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SORBIC ACID AND DERIVATIVES

Summary - Toxicological Information

-

In mice, the intraperitoneal acute toxicity tests of aodiun’; and
potassium sorbates revealed LD, values to be 2,500 and 1, 300 mg/kg,
respectively.(ZOBa). The acute oral toxicity (LD50) of sorbic acid, and
its sodium and potasiurh salts for the rat ranges from 5,_ 000 to 10, 500
mg /kg (256, 498). In starving male and female rats, the LD50 values
were determined to be 4, 300 and 3, 600 mg/kg, respectively (98), No

acute toxicity data has been presented for the calcium salt of sorbic acid,

The maximum safe dosage of sorbic acid in 30-day feeding tests
on rats without causing reduced growth or adverse micropathological

changes have both been determined to be 48 mg/kg/day (423).

A lack of toxic effects was observed for sofbic acid in a
multi-indices study on albino mice and rats in 3-month subacute
and 8- to'18-month chronic toxicity studies, These studies did
indicate the positive effects of increased immunobiological activity
and detoxification function of the liver (193). A similar study in
which mice and rats were given 40 mg/kg/day for 3, 17, or 18
‘months afxd tested for growth, survival, hemat'ology, and blood

chemistry; stress factors such as dietary restrictions, low



temperature and carbon tetrachloride (CC14) in rats and mice
indicated that sorbic acid was the least toxic of a group of food
preservatives and combination thereof, The same comparatively
low toxicity was found for the action of sorbic acid on liver
function in rats and reproduction in mice. A polyfneric impurity

of sorbic acid showed similar results m a 2-month study (417),

- The harmless nature of sorbic acid at the 5% level in fhe

diet of rats, mice, guinea pigs, and dogs has been indicated since
no adverse side effects were reported at this level in several
studies (95, 98, 243). |

Even up to a 10% sorbic acid level in the diet of albino rats did
not appreciably affect the quantity of food consumed. However,it resulted
in a higher growth rate, yielded a higher ratio of liver to body
weight,‘ and had no influence on the reproductive capacity when
cbmpared to the controls (95, 234). The liver though enlarged
showed no pathology when son;le of these albino rats were fed
. 1-2% sorbic acid in the diet for 10 weeks (234).

A dependency of posiBle toxicity on the dosage, frequency
and duration of sorbic acid and potassium sqrbate administratioﬁ is in-
dicated in a variable study on these two materials. A single
dose of 200 mg of sorbic acid or potassium sorbate to rats re-
sulted in a lowering of bile secretions, .biliary protein and
sodium while the potassium remained the same (121). I, 200
mg/kg/day as a single dose of sorbic acid for 22 weeks showed

no pathological alteration in the paixcreas or liver, When 1, 600
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mg/kg/day for 12 weeks and 2, 000 mg/kg as a single dose was tested,
pathological alterations were found in the paﬁcreas and liver (498).
However, the sodium and potassium levels were not affected by
2% and 0. 25% levels of sorbic acid and potassium sorbate in the diet
for 3 months (121). |
Pancreatic and bile secretion studies on réts administered
sorbic acid and potassium sorbate by stomach tube had slightly
reduced total protein content and chymotrypsin activity and in-
creased lipase and amylase activity of pancreatic secretion and
bile secretion (499). In the chronic administration of sorbic acid, _a11
indices except chymotrypsin and lipase activity were inc.r_eased (498, 499).
As might be expected, no toxic effect was encountered when 35 mg/
‘kg /day of sorbic acid as a 10% alcohol solution and equivalent dosages of
several of its derivatives were administered. intramuscularly for 3
months to mice (432).
The administration of sorbic acid to albino mice and rats in
subacute and chronic toxicitytests showed that sorbic acid prevents
the toxic effect of nisin. In a parallel test, it was found that sodium '
bisulfite (NaHSOz) may also be used in conjunction with sorbic acid
(105,193, 417).
Nine second generation albino rats fed a 10% sorbic acid diet
up to 3 months produced a significant difference at the 95% level in

the oxygen consumption of liver homogenates. There was
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no aig_nifidant difference in 5 parent generation rats similarly treated.
A contradicti_on seems to ﬁresent itself_ in that the control female liver.
homogenates in this study had the highest oxygen consumptién while the
results for the treated females were lowered. The values for the treated
females having been the same as for the treated mé.les (95).

Additional evidence that sorbic acid and its salts are generally
~ accepted as harmless here and in the United Kingdom is contained in a -
report that states that they fneet- the United Kingdom food regulation stan-
dards (256). This is reinforced by the fact that the implied human ingestion
of large amounts of bevefage, juice, wines, and soft drinks, treated with |
400 mg to greater than 1, 000 mg per liter of potassium sorbate caused no
side effects (594). The s_uitability of sorbic acid and sodium sorbate as
antiseptic and antifungal agents in mixtures for internal use has been shown .

in studies on rats (2, . ). Test and control rats and mice showed no ob-

servable differences when sorbic acid was administered for 12 months alox;xg
with glucose oxidase and catalase (36.).

One of the few toxic effeﬁts seen as a result of the use of sorbic
acid.and potassium sorbate is a :ﬁild irritation of the skin (1 30a).

Albino rats fed sorbic acid along with carotene for 2, 4, and 6
" weeks had an increased secretion and decreased liver storage of vitamin A

as .compared to the control rats (234).
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The only evidence of carcinbgenicity observed was after
repeated subcutaneous injections into rats of sorbic acid in oil (99).
A protective role of sorbic acid against the photodynamic action of
benzopyrenes, known.carcinogens, was found for some microorganisms.
Increases of the protective action observed with the quantity of this and
other antioxidants suggests that further studies on the relationship of

cancer and sorbic acid and other antioxidants be undertaken (115).

The carcinogenicity was not increased when 73 mice con- _
tinuously fed 40 mg/kg/day sorbic acid were inoculated with
Erlich ascites cells but they tended to fatten (105). No studies
were found on the possible carcinogenicity of sorbic acid salts
in the available literature.

