-INOCULATED

4/11/13 " "  gugar

" v acid

" " alcohol
4/30/13 " " gugar

" " acid

v ' alcohol
INOCULATED
4/11/13 v "  gugar

" " acid

" " alcohol
4/30/13 " " suger

v " gacid

A " alcohol

35.6
2.18

o2

.0
.6
7.96
.0

1.0

T.53

.14

7.46
.0
2.0

6.47



BUCKINGHAN,

INITIAL ANALYSIS

3/18/13 Percent of juice

v " sugar

v * aciad
NON-INOCULATED
4/11/13 " "  gugar

" " acid

" " aleohol
4/3%9/13 " v  gugar

" " aciad

" " aleohol
INOCULATED
4/11/13 w "  gugar

v * acid

" " alecohol
4/3%0/1% " "  gugar

" " acid

" ' alcohol

INOCULATED WITH YEAST ONLY.

4/11/13 Percent of sugar

" " sacid

" " alcohol
4/30/13 v " gugar

" " sacid

" ' aleohol

46.2
.88
.2

..15
o3
2.48
.0
2.8
6.33

.0

5
6.83

.0
3.4
6.1

.0
3
6.74
.0
3.0
3.77



COLVERT.

INITIAL ANALYSIS

3/18/13 Percent of juioce
v " sugar
" 11) a ° 1d

NONleOCULATED
4/11/13 " " gugar
"N " acid

" " alecohol
4/30/13 " "  sugar

"B " acid

" " aleohol
INOCULATED
4/11/13 " " gugar

" " saoid

" ' alcohol
4/30/13% v "  gugar

W acia

# " alcohol
INOCULATED WITH YEAST OKNLY

4/11/13 . Percent of sugar

v " acid

" " aleohol
4/30/13 " " guger

v " acid

" " alecohol

49.3
.58

.41

.0

.8
6.28

.0
3.1
7.21

.14

2,28
.59

3.1

2.87

.0
e d
T3
.0
nn test,

5.21



GANO.

INITIAL ANALYSIS

3/18/1% Permen$ of juice
" ¥ sugar
v " acid
NON-INOCULATED
4/11/13 " " gugar
v " acid
v ' alcohol
4/30/13 - " " sugar
" " @aoid
v " alcohol
INOCULATED
4/11/13 " "  gugar
v " acid

" " alcohol

4/30/13 " "  gugar
” " aoid
" " alcohol

36,8
.79
3

.22

-4
5.06

.22
1.8
5.9

1.49
1.4
2.42
.22
2.8
2.6



PEWAUKEE.

INITIAL ANALYSIS

3/18/1% Percent of juice
" " sugsar
AL 1" ao 1&

NON-INICULATED

4/11/13 / # " sugar

" " soid

v " aleohol
4/%9/13 " "  gugar

, " v agcid

" " alcohol
INOCULATED
4/11/13 " " sugar

" ¥ aocid

" " alcohol
4/39/13 " "  gugar

" " acid

" " alwohol

42.5
1.54
-4

.075

5.83
.0

2.2

6.17

5
6.99
.0
1.1

7.52



NORTEERN SPY.

INITIAL ANALYSIS

3/18/13 Percemt of
NON=INOCULATED

4/11/13 " "
4/%9/13 wooow
INOCULATED

4/11/13 " "
4/39/13 L

INOCULATED WITH YEAST ONLY.
4/11/13 Percent of

4/39/13 oo

Juice
sugar

acia

sugar
acid
alcohol
sugar
acid
alcohol

sugar
acid
adédhol
sugar
acid
aloohol

sugar
aciad
alcohol
sugar
acia
alcohol

45.9
1.59

.0
5
g.37
.0

1.0
1.53

.0
5
6.77
.0

4.78

.0

o4
8.5

.0
1.1
7.18



ALBERMARLE.

INITIAL ANALYSIS

3/18/13 Percent of juice
" " sugar
" " ac 1d

NON-INOCULATED

4/16/13 " "  gugar

" " @acid

" " aleohol
5/2/1% " "  gugar

"B " acid

v ' alcohol
INOCULARED
4/16/13 " "  gugar

" " acid

" " alsohol
5/8/13 " "™ sugar

" " sacid

v " aleohol

%0.6
2.05

37

.9
4.71

37
1.8
.23

.0

4.88

074
1.0

6.62



KRAUSER.

