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FOREWORD

The National Toxicology Program (NTP) is an interagency program within the Public Health Service (PHS) of the
Department of Health and Human Services (HHS) and is headquartered at the National Institute of Environmental
Health Sciences of the National Institutes of Health (NIEHS/NIH). Three agencies contribute resources to the
program: NIEHS/NIH, the National Institute for Occupational Safety and Health of the Centers for Disease Control
and Prevention (NIOSH/CDC), and the National Center for Toxicological Research of the Food and Drug
Administration (NCTR/FDA). Established in 1978, the NTP is charged with coordinating toxicological testing
activities, strengthening the science base in toxicology, developing and validating improved testing methods, and
providing information about potentially toxic substances to health regulatory and research agencies, scientific and
medical communities, and the public.

The Technical Report series began in 1976 with carcinogenesis studies conducted by the National Cancer Institute.
In 1981, this bioassay program was transferred to the NTP. The studies described in the Technical Report series are
designed and conducted to characterize and evaluate the toxicologic potential, including carcinogenic activity, of
selected substances in laboratory animals (usually two species, rats and mice). Substances selected for NTP toxicity
and carcinogenicity studies are chosen primarily on the basis of human exposure, level of production, and chemical
structure. The interpretive conclusions presented in NTP Technical Reports are based only on the results of these
NTP studies. Extrapolation of these results to other species, including characterization of hazards and risks to
humans, requires analyses beyond the intent of these reports. Selection per se is not an indicator of a substance’s
carcinogenic potential.

The NTP conducts its studies in compliance with its laboratory health and safety guidelines and FDA Good
Laboratory Practice Regulations and must meet or exceed all applicable federal, state, and local health and safety
regulations. Animal care and use are in accordance with the Public Health Service Policy on Humane Care and Use
of Animals. Studies are subjected to retrospective quality assurance audits before being presented for public review.

NTP Technical Reports are indexed in the NIH/NLM PubMed database and are available free of charge
electronically on the NTP website (http://ntp.niehs.nih.gov) or in hardcopy upon request from the NTP Central Data
Management group at cdm@niehs.nih.gov or (919) 541-3419.

ERRATUM

An error was identified in the NTP Technical Report on Aloe vera (TR 577). On the cover and title page there was
an error in the description of the compound. The compound was "nondecolorized” whole leaf extract and not
"noncolorized" whole leaf extract as stated originally in the report. This error has been corrected in the PDF version
of this report. [August 1, 2014]
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SUMMARY

Background

Extracts from the leaves of the Aloe vera plant (Aloe barbadensis Miller) have long been used as herbal remedies
and are also how promoted as a dietary supplement, in liquid tonics, powders or tablets, as a laxative and to prevent
a variety of illnesses. We studied the effects of Aloe vera extract on rats and mice to identify potential toxic or
cancer-related hazards.

Methods

We gave solutions of nondecolorized extracts of Aloe vera leaves in the drinking water to groups of rats and mice
for 2 years. Groups of 48 rats received solutions containing 0.5%, 1% or 1.5% of Aloe vera extract in the drinking
water, and groups of mice received solutions containing 1%, 2%, or 3% of Aloe vera extract. Similar groups of
animals were given plain drinking water and served as the control groups. At the end of the study tissues from more
than 40 sites were examined for every animal.

Results

In all groups of rats and mice receiving the Aloe vera extract, the rates of hyperplasia in the large intestine were
markedly increased compared to the control animals. There were also increases in hyperplasia in the small intestine
in rats receiving the Aloe vera extract, increases in hyperplasia of the stomach in male and female rats and female
mice receiving the Aloe vera extract, and increases in hyperplasia of the mesenteric lymph nodes in male and female
rats and male mice receiving the Aloe vera extract. In addition, cancers of the large intestine occurred in male and
female rats given the Aloe vera extract, though none had been seen in the control groups of rats for this and other
studies at this laboratory.

Conclusions

We conclude that nondecolorized Aloe vera caused cancers of the large intestine in male and female rats and also
caused hyperplasia of the large intestine, small intestine, stomach, and lymph nodes in male and female rats. Aloe
vera extract also caused hyperplasia of the large intestine in male and female mice and hyperplasia of the mesenteric
lymph node in male mice and hyperplasia of the stomach in female mice.



