
AT ABSTRACT OF THE ThESIS OF 

oj& SLoAn iejttì.. --------- fo r t he - __- in Ht.- Fad.aQth 
(.ame) (Deree) (ajor) 

Date ihesis presented__aj_.--1&-- 

: it le - - -- atlyQ Act loji, pf Iosic ßJJ.s 

Fruit Juices 

------------- Redacted fôrvay 
Ahatract pproved_s ---.--'- 

(Major Professor) 

In an effort to develop a method of pre- 
serving fruit juices which would not change the 
color and taste of the fresh Juice, th1 invest- 
igation with ionic silver was undertaken. brief 
review of the literature on metallic aterilizaion 
is included, The author found that the kinds and 
numbers of organisms present, the active acidity 
of the juice, the clarity of the juice, and the 
temperature of storage are the import3nt factors 
in preservation with ionic silver. 

Pear and apple juices may be preserved 
lNith 1,000 to 2,000 gammas of silver per liter. 
Loganberry juice, because of its low pli, cannot be 
preserved readily with silver. It was found that 
the yeast cell is inhibited from growing when first 
subjected to silver ions, but that finally it is 
actually killed. Silver salts in solution are as 
effective as the silver produced by the electro- 
Katadyn method and does not affect the color of the 
juicea3doo3theKatadyn silver. With all forms 
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5 

TEE PRESERVATIVE ACTION OF IONIC SILVER 

ON FRUIT JUICES 

INTRO DU CTIO N 

In the common practice of 3terilizing fruit juice3 

with heat, an abnormal flavor resembling a cooked or 3light- 

l3 8corched flavor often is detected in the product. Also, 

the color of the natural fruit juice often i altered when 

the juice is subjected to the treatment with heat. These al- 

terations of flavor and color undoubtedly lower the saleabil- 

it3T of the juice. If some method of sterilization of fruit 

juices could be found by which the original color, aroma, and 

taste of the natural fresh juice could be maintained, a pro- 

duct could be produced which would have an enormous sales 

appeal, and a large amount of the surplus fruit which, at the 

present time, has no market could be utilized in the form of 

juices for beverage purposes. With this view in mind, the 

following inve$tigations were undertaken. 

REVIEV OF THE LITERATURE 

A review of the scientific literature has shown that 

a mass of fundamental research on metallic germicides has been 

accumulating for the past forty years. 

Discovery of Metallic Sterilization. In 1893, a bot- 

anist by the name of Naegeli found that inconceivably small 

quantities of copper will hinder the growth in fresh water of 



the filamentou8 alga Spirogyra, a common inhabitant of fresh 

water known also as pond scum. Naegl5. satisfied himself that 

the water became toxic to Spirogyra if a copper plate were 

merely immersed in it and then removed. Present day copper 

sulphate treatment of natural waters may date from this e- 

periment. Effective quantities were so small that they could 

not be determined by the analytical methods available at the 

time of the discovery. To this phenomenon of minute quanti- 

ties of substances has been given the term "oligodynamic" 

effect, which is derived from the Greek word meaning force 

of triflea or traces. Later work based on this phenomenon 

has explained the reaction considerably. 

Solubility of Silver. Freundlich and Sllner (6) re- 

port that a silver plate when suspended in distilled water 

for several days goes into solution. As much as 2 x io 

grams of silver per liter is dissolved from a piece of sil- 

ver 40 sq. cm. in size suspended in 100 c.c. of water for 

twenty-one days. Algae take up silver from auch water and 

display an oligodynamic injury. Proof that the algae absorb- 

ed silver was made by a chemical analysis of the algae which 

indicated that one gram of dry algae so treated contained 

x 10_l grams of silver. 

Wernicke, et al (41) also found that when strips of 

metallic silver were placed in water, enough silver was dis- 

solved to give the water an oligodynamic property. They re- 

port that when the water and strip of metallic silver are 
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kept in an atmosphere of hydrogen, no silver la dissolved, 

but when In an atmosphere of carbon dioxide, the water quick- 

ly acquires oligodyTlamic activity. Markvoort and Wieringa 

(22) found the same thing to be true. Under these condit- 

ions, it is possible that the silver changes to the oxide 

which is slightly soluble. 

Krepelka and Toul (16) state that the maximum amount 

of silver which may be dissolved by water at 200 C. is 0.036 

mg. per liter in twenty-one days. They also believe that 

the silver dissolves in the form of silver oxide, arid they 

found that the solubility is slightly higher in glass ves- 

sels than in silver, probably due to the alkalies dissolved 

from the glass which aid in the solution of the silver. 

Because of the time involved, this method of pro- 

ducing sliver In solution would not lend itself readily to 

the commercial preservation of waters and beverages. 

Development of Silvered Sands. Accordingly, a form 

of silver was developed by Prof. G. A. Krause, as reported 

by Salmony-Karsten (31), which will produce an oligodynamic 

effect quite rapidly. In this process, silver is blown on 

suItable carriers, with the addition of gold and palladium 

as catalysts, forming a fine coating of non-colloidal micro- 

crystalline to sub-microscopic form which has a bactericid- 

al action due to the giving up of sIlver to the solution. 

Water of low bacterial count may be sterilized in one minute 

to one hour, a higher count necessitating a longer exposure, 



roi 

i. e., 21,000,000 bacteria per c.c. requiring forty-eight 

hours exposure to silvered sand. 