The main metabolic products of sorbic acid were identi-
fied as carbon dioxide and water along with minor products of
muconic and sorbic acids in the urine of mice (481). The meta-
bolism of soibic acid to carbon dioxide and water along with
energy was also found in rats fed sorbic acid during fasting,
These products wefe accompanied by a ketonuria (98). The
presence of muconic acid as a metabolic product of sorbic acid
has been verified as its trans-trans isomer at the 0.1 - 0. 2%
level in the urine of rabbits fed sorbic acid and selected esters
thereof {237). Thorough investigation of sorbic acid in all
phases reveals its metabolism to be identical in animals and

human beings (256).
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Other metabolic studies also show that sorbic acid is
metabolized to carbon dioxide, water and energy, (98, 256, 493),
which is similar to the metabolism of hexanoic and hexenoic acids
(243), and caproic and butyric acids (98).

Two series of experiments indicate that germination of
some microorganisms is inhibited by 10 mg% of sorbic acid
and 30-50 mg% of sodium sorbate (41). The growth develop-
ment and survival rate of larvae were decreased by 4 nutrient levels
of potassium sorbate. However, as the sorbate level increased
the inhibition decreased (60‘2).

In the apparently corhplex inhibitory effects of sorbic acid on
enolase activity in yeast, there is a dependence on the substrateand sorbic
acid concentrations (34, 169). This correlates with a dependence
of the permeability of the yeast cells on the undissociated sorbic
acid content. Yeast cell permeability has been shown to influence
enolase inhibition (34). Another direct relationship to the concentra-
tration of undissociated ' sorbic a:cid was found. to be its toxicity to yeast
- cells (45). |

No inhibition of many phospho enzymes and related systems by
sorbic acid was encountered when studies were performed oncell free-
yeast extracts. Other intact microorganisms showed a pH dependence
of in vivo respiration, of cell permeability and of toxic action
directly related to sorbic acid dissociation (34). No decomposition

of sorbic acid is brought about by the extracellular enzymes of



Aspergillus Niger organisms (275). .Potassium sorbate inhibited
some sugars and similar compounds as well as some enzyme systems
in the production of carbon dioxide (92).

Again, in the Aspergillus Niger cells, the evidence points to

the metabolism of the major pa.rt of sorbic acid to carbon dioxide,
water, and energy along with some methyl ketones (275). Potassium
gorbate has also been found to be used as a source of energy in
other microorganisms (92).

At a concentration of 10-4 moles per liter, sorbic acid is
an inhibitor of the sulfhydryl enzymes ficin and alcoholic dehydro-
genase (482), but aldolase, urease and other enzymes were not
significantly inhibited. (34, 482). However, irradiated sorbic acid
was a better inhibitor of ficin than ordinary sorbic acid {482).

Contrasting results to those previously reported have been
found for the effect of cysteine and glutathione increasing the degree
and duration of the inhibitory effects of potassium sorbate (92).

The total ﬁnited States usage, in poun&s, in 1970 as reported

in an NAS/FEMA study is:

Sorbic Acid Sodium Sorbate Calcium Sorbate Potassium Sorbate
903, 652 No reports 7 No reports 1, 028, 960

A 1969 review comparing sorbic acid and sulfur dioxide reports Food Facts
and Household Food Consumption and Expenditure as indicating that un-
conditional maximuym daily intake of sorbic acid to be 750 mg/day for a

60 kg person, 12.5 mg/kg, and the conditional maximum intake to be

1,500 mg/day for the same person, 25 mg/kg. Similar data was not avail-

able for the sodium, potassium, and calcium salts of sorbic acid,



Complete data on probable average, high, and maxi-
mum exposure to sorpic acid and potassium sorbate are given
under Consumer Exposure Information(314b). No such data was

available for sodium and calcium sorbate.
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_Chemical Information

1. Nomenclature

A. Common names (294a)
Sorbic Acid
Sodium Sorbate
Potassium Sorbate

Calcium Sorbhate

B. Chemical - names {294a)

Sorbic Acid
Trans, trans 2,4-Hexadienoic Acid
2-Propenylacrylic Acid

Sodium Sorbate
Sodium 2, 4-Hexadienate

Potassium Sorbate
Sorbic Acid, potassium salt
Potassium 2, 4-Hexadienate
2,4-Hexadienoic Acid, potassium salt

Calcium Sorbate

Calcium 2, 4-Hexadienate

C. Trade names (294a)
Sorbic Acid - No accessible data in available literature.
‘ Potassium Sorbate - B B powder
Sodium Sorbate - No accessible data in available literature.

Calcium Sorbate - No accessible data in available literature.



D. Chemical Abstracts Services Unique Registry Number

Sorbic Acid : 000110441
Sodium Sorbate : 007757815
Potassium Sorbate : 000590001
Calcium Sorbate : 007492559
II. Empirical Formulae (294a)
‘Sorbic Acid : C¢HgO7
Sodium Sorbate : C6H7Na02
Potassium Sorbate : Co(H7KO;
‘Calcium Sorbate :  CjpHj404Ca
III. Structural Formulae (294a, 208a)
_ H E //o
"Sorbic Acid : CH3C=§“ =(;—C
H H TOH
| H 7B °
Sodium Sorbate : CHSC=C_C=;F[—C
I!I “ONa
H ﬁ L
Potassium Sorbate : CH3C-’-<F— ZQ—C\
: H H OK
H °
Calcium Sorbate : CH3C -’IE—C:?—C
H j,Ca
IV. Molecular Weight (130a, 243a)
Sorbic Acid : 112.13
Sodium Sorbate : 134.12
Potass ium Sorbate : 150, 22
Calcium Sorbate : 262.3
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V. Speciﬁcatioﬁs (130a)

A,

Chemical
e Sorbic Acid - 99.0 to 101, 0% on anhydrous basis
« Sodium Sorbate - No accessible data in available
Htefature
s Potassium Sorbate -~ 98.0 to 101, 0% - C 6H7K02
on a dried basis |
» Calcium Sorbate - -98 - 102% - C]H]404Ca
on a dried basis
Food Grade (130a)
Sorbic Acid
Agsay: Not less than 99% nor more than 101, 0%
on anhydrous basis.
Limits of Impurities:
Arpenic (as As), Not more than 3 ppmr(O. 0003%).
Heavy metals (as Pb). Not more than 10 ppm
(0. 001%).
Residue on ignition. Not more than 0, 2%.

