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THESIS

T.F. BAKER and. W.REILEY



COLIPARISON of ALCOHOLIC AND ACETIC

FERMENTANION,





1/48
q- b.cd: i " Cog o

INTRODUCTION.

All-though much work has been done along the line of Chemical

snalys#s of cider and vinegars, this wark has for the most part beer.

limited to a single analysis for the purpose of detecting adulterati:..,

perhaps, or to acertain what varieties of fruit would produce the

highest alcoholic and acetic content. The analyses , thwrefore, lave

not extended over & great length of time in most cases, nor rave tis;

been periodical.

Perhaps in resent years the Bacteriological side of viregar

making has received its share of scientific attention, so this phase,

although touched upon in our work, was not made the major considerat:.

In a Bacteriological way all we attempted to determine was, which

method would in-the long run prove best in the making of cider vinepers,

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 inoculated,

It need not be more than stated that the processes which taxe

place in the formation of vinegar from cider are briefly: first,

the transformation of the sugar in the juice to alcohol through the

agency of yeasts, and secondly, the transformation of the alcohol

in to acid by means of a certain species of Bacterium, There is no

distinct line of demarcation between these changes, but the whole

procedure is gradual and measureahle, To measure the original ammount

of sugar and watch its gradual transformation into alcohol and

finally acetic acid is what we s@t out to accomplish in the selectior:

of this thesis.
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The work at a glance can be seen to cover a broad field and

in starting 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 mach more cider from each variety than we actuiil,

had. Starting out on Marck 15; 1913, with oider from ten pounds of

apples of euch variety, we found that on ilay 12th. after havding

completed three analyses of wach, our supply was so low that we were

unable to continue. In some cases the supply was markedly cut down

by the formation of jellies through the action of the alcohol on the

pectins in the cider.

The apples uesd were all taken from the Gollege Gold Storxraze

Plant durging the first falf of the month of March. They were for tke

most part a little under color, and in thetr selection no attention

was paid to uniformity of size they, being taken, just as they came

from the boxes in storfage. As soon as the initial analysis of euch

variety was made, the cider was placed in the temperature room of the

Bacteriological Building in which a uniform trmparature of 290°C. is

maintained,



OUTLINa OF WORK.

Ten pounds of euch variety were taxes froa the cold stornge

vlant and pressed. as the cider came from the press it was filtered

through several thicknesses of cheese ctoth and weighed, The initial

analyses for sugar and acid were made iumediately before the ciéers

were placed in the temperature room. Sone of the cider was placed iii

previously sterilized pint bottles with cotton stoppers 2.4 s91<a

dJastecilizei bitties. Ghe cider in the sterilized bottles was ster-

llized in a steam sterilizer on three successive days for one half

houf at a time. In the mean while the non steritized cider was placed

in cold storage at a temperature of 31°~25°R, to prevent fermentaticc.

As soon as the necessary sterilizing was completed, the steril:

varieties were inoculated with one cubic certimeter of a pure culture

of Champsaigne yeast and about one half of a square inch of a mother

of vinegar culture (Bacterium aceti). The cider in the nén sterilizec

bottle was not inoculated. All of the cider, inoculated and not

inoculated, was then placed in the temperature roon.

Three analyses 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 i

made with normal tehth sodium hydroxide (N/10 NaoH}. In all acia

calculations the molecular weight of acetic acid was used..

In analyzingfor sugar the centegrade temperature was tuken,

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 eaéh battle and placed in a two hundred

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



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 naxt step was the inversion of 50 6.C of the filtrate.

This was acomplished bg placeing the 50 C.C. in a beaker and adding

a few grams of sdédium carbonate to precipitate the lead. The precip-

itate was filtered aff and the filtrate placed in 100 C.C. flasks.

It was the,diluted up to about 90 C.C., 5 C.C. of consentrated Hydro-

Chloric acid added, and placed in a water bath at.a temperature of

70°C. for ten minutes. After being removed fro:: the bath, the flask

was cooled down to room temperaturg, filled up to the 190 C.C. mark

and the invert reading of the solution made on the FPolariscépe. The

percentage of sugar was then computed by the following formula:

_100( firstreading - invert reading®

14266--- (Temperature at which readings were made)
2 |

S=
 

 

in whieh S & @ 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 ther

placed in the still and about 95 C.C. distilled over. This was dil-

uted up to 100 C.G., cooled, and the specific gravity taken by mears

of the pycnometer. By consulting a table the amount of alcohol in

such a sample af any specific gravity was found. By dividging the

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



gravity of the original sample we found the prercentage of alcohol i:

the original sample.