ABSTRACT

Aloe barbadensis Miller, Aloe vera, has enjoyed a long
history of lay acceptance as an herbal remedy and is
perhaps the most popular herbal remedy in use today.
In recent times, the oral consumption of Aloe vera has
been promoted as a prophylaxis and treatment to
alleviate a variety of unrelated systemic conditions. The
National Cancer Institute nominated Aloe vera for study
under the National Toxicology Program, because of its
widespread human exposure and because components in
Aloe vera may possess tumor-promoting activities.
Male and female F344/N rats and B6C3F1 mice were
exposed to freeze dried (max. 6% moisture) and
gamma-irradiated extracts of Aloe vera plant leaves in
drinking water for 14 days, 13 weeks, or 2 years.

14-DAY STUDY IN RATS

Groups of four male and four female F344/N rats were
administered Aloe vera gel, Aloe vera nondecolorized
whole leaf, or Aloe vera decolorized whole leaf extracts
in drinking water at concentrations of 0, 0.5%, 1.0%,
1.5%, 2.0%, or 3.0% (wt/wt) for a period of 14 days.
Rats were 7 weeks of age at the start of the dosed water
treatment. All rats survived until the end of the study,
and no nonneoplastic lesions were observed. The
content of malic acid and aloin A were monitored
throughout the study as markers for stability and dose
certifications of the Aloe vera extracts.

Aloe vera gel. The bulk Aloe vera gel extract test
material had a malic acid content of 116 to 212 mg/g
and an aloin A content of 1.1 to 1.4 mg/g. Mean body
weights, body weight gains, water consumption, feed
consumption, organ weights, and gastrointestinal transit
times of exposed rats were similar to those of controls.
Dose-related increases in urine glucose levels were
observed in female rats. Serum levels of triglycerides,
cholesterol, and albumin showed dose-related
decreasing trends, and triglyceride levels were
significantly lower than controls at Aloe vera gel
concentrations of 1.5%, 2.0% in female rats and of 3.0%
in male and female rats.

Aloe vera decolorized whole leaf. The bulk Aloe vera
decolorized whole leaf extract test material had a malic
acid content of 215 to 258 mg/g and the aloin A content
was 0.06 to 0.2 mg/g. Mean body weights, water

consumption, feed consumption, and organ weights,
urine chemistry, and gastrointestinal transit times of
exposed rats were similar to those of controls.
Hematology and clinical chemistry values were similar
to controls, with the exception of significantly lower
blood urea nitrogen levels in female rats exposed 1.5%,
2.0%, and 3.0% levels of Aloe vera decolorized whole
leaf extract.

Aloe vera nondecolorized whole leaf. The bulk Aloe
vera nondecolorized whole leaf extract test material had
a malic acid content of 188 to 197 mg/g and an aloin A
content of 14.1 to 15.9 mg/g. The final mean body
weights and body weight gains of rats in the 3.0% Aloe
vera whole leaf groups were significantly less than those
of controls; final mean body weights relative to controls
were 79% in males and 81% in females. Water
consumption by 3% Aloe vera whole leaf female rats
and feed consumption by males exposed to 3.0% Aloe
vera whole leaf extract were significantly less than those
of controls. The liver, heart, spleen, thymus, and kidney
weights of males and females exposed to 3.0% Aloe
vera whole leaf extract were less than those of controls.
Gastrointestinal tract transit times were shorter and
urine volumes in male and female rats exposed to
3.0% Aloe vera whole leaf extract were lower than
those of controls. Leukocyte and erythrocyte counts
and hematocrit percentages were significantly elevated
in male and female rats exposed to 3.0% Aloe vera
whole leaf extract and creatinine and creatinine kinase
values of 3.0% male rats were lower than control
values.

14-DAY STUDY IN MICE

Groups of four male and four female B6C3F1 mice
were administered Aloe vera gel, Aloe vera decolorized
whole leaf, or Aloe vera nondecolorized whole leaf
extracts in drinking water at concentrations of 0, 0.5%,
1.0%, 1.5%, 2.0%, or 3.0% (wt/wt) for a period of
14 days. Mice were 7 weeks of age at the start of the
dosed water treatment. All mice survived until the end
of the study, and no nonneoplastic lesions were
observed by histopathology.

Aloe vera gel. The bulk Aloe vera gel extract test was
identical to that used in the 14-day study in rats. Mean



body weights, body weight gains, water consumption,
feed consumption, organ weights, hematology, clinical
chemistry, urine chemistry, and gastrointestinal transit
times of exposed male and female mice were similar to
those of controls.

Aloe vera decolorized whole leaf. The bulk Aloe vera
decolorized whole leaf extract test material was
identical to that used in the 14-day study in rats. Mean
body weights, body weight gains, water consumption,
feed consumption, organ weights, hematology, clinical
chemistry, and urine chemistry, and gastrointestinal
transit values of male and female mice were similar to
controls.