Water, Not more than 0, 5%,

Sodium Sorbate - No accessible data in available literature.

Potassium Sorbate
Assay: Not less than 98, 0% and not more than the
equivalent of 101, 0% of C6H7K02, calculated on

the dried basis,

e




Limits of Impurities:
Acidity (as sorbic acid). Passes test (about 1%).
Alkalinity (as KZCO3). Passes test about 1%).
Arsenic (as As); Not more than 3 parts per
million (0. 0003%).

Heavy metals {(as Pb). Not more than 10 parts

per million (0. 001%). |

Loss on drying. Not more than 1%.

Calcium Sorbate - No accessible data in available literature.

C. Official Compendia
Food Chemical Codex. 2nd Edition. 1972 (130a)
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V1.

Description

A. General characteristics

e Sorbic Acid is a white, free ﬂdwing powder with a

characteristic odor.

It is slightly soluble in water.

One gram dissolves in about 10 ml., of alcohol and in

about 20 ml. of ether (130a).

¢ Sodium Sorbate - No accessible data in available literature.

e Potassium Sorbate is a white crystalline material

giowder or pellets ' (130a).

s Calcium Sorbate - No accessible data in available literature.

B. Physical Properties (294a)

Sorbic Acid

Melting Point
Boiling Point

Vapor Pressure at 20°
143°

Flash Point

Ionization Constant at 25°

Solubility
- Water 30°

100°

Propylene Glycol
20°

Glycerides

«13-

134, 5°
228° (decomposes)

< 0,0] mm
50 mm

127°

1.73 x 107

0. 25%
3. 8%

5, 5%
0.6-0,8% .



Absolute alcohol or Methanol 12, 90%

20% Ethanol 0.29%
Glacial Acetic Acid 11. 5%
Acetone . 9. 2%
Benzene - 2.3%
Ca.rbon. Tetrachloride 1.3%
Cyclohexane 0.28%
Dioxane | 11. 0%
Glycerol : 0. 31%
Isopropanol 8. 4%
Isopropyl Ether 2. 7%
Methyl Acetate 6. 1%
Toluene 1. 9%

Sodium Sorbate - No accessible data in available
literature,

Potassium Sorbate

Optical rotation dag 1, 363
Melting point - 270° (decomposes)
Solubility HZO at 20° 58. 2%

Alcohol 6. 5%

Calcium Sorbate - No accéasible data in available
literature.
C. Stability in containeré.

» Sorbic Acid - Store in tight containers protected from
light preferably at temperature not exceeding 38° (130a).

& Sodium Sorbate - No accessible data in available
literature,

¢ Potassium Sorbate - Store in - tight containers.

o Calcium Sorbate - No accessible data in available

literature.
-14 -
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VIL Analytical Methods

A, Identification to distinguish among antioxidants

‘s TAS (thermonicroseparation) (428)

* Germination (sorbic acid and sodium sorbate
(non-specific) (41) .

* Jon Exchange (1 96)

B. Detection and quantitation in foods and food packaging

General

_® Thin Layer Chromatography (sodium, potassium
and calcium salts) (88, 348) _

. Paﬁer Chromatography, pr_e_-extra.ctéd (3.71) '
¢ Volumetric {426) | .
s Infrared Spectra (195)-
¢ Gas Chromatography (149)
¢ Ion Exchange (196)
¢ Column Chromatography and Ultraviolet (309).
» Ultraviolet (581) '
‘Beer and Wine
* & Thiobarbituric Acid (210)
s Ascending Paper and Ultraviolet (162)

¢ Gas Chromatography (149)
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" VIL Analytical Methods

A. Identification to distinguish among antioxidants

-9 TAS (thermonicrosepﬁration) (428)

¢ Germination (sorbic acid and sodivm - sorbate)
'~ (non-specific) (41)

® Ion Exchange (1 96)

'B. Detection and quantitation in foods and food packaging
General

e Thin Layer Chromatography (sodium, pota.ssmm
and calcium salts) (88, 348) _

¢ Paper Chromatography, pre-extra.cted (371)
s Volumetric (426) '
- e Infrared Spectra (195)'
¢ Gas Chromatography (149)
e Ion Exchange (196)

* Column Chromatography and Ultraviolet (309)

Beer and Wine
’* ® Thiobarbituric Acid (210)
. Ascending Paper and Ultraviolet (162)

e Gas Chromatography (149)
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* Germination (potassium salt) (576)

. G.ermination (sorbic acid and sodium salt) (41)
Non-alcoholic Beverages

* Modified Vander Cook and Rolle (rapid) (130)

. Ultraviolet (rapid) (139)

¢ Germination (sorbic acid and sodium salt) (41)
Fats and Oils

¢ Color (6)

s TAS (thermomicroseparation) (428} :

¢ Polarographic (277)
Cheese and its Wrappers

+ Distillation and Ultraviolet (288)

s Gas Liquid chromatography (240)
Rye Bread .

» Gas Chromatography (151a)
Other Detection

s Faraday Tyndall (123)

¢ Microbiological, turbimetric (457)
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VIII. Occurrence and Levels

A. Plants
Sorbic Acid - Natural - rowanberry {(sorbapple or
mountain ash berry) as the lactone,
called parasorbic acid. No levels
noted (222z).

Sodium Sorbate - No natural occurrence noted in
available literature.

"Potassium Sorbate - No natural occurrence noted
in available literature.

Calcium Sorbate - No natural occurrence noted in
available literature,

B. Animals
n Sorbic acid has been detected throughout carcasses.

Sodium Sorbate - No animal occurrence noted in
available literature,

Potassium Sorbate - No animal occurrence noted in
avail_able l_iterature.