This silver of Krause's is blown on sand, porcelain 

rings, or any other suitable medium which affords a large 

amount of surface for the silver. Silvered porcelain rings 

will give to water a silver concentration of 0.03 p.p.m. in 

one hour, 0.07 p.p.ni. in two hours, 0.15 p.p.m. in three 

hours, and 0.5 p.p.m. in four hours according to the work of 

Gibbard (7). 

Now the question arises as to what form this silver 

in solution takes. Is it metallic or is it ionic? To what 

is its toxicity due? 

Toxicity B.! .2. 
Ions. Wernicke and Modern (42) , Egg 

and Jung (3), van Acker (39), Freundlich and Sllner (6), 

Hocs (9), Hoffman (li), Markvoort and Wieringa (22), and 

Leitner (19) state that the oligodynamic action of metals is 

due to and identical with that of metallic ions. Mathews 

(24) reports that some metals, silver included, are more act- 

ive in the ionic than in the molecular state, These ions 

seem to hold their charges less firmly than others and hence 

are good oxidizers. 

Vaindrach (38) reports that oligodynamy is regarded 

as a catalytic oxidative action caused by traces of metal 

adsorbed by the living organism. 

Egg and Jung (3), after stating that the active prin- 

ciple in oligodynamy is the silver ion, point out that sligh- 



tly dissociated silver salte, such as silver sulfide, have 

no sterilizing action. Colloidal solutions of silver and 

solutions containing complex silver ions may show oligodyn- 

amy, but this phenomenon i due to the liberation of silver 

ions through secondary reactions. 

As early as 1897, Krnig and Paul (17) realized that 

the metallic ion possessed a germicidal activity and they 

reported that this activity in general was proportional to 

the degree of dissociation of the metallic compounds. 

Haber (10) believes that penetrability of the ion 

into the cell is more important than dissociation. He found 

that mercuric nitrate had less toxic effect on anthrax spores 

thRri the halides though it was much more highly dissociated. 

This he associated with the fact that the nitrate is less 

soluble in lipoids than the halides. Schuinaker (35) brings 

out the same fact in his studies of disinfection by dyes. 

The acid dyes are usually water soluble and innocuous, the 

basic dyes are lipoid soluble and toxic. These lipoid sol- 

uble substances combine with the karyoproteids of the nuclei 

of organisms. These karyoproteida contain lipoids. Could 

lt not be possible that the silver ion might have a similar 

property of combining with the karyoproteids? 

Critical Concentrations. Myers and Mauer (26) test- 

ed five forms of silver solutions in water sterilization. 

They tested solutions made from fused silver chloride, sil- 

ver nitrate, colloidal silver produced by passing an arc be- 
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tween two 5llver electrodes iminer3ed in di8tllled water, sil- 

ver acetate, and electro-Katadyn 3ilver water prepared by 

passing a small electric current of a few mull-amperes be- 

tween two specially prepared Katadyn electrodes (Krauses 

silver metal). Their results obtained from these five types 

of silver solutions indicated that a concentration of from 

0.10 p.p.m. to 0.15 p.p.m. of silver ions, irrespective of 

their source, was sufficient to destroy Eacherichia coli, 

when present to the extent of 250,000 per C.C. within a per- 

iod of two and a half hours. Staphyococcus aureus appear- 

ed to be only slightly more resistant to the action of the 

silver ion than Escherichia coli. The waters used for their 
experiments were sterilized river water having a slightly 
alkaline reaction and the same river water adjusted to the 

neutral point by the addition of ten parts per million of 

calcium carbonate. 

Martinez (23) set up experiments using Bacillus t7- 

.P:! Escherichla coli, Bacillus dysenteriao, ?neumococcus, 

Streptococcus, and Staphylococcus In concentrations of 

1,000,000 per c.c. and subjected these water solutions to 

silver sand. Two hours (0.07 p.p.rn. of silver) were neces- 

sary to kill typhoid, disentary, coli, pneumococci, and 

streptococci organisms, while three hours (0.15 p.p.ìn. of 

silver) were necessary for Staphylococcus. 

Salmony-Karsten (32), (33) were able to kill Bac- 

illus tuberculosis in forty-eight hours contact with act- 
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ivated silver (3and, etc.) when the organi3ms were present 

in concentrations of 20,000 per c.c. 

A concentration of 0.04 mi11i-grarn of silver per 

liter sterilized cultures of Escherichia coli in twenty-four 

hours, and a marked effect was noted by Egg and Jung (3) with 

concentrations as low as 0.001 mull-grams per liter. 

A "standard silver water" containing 480 gaminas of 

silver per liter (0.048 p.p.m.) will kill 5,000 colon bachi 

in two hours at 37° C. according to Eichbaum (4). 

Viesohn (40) and Molseev (25) report that the so- 

called water bacteria are lesa susceptible than Eacherichia 

coli and that pathogens are more susceptible to silver ions. 

Recent work by Just and Szniolis (13) indicate that 

in waters of slight contamination a silver concentration of 

100 gammas per liter will sterilize the water in three to 

five hours. In open containers, 200 gammas per liter are 

necessary and a replacement of sixty to seventy gammas per 

liter daily is necessary to replace that which may be plated 

out on the container. Freundlich and Sllner (6) state that 

these silver ions adsorbed to the walls of the container may 

be given up again to the micro-flora and micro-fauna, hence 

a daily replacement is not absolutely necessary. 