INITI&L ANALYSIS

3/18/13 Percent of juioce
w "  gugar
i v acid

NON-INOCULATED

4/16/13 " " sgugar

v “n scia

" " alcohol
5/2/13 v " gugar

v " aocid

" " alcohol
INOCULATED
4/16/13 w Y  gpgar

" " sacid

" " alcohol
5/2/13 w "  pugar

" " aciad

" " alsohol

41.8
.88
o4

.59
1.0
2,65

.15
1.3
5.99

.15
9
»2.08
.29
1.3
»5.26



ROUND BORSDCRFF

INITIAL ANALYSIS

3/18/13 Percent of juice

" " sugar

" " acid
NON-INOCULATED
4/16/13 " "  gugar

v " acia

" " alcohol
5/2/13 " " gugar

v " aociad

" " alcohol

INOCULATED
4/16/13 ¥ v  gugar

v " acid

" " alewohol
5/2/13 " "  gugar

" " acid

" " alcdhol

19.4
1.1
.2

3
1.2
4.8

.36
3.0
7.22

.22
1.6
3.72

3.1
4.57



CELESTIAL.

INITIAL ANALYSIS

$/18/13 Percent of juice
" " su gar
v " acid

NON-INOCULATED

4/16/13 w " gugar

" " acid

" " aleohol
5/2/13 v "  sugar

" " acid

" " alcohol
INOCULATED
4/16/13 " "  pugar

" " acid

" " alcohol
5/2/1% " "  gugar

" " acid

" " alcohol

25.0
1.01
.2

.0
1.2
4.88

.0
2.0
5.28

.0
1.0
4.74

.0
1.8
8.05



COFFELT.

INITIAL ANALYSIS

3/18/13 Percent of juice
" " sugar
" " ao id

NON-INOCULATED

4/16/13 w "  gugar

v " acid

" " alcohol
5/2/13 " "  gugar

v " scid

" " aleohol
INOCULATED
4/16/13 * Y  gugar

" " acid

" " alcohol
5/2/1% " "  sugar

" " acid

" " alelhol

25.0
1.59
3

.52

.6
5.TT

.14
1.6
6.41

.21
.6
5.51
.074 .
.9
7.86



LADY.

INMITIAL ANALYSIS

3/22/1%3 Percent of JUiC@e.ce.cecercsccccces 33,7
" - A « 1.
" V- T DA

NON-INOCULATED

4/18/1%. Percent Of BURBT...cececececvceenes 37

" " acid..‘ ..... ® © 0 5 0 0 00 0 00 .3

v " 8lCOh0lececcececcsccccoee 265
5/1%/1% " " BUZBTeeeccececcccccococecs. <44

8C1Qccceccccecorecccssees 2.1
" " 81CO0h0leiececcsccesssensss 1lub

INOCULATED

4/18/13 '

" " acid...................’. 1.01

-
2

sugar.‘.....0........'0.. l.lg

" v al°°h°1o ® 0 0600000 0000 00 0 00 2. 43
5/15/13 " v sugar. ® 0 0 006060600000 0600 0 0 00 o 14
" w ac 1d. ® 6 0. 060 00 0 060006 00 0 0 90 0 LI J l. 3

v " alcohol'.......l‘l....... 1.11



INITIAL ANALYSIS

LIVELAND.

3/22/13 Percent 0f JuilGBeeeceoccocsees 53.1

NON~-INOCULATED
4/18/1% Percent

5/15/1%

INOCULATED
4/18/13

5/15/13

"

"

"

"

of

"

"
"
"
1"

sugar..............

801&.'.............

BUZBY ecosocoscsscoe
801dccccevsccoccnss
8lcohol.c.cececccss
BUBBT e eecooccncssose
LY . S e

alcoh‘l......”’...

BUEAY csocccoocscvns
E-Y 1 U s
alcohdl..ceocococne
BUEBY e eeovoossosons
acid............ coe

alcohol.l..........