Calcium Sorbate - No animal occurrence noted in
available literature.

C. Synthetics

No occurrences noted in available literature.

D. Natural Inorganic Sources

No occurrences noted in available literature.
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Biological Data

1. Acute toxicity

Table 1
LDgq
Animal Route Material mg/kg Ref.
Rat  oral Sorbic Acid 7,360 423
Rat ‘oral Sodium Sorbate 7,160 423
Rat ‘ - Sorbic Acid 5.10, 000 498
Rat - | oral Sorbic Acid 10,500 | 'z
| Sorbic Acid 10,500 256
‘Mouse Lp Sodium Sorbate 2, 500 2082
Mouse i P- Potassium Sorbéte | l,l 300 208a
Starving r-at-s. .
Male peroral Sorbic Acid 4, 300 98
Female peroral  Sorbic Acid 3,650 - 98



II. Short Term Studies

As seen in Table 2 varying the dosage and duration of the
study caused slightly differing results and side effects for sorbic
acid and potassium sorbate when administered to mice, guinea pigs,
and dogs. No reports wefe found for subacute toxic effects due to
the sodium and calcium sorbates. |

Subacute studies of 3-month duration show contradictory
results when albino mice and rats were administered sorbic acid -
(193, 417). On mice and rats fed 40-80 mg/kg/day of sorbic acid,
some adverse effects were noted on growth, survival, hematology,
blood chemistry, liver function. Similar results were obtained when
stress factors such as dietary restriction, low temperéturé and ex-
‘poaure to carbon tetrachloride (CC14) were evaluated, Reproduction
in mice and liver function in rats also were adversely effected. How-
ever, sorbic acid showed the least undesirable effects on growth, sur-
vival, and susceptibility to stress of the substances .atudiest Interest-
ingly, a polymeric impurity extracted from sorbic acid studiéd for
2 months in mice and rats at levelg of 800 mg/kg showed the same ad-
verse growth, survival, hematological, blood chemistry, and stress
effects as did sorbic acid (417). The contradiction is in a study that re-
ported no toxic effects when weight gain, food consumption, survival rate
and the effects of stress were measured in 400 albino rats and 1900 mice
administered dosages as above, 40-80 mg/kg/day of sorbic acid (193).
The same study shows the positive effects of increased immuno-

biological activity and detoxification function of the liver. Another
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Table 2 |

~SIDE EFFECTS

Duration :
Material Dosage Months Route Animal Results Ref.
Sorbic Acid 40mg/kg/dny 3-18 Oral . Mice Some adverse groivﬂi. reproduction and survival; (417)
: hematology &k blood chemistry; stresa factors such
as dietary restrictions, low temperature and carbon
tetrachloride.
Sorbic Acid 2/3 .Oral Guinea Increase 4-6 fold phagocytosis of staphylococcus, (432)
1% oily Pigs
Sorbic Acid 200mpg single dose Rats Reduction bile secretions, biliary protein, sodium. {(121)
Potassium unchanged.
- B .
- Potassium 200mg single dose Rats Reduction bile secretions, biliaty protein, sodium. {121)
Sorbate Potassium unchanged.
Potassium 200mg single dose Rats Slight increase bilirubin, cholesterol pancreatic juice (121)
Sorbate ) and its protein and its lipase and amylase activity.
. Reduced chymotrypsin activity, .
Sorbic Acid .2']. 3 Oral Rats Decrease chymotrypain and amylase. Slight increase (121)
: bilirubin and cholesterol, Reduced lipase.
Potassium 2% 3 Oral Rata Decreua chymotrypsin and amylase, Slight i.ncruu {121}
Sorbate bilirubin and cholesterol. Reduced lipasq, ° .
Sorbic Acid 0.25% 3 Oral Rate Increase pancreatic juice and its protein content and all (121)
: ' its enzymes,
Potassium 0,25% 3 Oral Rats Increase pancreatic juice and its protein content Snd all .(lZl) _
Sorbate its enzymes.
- )

B
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Table2 - cont.
o _Duration :
Material _Dosage Monthg Route _Animal - Re-ulu Ref.
Sorbic Acid 10% in diet 3 Oral Mk F Liver homogenate oxygen consumption difference ligniﬂunt (95')
' : Albino Rats at 95% level, .
2Znd
generation
Sorbic Acid 10% in diet 3 Oral MLF Female controls, highest liver homogenate oxygen 9% -
) Albino Rats consumption, Treated M. & F, results almost identical. L.

Sorbic Acid 10% in diet Oral Albino Rats Higher liver weight to body weight. {95)
Sorbic Acid . 1-2% 21/2 Oral Albino Rats Larger liver. ' . {234)

‘ ‘ Male ' *
Sorbic Acid 40mg/kg/day 3.8 Oral Rats Some adverse growth, liver function, survival, hematology (417)

' and blood chemiatry; stress factors such as dietiry re-
strictions, low temperature and carbon tetrachloride.
Sorbic Acid 2,000 single dose Oral Rats Inhibited exocrine function of pancreas, ! {498)
Sorbic Acid 1,600 3 Oral Rats Inhibited exocrine function of pancreas. . .. . {498)
Sorbic Acid. : Stomach Rats Slight reduction of total protein content and chymotrypltﬁ {499)
Tube ) activity., Raised amylase and lipase activity.

Potassium Stomach Rats " Slight reduction of total protein content and chymotry'plin {499)
Sorbate Tube activity, Raised amylase and lipase activity.
Sorbic Acid Chronic - Stomach Rats . Increase all indices except chymoirypsin and lipase activity, {49§ )

4t
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positive factor was the preventiﬁn of the toxic effect of the anti-
biotic Nisin but this was at the expense of some of the benefits
.reaulting from the use of sorbic acid (193).