Aloe vera nondecolorized whole leaf. The bulk Aloe
vera nondecolorized whole leaf extract test material was
identical to that used in the 14-day study in rats. Mean
body weights, body weight gains, feed consumption,
organ weights, hematology, clinical chemistry, urine
chemistry, and gastrointestinal transit values of exposed
male and female mice were similar to those of controls.
Water consumption by male and female mice showed
significant dose-related increasing trends, and water
consumption was significantly higher than that by
controls for female mice that received the 2.0% Aloe
vera nondecolorized whole leaf.

13-WEEK STUDY IN RATS

Groups of 12 male and 12 female F344/N rats were
administered Aloe vera nondecolorized whole leaf
extract in drinking water at concentrations of 0, 1%, 2%,
or 3% (wt/wt) for a period of 13 weeks. The bulk Aloe
vera nondecolorized whole leaf extract test material had
a malic acid content of 170.7 to 192.9 mg/g and an aloin
A content of 12.6 to 14.4 mg/g.

Two male and four female rats in the 2.0% and five
male and eight female rats in the 3.0% Aloe vera
nondecolorized whole leaf extract groups died or were
removed due to morbidity before the end of the study.
Final mean body weights and body weight gains of
exposed male and female rats were significantly less
than those of controls; final mean body weights of
3.0% Aloe vera whole leaf exposed groups were 71.8%
of control levels for males and 77.4% of control levels
for females. Water consumption by exposed male rats
was higher than those of controls. Mean water
consumption of 3% males was approximately twofold
higher than that of controls. Average daily doses of
Aloe vera whole leaf extract over the course of the study
were 1.1, 2.7, and 3.8 g/kg body weight for male rats
and 1.3, 4.0, and 3.2 g/kg body weight for female rats.
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Volumes of 24-hour urine collections of male and
female rats exposed to 2% Aloe vera nondecolorized
whole leaf extract were significantly lower than those of
controls, and urine creatinine and glucose levels were
depressed. Decreased gastrointestinal transit times were
observed in Aloe vera nondecolorized whole leaf
exposed male and female rats; 2% male and female
transit times were 4.3 and 6.2 hours, respectively,
compared to 11.5 and 11.0 hours for control male and
female rats, respectively. Hematology values for
leukocyte counts, neutrophil percent, and erythrocyte
counts were significantly elevated in male and female
rats when compared to controls, and cholesterol and
albumin levels were lower than those of controls.
Absolute organ weights for brain, liver, heart, spleen,
and thymus of rats exposed to 2% and 3% Aloe vera
nondecolorized whole leaf extract were significantly
less than those of controls. The incidences and
severities of goblet cell hyperplasia in the large intestine
of male and female rats exposed to Aloe vera whole leaf
extract were increased compared to controls. There
were no incidences of goblet cell hyperplasia of the
large intestine in control male rats and an incidence of
one (1/12, 8.3%) in the cecum of control female rats;
incidences were 100% for male and female rats treated
with the 2% or 3% Aloe nondecolorized whole leaf
extract.

13-WEEK STUDY IN MICE

Groups of 12 male and 12 female B6C3F1 mice
were administered Aloe vera nondecolorized whole
leaf extract in drinking water at concentrations of 0, 1%,
2%, or 3% (wt/wt) for a period of 13 weeks. The bulk
Aloe vera nondecolorized whole leaf extract test
material was identical to that used in the 13-week study
in rats.

All mice survived until the end of the study. Mean body
weights of exposed groups were similar to those of
controls. Water consumption by female mice exposed
to Aloe vera nondecolorized whole leaf extract was
significantly higher than that of controls. Average daily
doses of Aloe vera nondecolorized whole leaf extract
over the course of the study were 3.7, 7.3, and 9.1 g/kg
body weight for male mice and 3.7, 7.6, and 9.5 g/kg
body weight for female rats. Gastrointestinal transit
times of exposed 3% mice were similar to those of
controls. Significant increases in 24 hour urine levels of
creatinine and micro protein were observed compared to
those of controls. The incidences and severities of
goblet cell hyperplasia in the cecum and large intestine
of male and female mice exposed to Aloe vera whole
leaf extract were increased compared to controls.
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2-YEAR STUDY IN RATS

Groups of 48 male and 48 female F344/N rats were
administered Aloe vera nondecolorized whole leaf
extract at concentrations of 0, 0.5%, 1.0%, or 1.5%
(wt/wt) in drinking water. The bulk Aloe vera
nondecolorized whole leaf extract test material had a
malic acid content of 186 to 203 mg/g and an aloin A
content of 5.7 to 7.2 mg/g.