For culture yeast, 0.025 mull-grams of silver per 

liter were required for sterilization, compared with 0.1 

milli-grams for wild yeast and 0.4 to 0.5 milli-grams for 

Sarcina, according to Lers (21). 
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The above referencea indicate that micro-flora an 

micro-rauna in solution may be killed by the addition of mm- 

ute quantities of silver. They al3o 3how that the effect Is 

due to the positively charged silver Ion. But just what act- 

ually takes place in solution? what effect does the Ion have 

on the organism? I the organism actually killed or i it 

merely Inactivated in some way similar to the action of 

freezing temperatures on organisms? The following references 

indicate that there Is a difference of opinion on these ques- 

tions amongst the various workers in this field. 

Characteristics of Germicidal Action. Traube (37) 

reports that metal ions are classed amongst those disinfect- 

ants which produce irreversible coagulations or denaturation 

and hence kills the organisms outright. 

According to Schumaker (34), the ions of heavy met- 

als penetrate the cell nuclei and form salts with the nucleic 

acids of the bacterial nuclei, producing death of the cell. 

Leitner (18), and Liese and 1ende1 (20) are inclined 

to believe in the Inhibition of growth theory. Liese and 

Mendel (20) report that the silver ion from a silver nitrate 

solution of definite concentration is primarily adsorbed to 

the cell surface, leading to an inhibition of growth without 

necessarily killing the cells. This latter occurs only when 

the silver is demnonstratable within the cell by the leuco- 

methylene blue method of Schuinaker (36). 

Leitner (18) noted that electrolytes hinder this bac- 
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tericidal effect of copper and $llver salt3. Ho report3 that 

this Inhibition is of neither a chemical nor a phy3ico-chem-- 

bal origin due to any action exerted by these added elec-. 

trolyte3 Ofl the metal ions. The electrolyte doe3 not alter 

the concentration of these metal ions in aolution, but the 

inhibition eerns to be as3ociated with a hindrance of the ad- 

3orption of the metal iona by the bacteria. Since the ad- 

sorption of electro-positivo ions on bacteria would be great- 

er where the bacteria carry a greater negative charge, then 

this inhibition of the germicidal effect of copper and sil- 

ver salte by the addition of electrolytes is the result of a 

lowering of the negative charge on the bacteria. On this ba- 

sis, increased alkalinity should increase the negative charge 

on the bacteria and hence increase the bactericidal effect of 

copper and silver, a fact easily verified experimentally. 

Now that we have some idea regarding what happens to 

the bacterial cell when subjected to silver ions, what effect 

would these same silver Ions have on the human body if con- 

surned with the food and drink? 

Ionic Silver and Higher Organisms. Just and Szniolis 

(13) report that higher organisms, auch as fish and crustace- 

ans, e.g., Daphnia magna, suffer visibly in a short time when 

living in water carrying a concentration of fifty gaminas of 

silver per liter. But rats red with water containing from 

400 to 1000 gaimnas of silver per liter did not show any in- 

hibited development. 
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Neergaard (27) , (2e) and (29) , in hi3 studie3 of in- 

travenous silver therapy, 3tates that inorganic ions other 

than the chlorine ions found normally in phy3iological o1- 

ution have no material effect upon the concentration of 

silver iona which can be reached in the body. The highe3t 

pos3ible concentration of silver ions is about 0.0001 muli- 

grams per liter. When dissociated silver is added, the sil- 

ver ion concentration in the blood increases far more slowly 

than in an isionic electrolyte solution, and it requires a 

some five-hundred fold amount to attain the maximum concen- 

tration, so that an amount of about 750 milli-grams per liter 

is necessary to attain this end. The component of blood 

which osuses it to differ so greatly from a pure electrolyte 

solution is the albumin. The formation of compounds with 

chlorine and with albumin occur simultaneously, and there is 

an equalibriuxn between the two reactions. It is these re- 

actions which inhibit the formation of silver ions in the 

human body. 

According to Neiser and Eicbaum (0), a human being 

would consume only fifty mull-grams of silver during the 

course or a year if all his drinking water were sterilized 

wIth silver (0.015 g.! cu.in.). This quantity is far below 

the dosages which have frequently been used in intravenous 

silver treatment for therapeutic purposes. They state that 

some authors have administered as much as four and one-half 

grams of silver without harmful consequences. Another author 
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reports that fifteen to thirty grams of silver are necessary 

for producing argyria. Furthermore, the use of silver table 

ware and drinking ware for centuries, and the replacement of 

pieces of bone with silver platea without injury to health 

refutes any contention that there is any danger by auch small 

quantities of silver that are contained in oligodynamically 

sterilized drinking water and beverages. 

(!1'ThTTPT' 

There are three general methods of producing silver 

ions in solution; the static-Katadyn method of using silver- 

ed sand, porcelain rings, etc., the electro-Katadyn method 

of using two Katadyn silver electrodes and a small electric 

current, and the method of deriving the ions from some sil- 

ver salt in solution. According to Krause (14), Gutschmidt 

(8), and Viesohn (40), the electro-Katadyn method is far 

superior to the static-Katadyn method. Therefore, in the 

following Investigations, the electro-Katadyn method and the 

salt solution method were used in producing silver ions in 

solution. 

Samples of the various fruit juices studied, clari- 

fled and unclarif led, of known yeast count, were given dif- 

ferent concentrations of silver by the two methods mentioned 

above. Some of these treated samples were incubated and some 

were left at room temperature. All were held in glass con- 

tainers. Signs of fermentation, mold growth, taste changes, 
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and color changes were noted. 