YELLOY BELLEFLOYER

INITIAL ANALYSIS

3/18/13 Percent of juice

" " sugar

WW WwW ac id

NON-INOCULATED

4/11/13 " " gugar

" " acid

" ” alcohol

4/39/13 " " sugar

" " acid

" “ alcohol

INOCULATED

4/11/13 " " sugar

" “ acid

" “ alcohol

4/30/13 " " gugar
i acid

" w alcohol

35.6

2.18

2

0

6

7.96

0

1.0

7-53

014

7.46

9

2.0

6.47



BUCKINGHAM.

INITIAL ANALYSIS

3/18/13 Percent of juice

“ “ sugar

" “ acid

NON-INOCULATED

4/11/13 " w sugar

“ " acid

" " alcohol

4/30/13 " " gugar

" " acid

“ " alcohol

INOCULATED

4/11/13 " " gugar

" “ aoid

" " alcohol

4/30/13 " "sugar
" “ acid

" " alcohol

INOCULATED WITH YEAST ONLY.

4/11/13 Percent of sugar

“ " acid

" " alcohol

4/30/13 "  gugar

" “ acid

" " alcohol

46.2

88

0015

03

2.48

0

2.8

6.33

.0

05

6. 83

20

304

6.1

0

oy)

6.74

a)

3.0

2-17



INITIAL ANALYSIS

3/18/13

NON-INOCULATED

4/11/13

4/30/13

INOCULATED

4/11/13

4/30/13

COLVERT.

WW

vf

vf

"WN

vf

WR

Ww

9

9

vf

9

9

#

INOCULATED WITH YEAST ONLY

4/11/13

4/30/13

Percent

Ww

A

vf

F

v9

We

*

Ww

ve

1)

Ww

1"

ve

of

vw

vw

"

Percent of juice

sugar

acid

sugar

acid

alcohol

sugar

acid

alcohol

sugar

acid

alcohol

sugar

acid

alcohol

sugar

acid

alcohol

suger

acid

alcohol

49.3

58

41

0

8

6.28

0

3.1

7.21

14

2.28

59

3.1

2.87

9

r04

1-3

0

no test.

5.21



GANO.

ENITIAL ANALYSIS

3/18/13 Pergen$ of juice

™ “ sugar

" " acid

NON~INOCULATED

4/11/13 | " " gugar

" " acid

" "alcohol

4/30/13 " 7  gugar

" " acid

" " alcohol

INOCULATED

4/11/13 " " sugar

" " acid

" " alcohol

4/30/13 " " sugar

" " acid

" “ alcohol

36.8

©79

3

222

04

5.06

22

1.8

5.9

1.49

1.4

2.42

» 22

2.8

24.6



INITIAL ANALYSIS

3/18/13

NON-INICULATED

4/11/13

4/30/13

INOCULATED

4/11/13

4/30/13

PEWAUKEE.

Percent of juice

¥

W

sD

wf

vf

Ww

W

"¢

te

vf

ve

AA

vf

9

sh

WW

|

sugar

acid

sugar

acid

alcohol

sugar

acid

alcohol

sugar

acid

alcohol

sugar

acid

algohol

6.99

.0

1.1

7.52



NORTHERN SPY.

INITIAL aNALYSIS

3/18/13 Percent of juice

J” “ sugar

" " acid

NON~INOCULATED

4/11/13 " " sugar

" " acid

" “ alcohol

4/30/13 " " pugar
" " acid

" " alcohol

INOCULATED

4/11/13 " " gugar

" " acid

" " akédhol

4/30/13 " " gugar
hd V8 ac 44

" " alcohol

INOCULATED WITH YEAST ONLY.

4/11/13 Percentof sugar

" " acid

" " alcohol

4/39/13 "  "  gugar

" “ acid

" " alcohol

45.9

1.59

9

°5

§.37

20

1.0

1-53

09

6.77

.0

4.78

8.5

0

1.1

7.18



ALBERMARLE.