"“"Unequivocal proof' of the harmlessness of sorbic acid used as a
fungistat in foods is indicated by the acute toxicity data previously cited
and by the lack of adverse effects observed in rats and dogs fed a diet
containing up to 8% sorbic acid for 3 months. The same study showed a
definite toxicity of sodium benzoate at the B%IIevel {98). In a comparative

‘study of preservatives, it was clearly shown that sorbic acid was

.more desirable than other preservatives including sulfur dioxide.

Greater daily intakes of sorbic acid were determined to be acceptable
(256, 417). The United Kingdom has found sorbic acid acceptable for
their food regulations because of its low toxicity. Another advantage of
sorbic acid is the pfoduction of energy from its breakdown in the animal |
including man (256).

The safety of sorbic acid was again indicated in a 3-month
.atudy that showed no side effects. The mice tested were injected intra-
muscularly with 35 mg/kg/day aa.a 10% solution in alcohol of sorbic
‘acid, propyl sorbate, sorbyl alcohol, or sor.byl butyl ether (432).

Even when fed sorbic acid at the 10% level for 30-120 days, the
safety of sorbic acid in albino male and female rats in groups of 5 to 10
was evident. Food intake and reproduction were normai but there

was a somewhat higher growth rate and a higher liver to body weight
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ratio. Homogenates of the livers of the above male and female

albino rats fed 10% of sorbic acid in the diet consumed oxygen
normally with two exceptions. The female control rats had the
highest liver homogenate oxygen consumption while the oxygen

uptake was the same for the female and male treated rats. There
was a statistically significant difference at the 95% level in the oxygen
uptake of liver homogenates of the second generation mice in spite

of normal values in the parent generation (95).

Other studies showed enlarged livers with normal histology
in studies of male albino rats fed 1 to 2% of sorbic acid in their
rations for 212 months. This was accompanied by normal histo-
logy of the intestines and by a normal weight curve (234).

A single dose of 200 mg of sorbic acid and potassium sorbate
given to rats resulted in a reduction of bile secretions, biliary prétein
and sodium but the potassium remained unchanged. Those receiving
potassium sorbate had slightly elevated bilirubin, cholesterol, pan-
creatic juice, pancreatic protein, lipase and amylase, and a decreased
chymotrypsin activity (121). Extending the study by feeding rats 2 and 0. 25%
of sorbic aci.d and potassium sorbate in the diet for 3 months, produced no
vzrell defined changes in bile secretion or its protein level. In this part
of the test, both the sodium and potassium levels remained normal but
billirubin and cholesterol increased in the same study, Pancreatic
protein chymotrypsin and amylase were decreased in the 2% of sorbic

acid and potassium sorbate segment of the diet study. Potassium

-23-
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sorbate also reduced the lipase activity, Those rats fed the 0. 259

of sorbic acid and potassium sorbate, the pancreatic juice secretion,

its protein content, and the activity of all the enzymes were increased (121),
An unusual side effect of a 4-6 fold increase in phagocytosis of

staphylococcus was found in a 20-day test where sorbic acid was ad-

ministered as a 1% oily solution by mouth to guinea pigs (432).

IIl. Long Term Studies

Studies covering from 8 to 18 months show contradictory re-
sults when albino mice and rats were administered sorbic acid (193,
417). Though sorbic acid showed the least undesirable effects on
growth survival, and sﬁsceptibility to stress of the substances studied,
some adverse effects were noted on growth, survival, hematology,
blood chemistry, liver function. Similar re_sults were obtained when
stress factors such as dietary restriction, low temperature and ex-
posure to carbon tetrachloride (CC14} were considered. These mice
and rats were fed 40-80 mg /kg /day of sorbic acid for 17 to 18 months.
Reproduction in the mice and liver function in the rats also were
adversely effected (417).

Thé contradictory study shows that no toxic effects due to sorbic
acid were reported ﬁvhen weight gain, food consumption, survival rate
and the effects of stress were measured in 400 albino rats and 1900
mice administered the same dosage as above, 40-80 mg/kg /day of

sorbic acid for 8 to 18 months. This study also shows the positive
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effects of increased immunobiological activity and detoxification
function of the liver (193). Another positive effect was the pre-
vention of the toxic effect of the antib.iotic Nisin but this is at the
expense of part of the beneficial effect of sorbic acid (193, 417).
Similar feeding studies on 50 female and 50 male rats at 0.1 to
5% sorbic acid levels in the diet reinforced the above study in

reporting on toxic symptoms whatsoever for the parent and first

| generations. Provisional histological examination of 30 second

generation rats that received 5% sorbic acid in the diet for 252 da.ys-
showed no pathological findings (243).

Other chronic administration studies on rats with sorbic acid
show an increase in all indices measured except chymotrypsin
and lipase activity (499).

No carcinogenicity due to sorbic acid, its sodium, potassium
or calcium salts has been found in feeding studies. The only relevant
feeding data reported indicates that the incidence of carcinogenicity
was not increased over that of the 'contx:ols in 73 mice fed a continuas
diet of 0. 2% sorbic acid for 30 days before implantation of Erlich Ascites
éells. However, these mice tended to fatten. When sorbic acid was
combined with Nisin, the volume of Ascites fluid was lessened (105).
Sorbic acid was reported f:o be actively carcinogenic upon repeated bi-
weekly subcutaneous injections of 2 mg sorbic acid in 0.5 ml of arachis
oil into 6 male rats for 65 weeks and 97 weeks observation. The first
appearance of tumors was 81 weeks for the oil controls and 82 weeks for

sorbic acid. At that time only 3 of the control but all 6 of the test rats

-25.



were alive. This data combined with a 12-week longer observation
of the sorbic acid rats tends to invalidate any conclusion that the
5 test rats developing tumors was more significant than the 1 con-
trol rat developing tumors.