Soluble solids determinations were made with a Zeis 

Refractometer at 20° C. 

Sugar and acid determinations were made according to 

the Official Methods of the A.O.A.C., (1). 

The hydrogen ion concentration was determined with a 

Leeds and Northrup quinhydrone electrode. 

Silver determinations were made according to the 

author's modification of the method used by Jendrassik and 

Papp (12) in wine analysis. 

The apple juice was clarified by filtering in a yac- 

uuxn filter with the aid 

from the California and 

San Francisco, Californ 

were clarified with the 

preparation produced by 

Pennsylvania. This was 

grams per gallon. 

Vhere the count 

of 1% of Hy-Flo Super-Cel obtained 

Hawaiian Sugar Refining Corporation, 

ta. The pear and loganberry juices 

use of Pectinol "W", an enzymatic 

Rghm and Haas Company, Philadelphia, 

used at the rate of four and one-half 

was large, micro-biological counts 

were made by the direct microscopic count method with the use 

of a Howard counting chamber. Where the count was small, the 

determinations were made by the dilution and plating-out meth- 

od as employed in milk and water analyses. 

The Saccharomyces ellipsoidaus culture used was ob- 

tained from the Bacteriology Department of O. S. A. C. 
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IINVESTIGATIONS 

Apple Juice. Ten of eleven samples of 250 c.c. vol- 

unie of freshly pressed, unclarified. apple juice testing 

14.0% soluble solids, with a pH of 4.0, and a yeast count of 

less than 100,000 per c.c., were treated in 300 c.c. Erlen- 

meyer flasks with the electro-Katadyn activator for various 

lengths of time using two mull-amperes of current. The 

eleventh sample was untreated and was kept for a check. The 

resulting silver concentrations were calculated from the fol- 

lowing formula: 

milli-amps. x gammas / 
Conc. Ag. (gaminas / liter) milli-amp.-hr. 

flow (liters / hr.) 

The flow in liters per hour is found by multiplying 

the cubic centimeters treated by 0.06 and dividing this by the 

time of treatment. For example, 250 c.c. treated for three 

minutes would equal 250 x 0.06/3 or 5 liters per hour. 

The number of gammas of silver released per mliii- 

ampere-hour depends upon the current efficiency of the par- 

ticular juice. From Faraday's Law (2), we find that one 

mull-ampere-hour of current would theoretically release 

4.025 mull-grams of silver from the electrodes if the current 

efficiency of the system were 100%. But in the case of this 

apple juice, the current efficiency was found to be only 15%, 

hence, only 0.604 mull-grams (604 gammas) of silver were re- 

leased by one milli-ampere-hour. Therefore, Imowing the vol- 



urne treated, the time and amperage of the treatment, and the 

current efficiency of the system, the resulting silver con- 

centrations may be calculated quite readily. For this ex- 

periment, they were as follows: 

TABLE 

Activation Degree of Unclarified 
Apple Juice No. i 

(100,000 yeast per c.c.) 

Time at 2.0 m. a. Silver Content 
(in min.) (gammas / liter) 

o o 
2 161.0 
4 322.1 
6 483.2 
8 644.2 

10 805.0 
20 1610.0 
25 2013.0 
30 2416.0 
35 2815.0 
40 3221.0 

These samples were plugged with cotton after treat- 

ment, placed in the incubator at 83° to 860 F., and examined 

periodically for yeast and mold growth. 

The untreated sample was found to be fermenting after 

one day of incubation, while none of the treated samples fer- 

mented even in thirty-three days of incubation. 

Mold growth developed in the untreated sample in four 

days, and in the treated samples in inverse proportion to the 

silver content of the samples as shown by the following 
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table: 

TABLE 2 

Mold in Treated Apple Juice No. i 

(100,000 yeast per c.c.) 

Silver Content 
(gammas / liter) 

o 
161.0 
322 1 
483.2 
644.2 
805.0 

1610 O 
2013 O 
2416.0 
2815.0 
3221.0 

Time of Appearance 
(in days) 

4 
5 
5 
9 

9 

13 
17 
27 

None in 33 
None in 33 

3$ 

Another set of seven 250 c.c. samples of the same 

juice but with a yeast count of 150,000 per c.c. was given 

varying amounts of silver with the electro-Katadyn activat- 

or according to this schedule: 

TABLE 3 

Activation Degree of Unclarified 
Apple Juice No. 2 

(150,000 yeast per c.c.) 

Time at 2.0 m.a. 
(in min.) 

o 
4 
8 

10 
20 
$0 
40 

Silver Content 
(gammas / liter) 

o 
322.1 
644.2 
805 O 

1610.0 
2 41 6 O 
3221.0 
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After treatment, these samples were transferred to 

250 c.c. prescription bottles, tightly capped, and kept in a 

dark room at 680 F. They were examined periodically for 

yeast and mold growth. 

No mold growth appeared in any of the samples even 

after ninety days storage. 

Fermentation began in the untreated sample within 

three days and in the others in inverse proportion to their 

silver contents, as shown by the following table: 

TABLE 4 

Fermentation of Treated 
Apple JuIce No. 2 

(150,000 yeast per c.c.) 