INITIAL ANALYSIS

3/18/13 Percent of juice

" “ sugar

“ “ acid

NON~INOCULATED

4/16/13 " " sugar

" " acid

" “ alcohol

5/2/13 " " sugar

"B ™ acid

" " alcohol

INOCULABED
4/16/13 " " gugar

" “ acid

" “ alsohol

5/8/13 " " sugar

" " acid

" “ alcohol

4.71

037

1.8

6.23

00

4.88

0974

1.0

6.62



KRAUSER.

INITI€L ANALYSIS

3/18/13 Percent of juice

ev ¢ suxzar

vw? TF ac 1a

NON-INOCULATED

4/16/13 " " sugar

" "yn acid

" " alcohol

5/2/13 " " sugar

" " acid

" " alcohol

INOCULATED

4/16/13 w spgar

" " acid

" “" alcohol

5/2/13 " " sugar

" " acié

" “ alvohol

41.8

88

259

1.90

2.65

015

1.3

5-99

015

oJ

» 2.08

29

1.3

5-26



ROUND BORSDORFF

INITIAL ANALYSIS

3/18/13 Percent of juice

" “ sugar

" " acid

NON-INOCULATED

4/16/13 " “ sugar

" w acid

" " alcohol

5/2/13 " " gugar

" ~“ acid

" "alcohol

INOCULATED

4/16/13 " " sugar

" “ acid

" “  alvohol

5/2/13 " " gugar

"  ™ acid

“ w alcdahol

19.4

1.1

02

1.2

4.8

56

3.0

7.82

22

1.6

3.72

22

3-1

4.57



CELESTIAL.

INITIAL ANALYSIS

#/18/13 Percent of juice

w " sugar

" “ acid

NON-INOCULATED

4/16/13 w sugar

" “ acid

" " alcohol

5/2/13 " w sugar

" “ acid

" " alcohol

INOCULATED |

4/16/13 " " sugar

" " acid

" “ alcohol

5/2/13 " "  gugar

" “ acid

" " alcohol

25.29

1.91

02

0

1.2

4.88

0

2.0

5.28

0

1.0

4.74

0

1.8

$.05



COFFELT.

INITIAL AWALYSIS

3/18/13 Percent of juice

" “ sugar

Ww WwW ac id

NON-INOCULATED

4/16/13 " " gugar

" “ acid

" " alcohol

5/2/13 " " sugar

" “ acid

" " alcohol

INOCULATED

4/16/13 “ gugar

" " acid

" " alcohol

5/2/13 " " sugar

" “ acid

" " alelhol

25.0

1.59

03

52

06

5017

14

1.6

6.41

eel

6

5.51

0974 |

7.86



INITIAL ANALYSIS

LADY.

3/22/13 Percent of juice.....ccccccceseveee Doe

ve

NON-INOCULATED

4/18/13. Percent

5/18/13

INOCULATED

4/18/13

5/15/13

Ww

A

WV

9

=q

tf

" BURL. cccccccccccccccece

" BOLD. oc crcccccccevvscecscce

of BUBATecccccvcccccsecsvccecs

w ACL... ccccvcceccvecee eeoeeese

" AlCOHOL. conv ccvcccvsescecece

W BURAec ccccvcsccccvcocece.

" BCLA cccccvvecccccccvcces

" BlCOHOlL. .cccccccccccccccs

BUBAL. cove cccccecccccccce

" BCLA. . cecccccvecccccseccee

" QlCOHOL.,...ccccvccccccoes

" BUZEL ec ccccccccccccccsvee

" BCLA. ccccccrccccccrcone

" GlCOHOL..ccovcccvervvcvecce

98

02

37

7,

2.5

-44

201

1.6

1.18

1.91

2.43

14

1.3

1.11



INITIAL ANALYSIS

LIVELAND.

3/22/13 Percent Of juice..ccccccccceee S5el

NON-INOCULATED

4/18/13 Percent

5/15/13

INOCULATED

4/18/13

5/15/13

wT

W

?

ve

?

of

Ww

8

Ww

Ww

"

ve

ve

i

v0

BUBET.-cccccccercece

BCAcoc cccccccvcces

BUZET cc ccccccccsccee

BCL. ccc cccccvccce

AlCOHOL... ccc cvee

BURET cc ccccccccccee

GOLA. wcccccrccscces

Alcohl...ccccccsces

BUZET. ccccccccccccs

ACT aw ecccccccccces

Alcoohdl....csc.scee

BUZAL. .ccccccvcccce

ACLA. .. cc cree ccccce

Alcohol... cccccvecee

2.47

3

0

»)

7.52

0

253

4.95

044

8

6.62

0

5.9

1.12



INITIAL aXALYSIS

3/22/13

GRAND MOTHER.