A possible inhibité'r of some engine exhaust‘carcinogens is
indicated in a report of the protection against the photodynamic injury

due to benzopyrene Tetrahymena pyriformis by sorbic acid. Other

antioxidants showed similar results which were also in direct
rélationship to their concentration {115), |

The many studies on -sorbic acid and potassium sorbate re-
porting no side effects or negative.results for specific tests are sum-
marized in Table 3. . No data on Long Term Studies of sodium and

calcium salts or sorbic acid was accessible in the available literature.
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NO ADVERSE SIDE EFFECTS !
Table 3 :
Duration Paramster .
Material Dosage Months Route Animal Sex & No. Observed Ref,
Sorbic Acid 35mg/kg/dayin) 3 i. m. Mice ‘Toxicity (432)
Sorbic Acid 40-80mg/kg/day 3-18 Oral Mice See table 2 (193}
Sorbic Acid 2% (b) 3 Oral Rats Bile secretion, its protein content, {121)
. sodium and potassium
Potassium 2% (b) 3 Oral Rats Bile secretion, its protein content, {121}
Sorbate ' sodium and potassium
Sorbic Acid 0, 25% (b) 3 Oral Rats Bile secretion, ita protein content, (121)
sodium and potassium
Potassium 0,25% (b) 3 Oral. Rats - Bile secretion, its protein content, (121)
Sorbate . sodium and potassium
Sorbic Acid . 1.2% {b) 21/2 Oral ‘Albino Rats  Male _ Histology liver, intestines and weight {234)
Sorbile Acid '1,200mg/kg/day 5 Oral Rats Pathclogy pancreas and liver {498)
"~ Sorbic Acid 10% (b) Oral ~ Albino Rats Food intake, growth reproduction {95)
Sorbic Acid 10% (b) Oral Albino Rats - Parent Oxygen uptake of liver homog'ena.tu 195}
’ ' MkF . .
) 1.
-, =

Lokl

sii»'at.

i
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Table 3 - cont.

Duration

} Parameter

* Material Dosage Months Route Animal Sex & No. Observed Ref,
Sorbic Acid 5% (b) Ozral Rats Metabolism essential fats (98)
Sorbic Acid 1,200mg/kg/day 3 Oral Rats Pathology pancreas and liver {498)
Sorbic Acid 5% (b) Dogs & Rats Essential fats. 198)
Sorbic Acid 5% (b) chronic Oral Dogs & Rats Toxicity (243)
Potassium 400.1, 000 Oral in Presumed Toxicity ) (594)
Sorbate & greater Juice, wine, human . .

mg/liter soft drinks

‘{a) 10% in alcohol, also pfopyl sorbate, sorbyl alcohol, and sorbyl butyl ether.

{b) of diet.



IV. Special Studies

As a part of other studies, the following important significant

findings have been elucidated:

¢ Test malé albino rats showed less storage in the liver
and increased excretion of vitamin A after the admin-
istration of carotene for 2, 4, and 6 weeks than did the
controls with the storage decrease most pronounced

after 2 weeks (234).

s Sorbic acid and sodium sorbate have been found to be

safe antiseptics and antifungal agents (2, :!).

» When 1% oily solution of sorbic acid and several of its
derivatives were administered orally to guinea pigs
for 20 days,a 4-6 fold phagocytosis of staphylococcus

gradually developed (432).

A biproduct of testing the action of sorbic and its sodium and
potassium salts as food preservatives has been the following pertinent

biochemical and microbiclogical information.

o Studies on intact microorganisms showed a pH
dependence of in vivo respiration and of cell per-
meability (34),

e Toxic action'directly related to sorbic acid dissociation (34).

e The production of ef:hyl ketones were found with studies

on Appergilius niger but the synthesis of citric and

poxalic acids were not influenced by sorbic acid (275).

gy X+
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No inhibitory effects on the germination of micro-

‘organisms were noted using a media containing

10 mg% sorbic acid and 30-50 mg% of aodium sorbate (41),

Larvae of Agria affinis showed that higher dosages of
potassium sorbate produced decreased growth rate, |

development, and survival (602).

The toxicity of the esters of sorbic acid was found to

" be gr"eéi:;r' than that of sorbic acid on microorganism

No

literature.

(491).

special studies on calcium sorbate were found in the available

N



Biochemical Aspects

I. Breakdown

None noted in available literature

II. Absorptipn - Distribution

None noted in available literature

III. Metabolism and Excretion

Thorough investigation of sorbic acid in all phases delineates
its metabolism to be identical in animals and human beings (256).

In rabbité fed sorbic acid, its salts and selected derivatives,
the urine yielded 0. 1% - 0. 2% of trans-trans muconic acid for sorbic
acid; methyl sorbate yielded no product, aﬁd ethyl sorbate yielded
0. 5% of trans-trans muconic acid., Sorbamide, sorbmethylamide

and sorbanilide were also studied (237). Small amounts of sorbic

acid have also been found in the urine of mice (481). Yet, when

‘fasting rats were fed equimolar amounts of aorbic,. caproic, and
butyric acids, an identical ketonuria was found (98).

In rats,. sorbic acid does not act as an anti-metabolite for
essential fats as there was no alteration in their levels observed

in these animals when fed 5% sorbic acid in the diet (98).

The appropriateness of sorbic acid to be used as a poultry feed was
based mainly on the availability of energy therefrom, its digestibility

and palatability, and the rate of mortality during testing (493),



The metabolic results of a group of enzyme studies on
bacteria and yeast cells tend to confirm the cellular breakdown
of sorbic acid and some of its salts to carbon dioxide and water

(92, 275).

- IV. Effects of Enzymes and Other Biochemical Parameters

When a diet containing glucose oxidase 0. 28 units /100 grams
or containing glucose oxidase and catalase 0.14 - 0. 28 units/100 grams
plus sorbic acid was fed _dail-y for 12 monthé to mice and rats, no dif-
ference was experienced between the test and control animals (36).

A study of sorbic acid on 400 albino rats and 1900 mice admin-
istered 40-80 mg/kg/day over a 3- to 18-month period showed in-
creased immunobiological activity and detoxification function of the
liver (193).