Silver Content Time of Appearance 
(gammas / liter) (in days) 

0 3 
322.1 10 
644.2 26 
805.0 44 
1610.0 None in 90 
2416.0 None in 90 
3221.0 None in 90 

Another experiment was conducted using clarified 

apple juice teatng 10.8% soluble solids and 6.8% total sug- 

ars, and having a pH of 4.0 and a yeast count of about 

15,000 per c.c. Nine samples of 250 c.c. volume were treated 

with the electro-Katadyn activator for various lengths of time 

using three milli-amperea of current. The activation times 



and the resulting silver contents were: 

TABLE 5 

Activation Degree of Clarified Apple 
Juice No. 1 

(15,000 yeast per c.c.) 

Time at 3.0 n.a. 
(in min. and sec.) 

o 
40 sec. 

i min. 20 sec. 
2 min. 

2 min. 40 sec. 
5 min. 
S min. 

12 min. 
16 min. 

Silver Content 
(gammas I liter) 

o 
80.5 

161.0 
241.6 
$22.1 
604.0 
966.4 

1449.6 
1932.8 

21 

After treating, the samples were placed In 250 c.c. 

prescription bottles, tightly capped, and the Tyndall phe- 

nomenon noted. This was found to be greatest in those sam- 

pies containing the most silver. 

These samples were left in a dark room at 680 F. and 

observed periodically for yeast and mold growth. 

The non-silvered sample began to ferment in two days, 

but the silvered samples had not begun to ferment even after 

seventy-seven days. 

After five days storage, all of the treated samples 

but that one given 1932.8 gammas of silver per liter had 

developed a white anaerobic mold growth on the bottom of the 

container, the number of colonies being greatest in those 

samples containing the smallest amount of silver. By the 
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end of eight days storage, this sixteen-minute treated sam- 

ple also had developed two of these white fluffy colonies 

of mold. The mold colonies in all the samples grew in size 

for about a week and then apparently died. 

Pear Juice. Ten 250 c.c. samples of unclarified 

Boac pear juice testing 15.4% soluble solids and having a 

pli of 4.25 were given inoculations of a culture of Saccharo- 

myces ellipsoideus to give various yeast counts, as follows: 

TABLE 6 

Yeast Count of Unclarified Boac 
Pear Juice No. i 

No. of 250 c.c. 
Samples Cells per c.c. 

2 147,593 
2 216,824 
2 286,054 
2 562,967 
2 839,901 

One sample of each yeast count was activated with 

the electro-Katadyn set for twelve minutes using two muli- 

amperes of current, while the duplicates of these were not 

silvered. The current efficiency of pear juice was found to 

be about 20%, consequently, these treated samples contained 

1,288 gammas of silver per liter. These ten samples in 

cotton-plugged 300 c.c. Erlenrneyer flasks were incubated at 

86° F. and observed periodically for fermentation. 

After one day of incubation, ali of the non-silvered 

samples were fermenting, those of highest original yeast 
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count were fermenting most rapidly. Of the treated samples, 

the two of the highest yeast count began to ferment in four 

days and those of the other three yeast counts began in five 

days. 

Another series of five samples of the same Boac pear 

juice was given a heavier inoculation of yeast from the cul- 

ture. After inoculation, these samples were given a silver 

content of 3,599 gammas per liter by the use of the electro- 

Katadyn set and incubated at 86° F., and observed periodic- 

ally for any signs of fermentation. The yeast contents and 

the number of days before fermentation appeared, were as fol- 

lows: 

TABLE 7 

Unclarified Bose Pear Juice No. 2 

Ferment at ion 
Yeast Count Appearance 

Code per c.c. in Days 

T7 1,348,793 None in 83 
Pio 1,863,593 None in 83 
T15 2,721,593 None in 83 
T20 3,579,593 19 
T25 4,437,593 lO 

In another experiment, freshly pressed, unclarified 

D'Anjou pear juice with a small micro-flora count of about 

50,000 per c.c., was given a treatment with the electro- 

Katadyn set. The original juice tested 13.2% soluble sol- 

ids, 10.16% total sugars, 9.12% reducing sugars, and pH 4.25. 
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Five samples of 250 c.c. volume were treated for various 

lengths of time. After treatment, these cotton-plugged 

Erlenmeyer flasks were placed in the incubator at 860 F. and 

examined periodically for yeast and mold growth. 

The non-silvered sample was discarded before any 

mold growth appeared, but fermentation and mold growth ap- 

peered in the others as follows: 

TABLE 8 

Unclarified D'Anjou Pear Juice 
No. 1 

(50,000 cells per c.c.) 

S liver Content 
(gaminas / liter) 

o 
i 33 
2000 
2666 
3333 
4000 

Fermeritat ion 
Appearance 
(in days) 

2 
7 

None in 49 
None in 49 
None in 49 
None in 49 

Mold Growth 
Appearance 
(in days) 

10 
37 

None in 49 
None in 49 
None in 49 

Six more samples of this same freshly pressed D'Anjou 

pear juice were inoculated with a yeast culture to give dif- 

ferent yeast counts. After inoculation, they were given a 

silver content of 2,666 gaminas per liter with the electro- 

Katadyn set, the flasks plugged with cotton, and incubated 

at 86° F., and examined periodically for yeast and mold 

growth. 

No fermentation occurred in any of the samples in 



forty-nine days, but mold growth appeared as follows: 

TABLE 9 

Unclarified DtAnjou Pear Juice 
No. 2 

(2,666 gammas Ag. per liter) 

Yeast Count Mold Appearance 
(cells per c.c.) (in days) 

500,000 
1,000,000 
1,500,000 
2,000,000 
2,500,000 
3,000,000 

None in 49 
None in 49 

23 
28 
23 
24 

25 

In another experiment with D'Anjou pear juice, sil- 

ver ions derived from silver salt8 were used. Acqueous stock 

solutions of silver nitrate, silver sulphate, and silver lac- 

tate were made up so that i c.c. yielded 250 gammas of sil- 

ver. At this small concentration, it is believed that all 

the silver salt is in the ionized form (or "active" form, ac- 

cording to the new 100% ionization theory). 