Percent of JULCO. . ccc cccvcceccocs 41.2

7

NON-INOCULATED

4/18/13

5/15/13

INOCULATED

4/18/13

5/15/13

Percent

Ww

vf

Ww

WwW

ef

ff

wf

We

wv

vf

vf

vf

vf

vf

9

W

SULELTwccccvccccscccves

BCLd. .cccccvcccccccce

BUBAL. . ccc ccc ccccces

ACTA. cer ccccccsevves

BlCOHOL.. wesccccvvece

BULELec ccccccccccece

BCL. - cc cccccccccecs

@lCOHOL. .ccccccccves

BUZEL. cc ccccccvccces

BOLD. cece rccccsccces

GlCOHOL... .cccccvcee

BUZET.. cc ccccvccccce

QCA. . cecccvcvcvcees

ABlLGCOHOL.. -cccccccces

1.94

3

29

9

6.95

0

1.6

2°44



INITIAL ANALYSIS

3/22/13 Percent

wo
2

Lai

NON-INOCULATED

3/18/13

5/15/13

INOCULATED

3/18/13

5/15/13

Percent

ee

We

Ww

W

?

wf

wv

Ww

NO WAME.

of JUICO... 0.00 soevvece 21.2

fe

ww

Af

ve

¥9

WW

Ww

vf

wT

wf

w

BUZEL. co ccccccccces 97

ACL. cccccccsccvecces o4

BURELscccrccccccces ° 59

BCA. .cerccccccreces 06

ALCOHOL... cceccccsee Te2h

BUZALTw. ccccrcccscsccces e015

GCL. ccccccccccceve Fee

@lLCOHOL. wc occcccecce 2.26

BUZAL.. cer cccrvee 29

ACIA.. cc cccccccece 1.0

BlCOHOL. cc cccccsvese A695

BUZAT. coccscccccscce 022

ACLdccccccccescece 465

alcohol ....ceeceee-e 1.64



INITIAL ANALYSIS

3/22/13 Percent

¥¢

iA

NON-INOCULATED

4/23/13

/12/13

LWUGCin oo

4/23/13

5/12/13

vf

ty

Ww

99

v?

vf

ve

vf

AROBKA.

of juice.

WwW

Ww

Percent "

vf

us

Vf

ie

?

Ww

?

v?

8

sugar

acid

sugar

acid

alcohol

sugar

acid

alcohol

sugar

acid

alcohol

sugar

acid

alcohol

39.9

~22



INITIAL ANaLYSIs.

DAWES.

3/22/13 Percent of juice

vv

ve Ww

NON=INOCULATED

4/23/13 Percent of

5/12713 au

¥

INOCULATED

4/23/13 "

5/12/13
"

w

v¥

vf

wv

Af

ve

Ww

we

9

vw"

Ww

wv

Ww

sugar

acid

sugar

acid

alcohol

sugar

acid

alcohol

sugar

acid

alcohol

sugar >

acid

alcohol

0

2.3

3.22

0

3.9

298

37

2.1

2.11

£15

3.2

1.33



FALIX.

INITIAL ANALYSIS.

3/29/13 Percent of juice

wv ? sugar

¢ ih ac id

NON-INOCULATED

4/23/13 " gugar

" " acid

" " alcohol

5/12/13 " " sugar

" " acid

" " alcohol

INOCULATED

4/23/13 " " sugar
" " acid

" " alcohol

5/12/13 " " sugar

" " acid

" " alcohol

39.52

~508

208

- 60

62

5.16

1.8

3.61

2.6

«926

629

2.9

251



WEALTHY.

INITIAL ANALYSIS

3/29/13 Percent of juice

" “ acid

" w sugar

NON-INOCULATuD " "

5/23/13 "  "  gugar
" " acid

" " alcohol

5/12/13 " " gugar

" " acid

| " " alcohol

INOCULATED.

5/23/13 " " gugar

" w acid

" “" alcohol

5/12/13 " " sugar

" “ acid

" “ alcohol

52.5

22

~508

0975

1.38

.22

1.4



SMOKE HOUSE.