Manometric studies suggest that sorbate would competitively
combine with co-enzyme A and acetate, Cons equently, it would inhibit
the enzyme reaction relating to co-enzyme A; It is snggested that
the sorbate moiety of so-rbyl-co-enzyme A might be transferred to
the 4-amino radical of sulfanilamide enzymatically as does acetyl-co-
enzyme A. The sorbate being taken up in preference by co-enzyme A
may inhibit the enzyme reactions relating to co-enzyme A. Respiration
of the yeast cells was only slightly reduced in the presence of a high

concentration of co-enzyme A (169).
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and alcohol dehydrogenase were inhibited at the level of 10°

The enzymes aldolase and urease were not significantly
inhibited by sorbic acid in ficin but the sulfhydryl enzymes
4
moles per liter (482).

Phospho and other enzymatic systems in cell free yeast
extracts showed no inhibitory effect due to sorbic acid and/or
potaséium sorbate, Another study on cell free yeast extracts
shows that sorbic acid inhibits carbon dioxide production in some
sugars and 1, 6-diphospho and 3-phosphoglyceric acid (34), and
potassium sorbate decreases the uptake of'D-xylose due to the
inhibition of the energy supply necessary for metabolism (93).

The site of sorbic acid inhibition was between Z-phbsphog1yceric
acid and phosphoenolpyru\fate (92).

In the complex reactions of the inhibition of enolase by
sorbic acid, there is a dependence on the substrate and sorbic acid
concentrations (34,169). A dependence. of the permeability of yeast

cell on undissociated sorbic acid content has been shown to ipﬂuence

enolase inhibition (34).

Extensive growth studies of Procandida albicans in a sorbic acid

environment show a stronger inhibitory effect under anaerobic than
aerobic conditions.

The decreased inhibitory effects of sorbic acid on the growth
of yeast cells aerobically is attributed to the aerobic detoxification

of the sorbic acid by the yeast cells. Cysteine and glutathione increase

=33



the degree and duration of the inhibitory effects of sorbic acid by
dec'reasing the detoxification thereof. Potassium sorbate at 250 ppm
showed no difference in the anaerobic and aerobic activity (92).
Results of experiments on the enzyme polyphenoloxidase point
to the idea that it may be stabilized by sorbic acid attaching to the
apoferment (114}, |
Sorbic acid was not found to be oxidized'by catalytic aciton

of the blood {414).

V. Drug Interaction

When administered in conjunction with Nisin, the toxic effect.
of both compounds is reduced and the benefits of sorbic acid are reduced
(105, 193, 417). Fattening also occurs in mice with the co-.adminisl:rétion
of sorbic acid and Nisin (105). | No data as to drug interaction of the
.sodium, potassium and calcium sorbates was found in the available

literature,
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VI. Consumer Exposure Information

The total United States usage, in pounds, in 1970 as reported in

an NAS/FEMA study is:

Sorbic Acid Sodium Sorbate Potassium Sorbate Calcium Sorbate

903, 652 No reports : 1, 028, 960 No reports

A 1969 review comparing sorbic acid and sulfur dioxide reports Food Facts
and Household Food Consumption & Expenditures as indicating that sorbic
acid was already widely used in 1966. The potential human intake in mg/
day based on thé ounces/week or g/day aﬁd parts per. million of sorbic

acid consumed by an average person thusly reported are shown in Table 4,
The same article shows the unconditional maximum daily intake of sorbic
acid to be 750 mg/day for a 60 kg person, 12.5 mg/kg, and the conditional

maximum acceptable daily intake to be 1, 500 mg/day for the same

'person.- 25 mg /kg (256).

The level of usage in all sorbic acid and its sodium, potassium
and calcium salts ranges from 0, 003 to 0. 05% in foods (314a).

Reprints of survey data on the average usage, usual high usage
and maximum usage of sorbic acid and potassium sorbate are given

in Tables 5 and 6 (314b).