Proper amounts of these solutions were mixed with 

D'Anjou pear juice to give in the 250 c.c. samples a silver 

content ranging from 200 gammas per liter to 3,000 gammas 

per liter. The juice used was the unclarified juice employ- 

ed in the previous experiment, but with a contamInation count 

of about 1,000,000 per c.c. After treatment, these samples 

in loosely capped prescription bottles were incubated at 

90° F. and periodically examined for yeast and mold growth. 
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The following table indicates the manner in which 

fermentation and mold growth appeared in the samples: 

TABLE 10 

Unclarified D'Anjou Pear Juice No. 3 

(treated with silver salts) 

Ag. Content Appearance of Fermentation - in Days 
Gammas per 

liter 
Ag NO3 Ag, SO4 Ag C H 03 Mold 
added aded adJ Appearance 

200 2 2 2 5 
400 5 4 4 5 
600 4 8 8 5 
800 6 None in 62 None in 62 5 

1000 None in 62 None in 62 None in 62 5 
2000 None in 62 None in 62 None in 62 11 
3000 None in 62 None in 62 None in 62 22 

Another experiment was conducted using the same un- 

clarified D'Anjou pear juice as above. One sample was given 

an inoculation from the silver nitrate stock solution, giving 

it a silver content of 2,400 gammas per liter, and three oth- 

er samples were treated with the electro-Katadyn. activator 

giving silver contents of 1,353, 2,666, and. 3,999 gammas per 

liter to the samples. All four samples were in cotton-plug- 

ged Erlenmeyer flasks and were incubated at 860 p 

In one day, all of the Katadyn treated samples turned 

a greylsh-green color as viewed by reflected light, the sam- 

pie with the most silver being darkest in hue. The silver 

nitrate sample did not develop this color. In sixteen days, 

the sample with 1,333 gammas of silver per liter had almost 

totally cleared, throwing down a sediment, while the other 
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Katadyn treated samples had partially cleared, throwing down 

a lesser amount of sediment. 

None of the samples fermented in sixty-two days, but 

the silver nitrate treated samples had developed an anaero- 

bic mold growth. 

Loganberry Juice. Heat pasteurized loganberry juice 

of pH 3.06 and 11% soluble solids was clarified with Pectin- 

ol "W", the clarified juice being re-pasteurized by heating 

to 1800 F. After cooling, it was given a yeast count of 

500,000 per c.c. by the addition of the proper amount of yea- 

st culture. This clarified juice had a pH of 3.03 and a 

soluble solids content of 10.6%. Using the three stock sil- 

ver salt solutions, samples of this loganberry juice in pre- 

scription bottles were given silver contents ranging from 

200 to 3,000 gammas per liter, placed in the incubator at 

800 F., and observed for fermentation. 

All samples were fermenting at the end of one day of 

incubation. 

Another series of samples were given silver contents 

ranging from 1,000 to 6,000 gammas per liter by the addition 

of the proper amounts of the stock solutions. These also 

were incubated at 800 F., and observed for fermentation. 

After one day of incubation, all of these samples 

were fermenting. 

Another series was set up in which the silver con- 

tents ranged from 7,000 to 15,000 gammas per liter. 



All of these also were fermenting after one day of 

incubation. 

An experiment, then, was set up in which the pH of 

the juice was adjusted to 5.0 by the addition of sodium 

hydrocide solution. The yeast count of this adjusted juice 

was built up to 500,000 per c.c. by the addition of the 

proper amount of culture and given the followIng silver con- 

tents, using the silver sulphate solution; 2,000, 7,000, and 

15,000 gammas per liter, respectively. These samples were 

incubated at 80° F. in loosely capped prescription bottles. 

Table 11 indicates the number of days of incubation 

before fermentation appeared in these samples: 

TABLE 11 

Clarified Loganberry Juice of 
pH 5.0 

(500,000 yeasts per c.c.) 

Silver Content 
(gammas / liter) 

o 
2000 
7000 

15000 

Fermenta t ion 
Appearance 
(in days) 

i 

3 
10 
18 

The pli of all the samples had dropped to a pH of 4.1 to 4.5 

at the time that fermentation began. 

Another experiment was set up in which the pH of 

pectinol clarified loganberry juice was changed by adding 
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different anount of 3odiurn hydroxide solution to give dif- 

ferent pH values a follows: pH 3.1, pH $.59, pli 4.08, pH 

4.52, pH 4.96, pH 5.58, pH 6.13 and pli 6.69. The 8oluble 

solids contents of all these samples were l0.2°. The yeast 

count was increased to about 400,000 per c.c. by adding the 

proper amount of culture. The juice of each pH value then 

was divided into three samples of 200 c.c. volume, one given 

1,500, one ?,500, and one 3,500 gammas of silver per liter 

by the addition of silver sulphate solution. These samples 

in loosely capped prescription bottles were incubated at 

800 F., and observed periodically for fermentation. The re- 

suits were as follows: 

TABLE 12 

Loganberry Juice with Adjusted pH Values 

(treated with Ag2SO4) 

Hours for Fermentation to Appear 
pH 1500 ganmias 2500 gammas 3500 gammas Values Ag. per 1. Ag. per 1. Ag. per 1. 