2.47
3

.0

5
T.52

.0
233
4.95

<44

.8
6.62

.0
5.0
1.12



INITIAL AX
3/22/13

ALYSIS

GRAND LOTHER.

Percent Of Juice’.....’.l...’.. 41.2

"

NON-INOCULATED

4/18/13

5/15/13

INOCURBATED
4/18/13

5/15/13%

Percent

w
"
"
w

"

"

"

"

"

"

"

"

”

"

w

"

"

"

8ugar........oooccuo

acid.'....'..".....

BUBBY ..ceoecvsrsnces
80id..ececccccnnnnnn
8lcohOleccovececncne
BUBBYceovocoscovcnss
801dc.ccccceccccccese

aIOOhOIOQcooooocoooc

BUBBY e .covoveccccens
-1 i .
8lcohole.ceocevcesee
-10F-2-%
-1 b U P

8lcOh0lececcoccoccenn

1.94
3

.29
5
6.95
.0

1.6

J.44

.37
.6
6.93
.44
3.5
3.26



INITIAL ANALYSIS

3/22/1%

Percent

"
2

"

NON-INOCULATED

3/18/13

5/15/13

INOCULATED
3/18/13

5/15/13

Percent

”
A1
"
"

"

"

A1)

"

NO NAKE.

of julce.eecciee;eeeees 21,2

"

"

1"

"

"

"

"

"

Bugar....l.l.......

acid......‘.‘..‘...

sugar..............

aoid...."....-....

aloohol............

sugarooooaoooocooncn

aoid........‘.l....

alcohol........

su&ar...o.....-.l.

acid.’..‘......OOO

al°°h°10 ® @ 000 0060 0 000
Bugar. ® 6 069606006 060 000
aCid. ® 0 0 00006000 0000

alcohol ...

97
-4

.59

.6
T-24

.15
5.2
2,26

.29
1.0
4.95

.22
4.5
1.64



INITIAL ANALYSIS

3/22/13

Percent

"

NON-INOCULATED

4/23%/13

5/12/13

ILUCULAT 8D

4/23/13

5/12/13

Percent

"
11
"
"

144

"
"
"

"

AROBKA.

of juice.

"

"w

1

-

"

"

17

11/

"

"

sugar

acid

sugar
acid
alcohol
sugar
acid
alcohol

sugar
acia
alcohol
sugar
acid
alcohol

39.9
.22

.0
.76
2.21



INITIAL ANALYSIS.

DAWES.

3/22/13 Percent of juice

1

vy w

NONEINOCULATED

4/23/13 Percent of

5/12713 "
¥
INOCULATED
4/23/13 "
5/12/13

"

"

"

"

"

"W

A1

"

"

sugar

aciad

sugar
acid
alecohol
sugar
acid
alocohol

sugar
acid
alcohol
Sugar :
acid
alecohol

.0

2.3
35.22

3.9
.98

37
2.1
2.11

.15
3.2
1.33



FALIX.

INITIAL ANALYSIS.

3/29/13 Percent of juice
" " augar
" 1 ac id

NON-INOCULATED

4/23/13 " " gugar

" " aecid

" " alcohol
5/12/13 " " sugar

" ' saociad

" " alcohol
INOCULATED
4/23/13 " " sugar

" " acid

" " alcohol
5/12/13 " " gugar

" v acid

" " alcohol

39,52
.508
.08

.60
.62
5.16

1.8
3,61

2.6
.926
.29

2.9
.51



WEALTHY.

INITIAL ANALYSIS

3/29/13% Percent of juice 52.5
" " acid .2
" " gugar .508
NON-INOCULATED " "
5/23/13 " " suger .075
" v acid 1.7
" " alcohol 5.16
5/12/13 " " gugar .074
v v acid 3.6
" " alcohol 1.52
INOCULATED.
5/23/13 " " eugsr .83
" ' aocid 1.4
" " @lcohol 1.38
5/12/13 " "  gugar .22
" v gcid 1.4

" " alocohol .4



SMOKE HOUSE.