_2R _



. TABLE 4
Per Head '
Potential intake of Sorbic Acid in mg/day

" Sorbic Sorbic
. | J Food | Food Acid . Acid -
Food ozfwk g/day. ppm mg/day
Cheose | 338 129 ! to00 129
Preserves 298 |- 120 500 [
Dried fruits, nuts and nut and fruit
~ products 0-99 4.0 1000 4
Bread L ‘ Y 3847 156-4 2000 2217
T : ‘ : {on flour
: : wt. Le,
280
"= of bread
Cakes & pastries . ' 445 180 - 1000 ‘18
Pickles & Sauces 121 S0 4 1000 5
Frult juices (incl. weltare orange . . -
juice) ;s D54 22 - 600 1.3
Wine i 39 158 | 250 - 40 -
Fruit or fruit pulp for manufactunng . * . .
purposes 059 24 1500 3.8
Soft drinks ‘ 308 1247 180 - 20:0
TOTAL ' 2925
. 1] ; .
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__.._CDH_&EH‘HSJ!E SRAS SU‘VEY-::,,N&SI!'RC 1972, 10/02/72
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TALLE S ° PART & ~—— PCSSIELE DATLY INTAKES OF NAS APPENUI A SUDSTAKCES IGROUPS 1 € 15}, PER FCOD CATEGERY NG TCTAL cunnv.
BALSED QN _FOOD, .C."BSU?P.HE_L!LEJ*L__S_#.‘WLE -~ =
—“___s_[‘as'[[‘hcﬁ_mu‘ FQCD_C}Y_EEORV i ¥ ﬂf eSS NN ER SR RE FOSS!ELE DAILY !N.T!KE' PG et B ES SR EIND N
(SURVEY X0,) NOo NAME FIRMS TAGE) AVEAAGE “FIGE A HIGH € : e
- : - . .
SCRBIC ACID 01 BARED COCDSI(R] 13 €=5 HO. -5C2340 1.194300 -~ WP ELLD)
NAS G211 6-11 #C. 6.741160 13,747720 1C.53244C
- 1273 FO.____ 14,4643C0 23,832920_ 22.812700 :
T 2-Ene Y. 1¢.4128EC 54 0BS5S0 T £T.43192C .
SCRAIC ACID "04 FATS DILS(R) % .C-5 MD. L21555¢ L275550 L215550
Ka§ 0211 : &-11 PO. 1.543C80 4,123250 1.543GE0
12-23_¥Ca_____ 3.4719%0_______ 6.6}32C0 3,471930
2-05+ YRa 9.£44250 11.414 106 o ihA230
[ e h .
— L EORZ1L. AZID 0s_ MILK _PACCSIRY % €% Py 0321300 .. #2370C0 Le2t3ten
NAS £211 6=11 PO 3.712 00 17.955650 §,.C27200
12-23 5C. 3.242750 1C. 374460 3.545750
2654 YRa____ . 2350250 F.VISFCO____ 2.3E72%5¢
SCROIC ACID 06 CHEESELR) : § -5 MU,  SNeRisndiecs J147CR0  wssasttaneevy
. — e XAS. 6211 6-11 Mo L 3.673160 ____ ___ 14.265700 5.12162¢ :
T12-23 KU 11.472240 —— 37.£51700 14.755620 .
_ 2-654 Yie 13.225520 34,71CHAC 17.23C2L0
- ———— v e——— - o, - m e e Ap————— - - . -
. CORBIC ACLD 07 FROIN CAIRY{R) 68 H. Licoece ~410500 L12C083
NAS c21t ' &1t #0, 50000 2.4400%3 1.1500C0
1223 MCa___1  1a44CGCO_ 3,360000 1.72¢000
2654 Yda 2.56C0C0 6.17CCC6 1,072000
——_SCRBIZ ACID u_.rnccso_vwsm______c—~ MCe _ .. _+36E9CQ 1.104T00 _ +385740
HAS €211 6-11 Pfo d.304CC0 1470000 13:4C0
12-23 MG 1C. 276580 17.2C4550 10.25495¢
2m0 5t Wiaoe 2229060 BTLTIU260____ 22.64%5C7
s:p2i AC1D 15 CONCS RELSFIR) * -5 NC.  $SeSsaisusee JCICCO0  sehssssrisbes
. NAS_€211 6-11 . L _.BCCCO 228000 L4CECCO .
b 12-23 k0. .26C0C0 LT66C0Q f.4vcCeo .
, _ 2-£5¢ YR LPECCEO 2.120000 4.4TCCCO <
SCREIC ACID 18 SOFT CANDYIR) & T -4 0. BERI1IT) 28.CCd000 “2.BCCCCT
NAS €211 6-11 MO, 30 ECCCOC §5,205050 26.0C5000
12-23 #0,_ 45.C00C08 13¢.2(C000 4§.0CCEED
_ ‘2-£% 1R E1.20CLCD BRhaALLLCE T T E1.26CC03
sORe1C.AC1Q 17 _COKF._EROSY{RD » o5 MO, COIRNERL I eI AN LOLE000  Aredsiierasts
NAS 0211 i 6~11 *C. .ccscco «C10G90 CILLCS
12-23 FC. .C1EC00 .C3500C LG2ECCD
2-654 R, _.01:CC0 «C4C000 .£3c6e0
S0001C ECIC 18  JAN JELLYIR} £ =5 MO, SANREEIMILRS L15662 P T
NAS_ Q21 i ‘ E=11 KO, 2,35(CC0 11. 15-..,50 6.7700C3
12-23 #G, toucocee 5.6CC000 3,6RC000C
2-65+ YR. 2.85LCC0 E.E5C0C0 5,70LCCCO
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i 8ASED CN_EDCLCONSUMOLION AY JOTAL SAMPLE .= =z,
e SUES TANCE NAME FOCE_CATEGCRY . B _DE__ utnumu.u q.su.!.’!._a.s.iul.ﬁ_mlLx_muui._r.ﬁ.__““""""" :
{SURVFY KCa} NG, NAME FIRNS tACE) IVERAGE HIGH G
SOR51C ACI0 19 TSWEET SAUCELRY & €5 kUL "'.’i"zenc Lie5530 V256330
NES O211 &~1% MO. 417510 1.433090 «TT4590
12-23_ME, 1.206140 3.523040C 2.23286C
. 285+ YR 3.154%20 €.3C2510 L ESELET
— Sop8lg atlD 20 GEL".L_.?.uc_l&L._____ =5 PCa sCLERACO =CCO1%0 «C07200
HAS 211 &-11 ¥, La2520 +131920 LCALTEO
12-23 FC. C4L520 114220 C45LED
e 2-L5+ YH,. = C6834C «1745C0 =C73440
~ SpRTIL 2CI0 23 8BV TYPE 1iR} . o~% MC. EIT 2002368 LCOL240
—— e NAS_C1) : _e=1Y FCe «CC22T0 L2070 LEL227G
. : 12-23 0. «CU5420 016250 +LEeER20
‘ 2-¢5+ YA, «C1C4CE 827770 010400
SURSIC ACTD . 27 GRAVIES(R) T C=5 ho. . ee7640 <261120 ~oiz2ieco
XaS €211 &-1) VG« 1.217566 3.36454C 1.7G24CH
e e o e — 12-23 Moo 1, 3132440 RLETICLQ L %.2TT4C0
A =84+ YO, T ¥.224320 18.5%39520 16.C92800
—————R4EE ACID 28 _IMIT CAIRYIRY . ¥ __  C-9 KD, | __,_-tCccen o ~CCENDO_ e eefiaistvs
NAS O/211 6=11 Mi. . P {3 4 1Y l.15CG00 [IIYIZEITINETY
12-23 ¥C. L4LLCLD 1.7ccce8 SERLITERNAR RS
=65+ _Ya, ~45CCCO L21SC000 _ sataoeiiieive
SERBIC ACID ALL CATEGORIES 28 £-5 ¢, 5.0C1360 31.592850 5.7254C0
e NS G201 sresesnacodeed k=11 MC. ___ 99.855C40 AEC.162020 $9.29E470
. weess LAIREI SO 12-22 ¥Ua $L.945L40 TR4H.ESCAGA T L18L.TILALS
FTIIT IR TPV Y) 2=C5+ YR, 183.044c00 442,5CHES 220370526
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