3.1 17 17 17 
3.59 17 17 17 
4.08 17 17 17 
4.52 17 17 22 
4.96 17 22 65 
5.58 41 88 88 
6.13 41 136 160 
6.69 88 184 208 

Action of Silver on Yeast. A loop of yeast from the 

bottom of a sample of silver treated Boac pear juice which 

had not begun to ferment after twenty-two days incubation at 



86° F., was diluted with about 150 c.c. of sterile pear juice. 

This dilution was incubated for one day without any ferment- 

ation taking place and then a portion was streaked out on wort 

agar and incubated. After three days of incubation at 86° F., 

a growth appeared on the agar which by microscopic examination 

was found to be a pure culture of yeast (Saccharornyces ellip- 

soideus, probably). 

After forty-nine days of incubation, the original 

treated Boac pear juice had not begun to ferment, so the same 

determination as above was made. After incubating the streak 

for three days, no growth appeared on the agar. All the yeast 

was apparently dead. 

DISCUSSION 0F RESULTS 

It appears from the above experiments with apple and 

pear juice that yeast growth may be stopped by the action of 

silver ions, but that mold growth can not be stopped by ail- 

ver ions alone. With the apple juice, mold growth was check- 

ed only when the bottles were capped tightly, thus excluding 

air and decreasing to a minimum the oxygen available for 

growth. But even when this precaution is taken, an anaerob- 

le mold growth may appear. 

From the apple juice experiments, it may be conclud- 

od also that this preservative action of silver is more ef- 

feetive at 86° F. than at 68° F. This point was evidenced by 

the fact that the unclarified juice with about 100,000 yeasts 
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per c.c. did not ferment when held at 86° F. even with the 

sample containing 161 gammas of silver per liter, but the 

same juice when held at 680 F., exhibited fermentation even 

in the sample containing 805 gammas of silver per liter. 

This fact was reported also by Gibbard (7) and by Markvoort 

and Wieringa (22). Gibbard (7) found that temperatures of 

8° to 100 C. as compared with 22° to 25° C. markedly retard- 

ed the oligodynamic action of silver. With the higher teinp- 

eratures, more killing was observed. Markvoort and Wieringa 

(22) report that the dying off of bacteria is greatest at 

28° C. 

It also was noted from these apple juice treatments 

thal it required 1es silver to keep the clarified juice than 

the unclarified juice. All of the silvered clarified apple 

juice samples kept when held at 68° F., while only the three 

of the unclarified samples which had the greatest silver con- 

tent3 kept more than forty-four days when held at the same 

temperature. This is undoubtedly due to the fact that in the 

unclarified juices there is a large amount of suspended ma- 

terial to which much of the silver is adsorbed, thus leaving 

a les3er amount available to act upon the micro-organisms. 

Other things being equal, the yeast count is an im- 

portant factor in the preservation of juices with silver. It 

was noted that with the Boac pear juice, a silver content of 

1,288 gammas of silver per liter retarded the yeast growth 

for four days when yeasts were present to the extent of 
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839,901 per c.c., but this same amount of 3Ilver retarded the 

growth for five daya when the yea3t count wa 286,054 per C.C. 

When about 3,600 gammas of silver per liter were present, no 

fermentation occurred in eighty-three days, even when the 

yeast count was roughly 2,720,000 per c.c., but fermentation 

took place in nineteen days when 3,600,000 per c.c. were pre- 

sent, and in ten days when 4,440,000 per c.c. were present. 

From this, it appears that there must be a definite minimum 

silver ion concentration for each yeast concentration in or- 

der to stop the growth of the yeast cells. When 2,700,000 

yeast cells per c.c. are inhibited from growing by a silver 

ion concentration of 3,000 gammas per liter, the author has 

calculated that the silver ion concentration i 18.5 10-- 

for each yeast cell. Not all of these ions conte in contact 

with the cell however, but this number must be present in 

order that enough ions will come in contact with the celi to 

inhibit its growth. In the treatment of drinking water where 

100,000 Escherichla coli organisms per c.c. were present, 

Fresenius (5) reports that 24 x iO1 silver ions per bacter- 
lun must be present to kill the cell. The number here is 

smaller than above because of the difference in acidities of 

the two media and because of the different organisms involved. 

With ordinary contaminations in freshly prepared pear 

juice, about 50,000 per c.c., a silver content of 2,000 gammas 

per liter will keep the juice from spo±ling for at least 

forty-nine days, the length of this experiment, and the author 
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believes that this amount of silver will inhibit the yeast 

growth for a much longer time, for 2,666 gammas per liter 

kept for forty-nine days juice which had 3,000,000 yeast 

cells per c.c. 

It was noted in this last experiment with pear juice 

employing 2,666 gaminas of silver per liter, that mold growth 

occurred in inverse proportions to the yeast count of the 

juice, that is, with the samples of high yeast count, mold 

appeared first, and with those of 1,000,000 yeasts per c.c., 

no mold appeared. Could not this be due to the fact that 

with the high yeast counts the silver ions are withdrawn more 

rapidly from the surface film, thus leaving an ideal place 

for the mold spores present to produce growth? 