INITIAL ANALYSIS

3/29/13 Percent of juice
" " gugar
" " aocid
NON=INOCULATED
4/33/13 v "  gugar
" " sacid
" " @alocohol
5/12/1% " "  gugard
" Y aocid

" ' alcokol

INOCULATED
4/23/13 " " gugar

" " gcid

e " alcohol
5/12/1% * " gugar

" " aoid

" " alcohol

33.1
1.74

.0
1.77
4.1

.29
3. 62
1.02

37
2,67
2.33

.36
4.95

«55



ARKANSAS BLACK.

INITIAL ANALYSIS

3/29/13 Percent of juice
" " sugar
" " acid

NON-INOCULATED

4/23/13 w " gugar

" " acid

" " alcohol
5/12/13 " "  gugar

" " acid

" " aleohol
INOCULATED
4/23/13 w " sugar

" " aocid

" ' aleohol
5/12/13 ' v "  sugar
" " acid

" " salsohal

41/8
.65
.1

.6
1.3
4.94

T4
3.8
1.87

.6
2.7
1.09

.07
2.4

.48



RALIBO.

INITIAL ANALYSIS

3/29/13 Percent of guice 25.9
w " sugar 1.62
" " @acid o1

NON-INOCULATED

4/18/13 " " sugsr .0
v v goid 8
" " alcohol 4.82

5/15/13 w "  gugar .29
v " acid 5.0
" " alcohol 1.48

INOCULATED

4/18/1% " "  gugar T4
" Y @acid 1.5
" ' alcohol 3.47T

5/15/13 " "  gugar .29
v " acid 1.4

" ' aleohol 1.07



PARAGON.

INITIAL ANALYSIS

3/29/13 Percent of juice
v ' sugsar
" " ac 1d

NON-INOCULATED

3/18/13 " ¥  pugar

" ¥ acid

" " alcohol
5/15/13 " ™ sugar

v " acid

" " aleohol
INOCULATED
4/18/13 " "  gugar

"v " aocid

" " alcohol
5/15/13 " "™ pugar

" " acid

" ' aleohol

39.2
1.43
2

.27

4.17
.0
.25

5.86

.21
1.0
5.6

.0
5.4
1.27
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CONCLUSIONS.

In our work on this the#is we have drawn the following concluc-
ions:
1. Of the varieties ueed the following ten contained the greatest
amount of juice per unit weight in the order named: Liveland, Weultl.,
Colvert, Buckingham, Northern Spy, Pewaukee, Krauser, Arkansas Black,
Grand Mother and Dawes.
2. In most cases the acetdc fermentations was most rapid in the
inoculated samples; in the inoculated samples the alecohol dreppped
more rapidly than in the noninoculated samples,
Be In seven varieties the alcoholic content increased faster in
the inoculated samples tran in the nominoculated samples; in foursteen
varieties in inocreased faster in the noninoculated ssmples than in tic
iroculate@; 1n two varieties the rates wmsre paralell,; the alcohol was
dn most cases used faster by the acetic fermentation in the inocul-
ated samples than in the noninoculased.
4. The inoculated Northern Spy sample reached the highest alcolol
percentage with the following next in the drder named; Non inoculated
Northern Spy, Inoculated Celestial, Noninoculated Yellow Belleflcower,
Nouinoculated Liveland, inoculated Pewaukee, inoculated Yellow Relle-
flower.
5e The inoculated Parzgon sample reached tke highest acid comtent
percentage: with the following next in the order named; noninoculated
Rambo, inoculated Livedand, inoculated Northernm Spy, inoculated
Smoke House, noninoculated Dawes, noninoculated Arkansas Black, non-

inoculated Wealthy,



6. The initial analyses showed the following vaeieties highest i.
sugar content in the order named: Liveland, Yellow Belleflower,
Albemarle, Grand iother, Smoke House, Rambo, Northern Spy and Coffel:.
7. The following varieties may be recommended for use in jelly
making as determined by the large amomnt of pectins thrown down in i
form of a Jelly by the alcohol in the process of fermentation: Nortiey:
Spy,‘Kraueer,,Rambo. Paragon, Arkansas Black, Wealthy, Dawes, Arobxa,
8. The quality of the vinegar according to taste was highest ix

the Smoke House, first; and the Northern SPy, second.
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