INITIAL ANALYSIS

3/29/13 Percent of juice

" "  gugar

" " acid

NON~INOCULATED

4/83/13 " " sugar
" " acid

" " alcohol

5/12/13 " " gugarsé

" “ aoid

" " alcogol

INOCULATED

4/23/13 " " gugar

“ "acid

" ”" alcohol

5/12/13 "ow sugar

" “ acid

" * alcohol

5501

1.74

x)

1.77

4.1

29

3.62

1.02

737

2.67

2.53

36

4.95



ARKANSAS BLACK,

INITIA, ANALYSIS

3/29/13 Percent of juice

" “ sugar

" w acid

NON-INOCULATED

4/23/13 " sugar

" “ acid

" " alcohol

5/12/13 " “ sugar

" " acid

" " alvohol

INOCULATED

4/23/13 " "sugar
" " aoid

" ” alcohol

5/12/13 ) " " sugar

" ”" acid

" w alsohal

41/8

65

ol

06

1.3

4.94

°714

3.8

1.87

6

2.7

1.09

07

2.4

48



RAMBO.

INITIAL AWALYSIS

4/29/13 Percent of guice

Ww

NON-INOCULATED

4/18/13

5/15/13

INOCULATED

4/18/13

5/15/13

vf

F

Ww

A

wv

vf

Ww

wf

sh

A

Ww

WW

9”

"

we

vw

W

wv

9

sD

7?

Ww

sugar

acid

sugar

acid

alcohol

sugar

acid

alcohol

sugar

acid

alcohol

sugar

acid

alcohol

25.9

1.62

od

0

08

4.82

29

5.0

1.48

1.5

547

229

1.4

1.07



PARAGON.

INITIAL ANALYSIS

3/29/13 Percent of juice

" “ sugar

uv vWF ac jd

NON-INOCULATED

4/18/13 " " sugar

" " acid

" “ alcohol

5/15/13 " " sugar

" “" acid

" " alcohol

INOCULATED

4/18/13 " "  gugar

"vy ™“ aoid

" “" alcohol

5/15/13 " " gugar

" “" acid

" “ alcohol

39.2

1. 43

02

27

4.17

0)

25

5.86

21

1.0

5.6

29

564

1.27
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CONCLUSIONS.

In our work on this theg’is we have drawn the following conclu: -

ions:

l. Of the varieties ueed the following ten contained the greatest

amount of juice pwr unit weight in the order named: Liveland, Weulttr.’,

Colvert, Buckingham, Northern Spy, Pewaukee, Krauser, Arkansas Slack,

Grand Mother and Dawes.

26 In most cases the acetéc fermentations was most rapid in the ©

inoculated samples; in the inoculated samples the alcohol drepped

more rapidly than in the noninoculated samples,

3 In seven varieties the alcoholic content increased faster in

the inoculated samples than in the noninoculated samples; in fourteen

varieties in increased faster in the noninoculated samples than in t:.2

inoculate@; in two varieties the rates were paralells; the aa&cohol was

tn most cases used faster by the acetic fermentation in the inocul-

ated samples than in the noninoculaéed.

4. The inoculated Northern Spy sample reached the highest alcohol

percentage with the following next in the drder named; Non inoculated

Northern Spy, Inoculated Celestial, Noninoculated Yellow Belleflower,

Nouinoculated Liveland, inoculated Pewaukee, inoculated Yellow Belle-

flower.

De The inoculated Par:gon eample reached the highest acid content

percentage* with the following next in the order named; noninoculated

Rambo, inoculated Livehand, inoculated Northern Spy, inoculated

smoke House, noninoculated Dawes, noninoculated arkansas Black, non-

inoculated Wealthy,



6. The initial analyses showed the following vaeieties highest iu

sugar content: in the order named: Liveland, Yellow Belleflower,

Albemarle, Grand ilofther, Smoke House, Rambo, Northern Spy and Coffe:~.

7. .. The following varieties may be recommended for use in jelly

making as determined by the large amount of pectins thrown down in 17...

form of a jelly by the alcohol in the process of fermentation: Northe::

Spy, Krauser, ,Rambo, Paragon, Arkansas Black, Wealthy, Dawes, Arobzxe,

8. The quality of the vinegar according to taste was highest in

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