With pear juice as with apple juice, it was brought 

out that it is much easier to keep clarified juice than un- 

clarified juice. With the clarified juice, 1,000 gautnas of 

silver per liter preserved the juice even with a count of 

1,000,000 yeast cells per c.c., while with the unclarified 

juice, a concentration of 2,000 gammas per liter was neces- 

s ary. 

These experiments with pear juice also indicated that 

silver ions derived from silver salts in solution, were just 

as effective as the silver produced by the electro-Katadyn 

method. Myers and Mauer (26) and Markvoort and Wieringa 

(22) obtained the same results in their work on water steril- 

izat ion. 
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There is a slight color change In these light color- 

ed pear and apple juice3 which is found only in the Katadyn 

treated samples and not in those treated wIth silver 8alta. 

This opalescent green color noted and the Tyndall phenomenon 

observed, indicate3 that much of the Katadyn silver produced 

13 either colloidal in state or produces a reaction within 

the juice which increases the colloidal content of the juIce. 

Kreipe (15) noted the same change in appearance when treat- 

ing vinegars by the Katadyn method. He reports that an opal- 

escent turbidity was noted in concentrations of 850 gammas 

of silver per liter and above. The author observed that this 

color change also was more pronounced at the higher temper- 

atures of storage. 

With the silver treated pear and apple juices, a sil- 

ver concentration of 1,000 gammas per liter gave a slight 

metallic taste which was more pronounced when the juice was 

held at 86° F. than at 68° F. This taste increased with 

greater concentrations of silver. It was noted in the Kata- 

dyn treated samples as well as in the silver salt treated 

samples. 

That the reaction of the fruit juice or beverage to 

be sterilized by the ionic silver method I a very important 

factor was exhibited very clearly with the loganberry juice 

experiments. With juice of pH 3.03, it was impossible to 

preserve it even with a silver content of 15,000 gammas of 

silver per liter (15 p.p.m.). It was shown that if the re- 



action of this juice wa adju$ted to a lower acidity, the 

juice could be pre3erved for a long a 208 hour3 wIth a 3i1- 

ver Ion concentration of 5,5OO gammas per liter. But with the 

method employed, the pH tended to return to its original value 

thua allowing fermentation to proceed. This pli or reaction 

factor is very interesting, and the author believes that it 

13 eLxplained somewhat by Leitner (19), a discu83ed in the 

early part of this paper. It is supposed that the positively 

charged silver ion is attracted to and adsorbed on the micro- 

organism. A highly negative charge on a bacterium or yeast 

would more readily attract and adsorb the silver ion than a 

lesser negative charge. It can be shown that a high pH low- 

ers the negative charges on such bodies and conversely that 

a low pH raises the intensity of the negative charge. There- 

fore, an organism in a highly acid medium would carry a low- 

or negative charge than when in a less acid medium, and hence 

would not be killed as readily by the silver ion. This ex- 

plains fairly well one concept of the effect of reaction in 

silver sterilization. 

Looking at the phenomenon troni another angle, it 

might be said that with a lower pH, the positive ion concen- 

tration of the system is greatly increased thus producing a 

greater competition for adsorption between these positive 

ions, resulting in a preferential adsorption of the lighter 

and less dense hydrogen ions over the heavier silver ions. 

The hydrogen ion might be spoken of as being more "motile" 
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than the heavy silver ion, if one may speak of motility of 

ions. 

Whatever the explanation of this factor may be, lt 

still remains that the pH of the solution is equally impor- 

tant as the kinds and numbers of organisms present in the 

juice to be treated. 

The experiments with silvered pear juice, in which 

an attempt was made to find out just what happens to the 

yeast cell when it is subjected to the treatment with silver 

ions, indicated that not all of the cells are killed instant- 

ly, as reported by Traube (37) nd Schumaker (34), but are 

only inhibited from growing. This corresponds to the view- 

point of Leitner (19) and Leise arid Mendel (20). But the ex- 

periments also showed that eventually the yeast cells die. 

From outward appearances this phenomenon is much like that 

which occurs in frozen pack fruits held at a temperature of 

about 00 F. Growth of the organisms are inhibited by the low 

temperatures of storage and during storage their numbers de- 

crease steadily. This is thought to be a dehydrating process 

In which the organism is eventually killed. Could not this 

reaction of the silver ions on the organisms also be a de- 

hydration process? Traube (37) indicates that such is the 

case. 
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S UiviARY 

1. Yeast growth in pear and apple juice may be stop- 

ped with a silver content of 2,000 gammas per liter in un- 

clarified juices of nominal contaminations, and with 1,000 

gammas per liter in clarified juices. 

2. The silver ion is the preserving factor in sil- 

ver preservation, and is equally potent regardless of its 

source, i.e., electro-Katadyrt or from silver salts. 

3. Mold growth can be stopped only by some method 

of excluding air from the headspace of the container in ad- 

dition to silver treatment. 

4. The efficiency of the silver ion is higher at 

86 F. than at 68° F. 

5. Katadyn silver produces an opalescent hue in the 

juices while silver from salt solutions does not. This col- 

or change is greater at increased temperatures. 

6. A slight metallic flavor is given to the pear and 

apple juices treated with silver salts and Katadyn silver. 

This taste is noted with silver concentrations as low as 

1,000 gammas per liter. 

7. The acidity of the juice i just as important as 

the kinds and numbers of organisms present. 

8. Because of the low pH, loganberry juice at pros- 

ont does not adapt itself to preservation with silver. 

9. Micro-organisms are first inhibited from growing, 



but are finally killed after sorne length of time of expos- 

uro to silver ions. 
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