Survival of all exposed groups of male rats was
generally similar to that of controls. Reduced survival
was observed for the 1.5% female dose group. Mean
body weight gains of 1.5% groups of exposed female
rats were less than that of the control group.
Significantly lower feed consumption was observed for
the 1.5% Aloe vera nondecolorized whole leaf extract
treatment groups of male and female rats when
compared to those of controls; daily feed consumptions
over the 104 week study were approximately 90% of
control levels. Water consumptions by male rats
exposed to 1.0% and by male and female rats exposed
to 1.5% Aloe vera nondecolorized whole leaf extract
were significantly higher than those of controls. Mean
daily water consumptions of 1.0% and 1.5% male rats in
the 104 week study were 27 and 31 g, respectively for
males; mean daily water consumption of male control
rats was 22 g.

Treatment-related neoplasms and nonneoplastic lesions
that occurred in the rat were primarily in the large
intestine. Incidences of carcinomas of the ascending
colon in 1.5% Aloe vera nondecolorized whole leaf
extract groups of male rats were higher than that
of controls. The incidences of adenomas of the
proximal colon in 1.0% and 1.5% groups of male and
1.5% group of female rats were higher than that in
controls.  Incidences of adenomas of the transverse
colon in 1.0% male rats were higher than those in the
control groups. The incidences of all adenomas, all
carcinomas, or the combined incidences of adenomas
and carcinomas of the proximal, cecum, ascending, and
transverse colon were significantly higher in the 1.0%
and 1.5% groups than those of controls in both male and
female rats. Incidences of adenoma or carcinoma
combined were 17% and 31% in female rat 1.0% and
1.5% Aloe vera nondecolorized whole leaf extract
groups, respectively, and 58% and 65% in male rat
1.0% and 1.5% Aloe vera whole leaf extract groups,
respectively. Neoplasms of the large intestine were not
observed in control animals.

In male and female rats exposed to Aloe vera whole leaf
extract, dose-related incidences of mucosal hyperplasia

of the proximal colon, cecum, ascending, transverse,
and descending colon sites were significantly higher
than those in controls. The incidences of cystic
mesenteric lymph node degeneration and cecal
dilatation were higher in the 1.0% and 1.5% Aloe vera
nondecolorized whole leaf extract groups of male and
female rats than those in controls.

2-YEAR STUDY IN MICE

Groups of 48 male and 48 female B6C3F1 mice
were administered Aloe vera nondecolorized whole
leaf extract at concentrations of 0, 1.0%, 2.0%, or
3.0% (wt/wt) in drinking water for 2 years. The bulk
Aloe vera nondecolorized whole leaf extract test
material was identical to that used in the 2-year study in
rats.

Survival of all exposed groups was similar to that of
controls. Mean body weight gains of male mice
were less than that of controls, but ranged from 93% to
95% of control body weights. Feed consumption by
2.0% and 3.0% Aloe vera nondecolorized whole leaf
extract mouse groups was higher than that by controls.
Polydipsia was pronounced in both sexes administered
the Aloe vera nondecolorized whole leaf extract, and
water consumption by male and female mice exposed to
Aloe vera nondecolorized whole leaf extract ranged
from approximately 150% to 260% of control levels
and equated to average daily doses of 2.5 to 11 g of
Aloe vera nondecolorized whole leaf extract/kg body
weight.

There were no significant increased incidences of
neoplasms in mice in response to the Aloe vera
nondecolorized whole leaf extract treatment in the
drinking water. Treatment related increasing trends in
the incidences of goblet cell hyperplasia were observed
in the colons of male and female mice. The significance
of this finding is uncertain.

GENETIC TOXICITY

Three types of Aloe vera formulations were tested for
mutagenicity in bacterial test systems employing a
variety of different strains, with and without induced
rat or hamster liver exogenous metabolic activation
enzymes. The three formulations were Aloe vera gel,
Aloe vera whole leaf extract (native), and Aloe vera
charcoal filtered whole leaf extract. None of the three
formulations showed any evidence of mutagenicity in
bacteria, and none were cytotoxic when tested up to the
limit dose of the assay.
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CONCLUSIONS

Under the conditions of these 2-year studies, there was
clear evidence of carcinogenic activity* of a
nondecolorized whole leaf extract of Aloe vera in male
and female F344/N rats based upon increased
incidences of adenomas and carcinomas of the large
intestine.

There was no evidence of carcinogenic activity in male
and female B6C3F1 mice exposed to 1%, 2%, or

Aloe vera, NTP TR 577

3% (wt/wt) of Aloe vera nondecolorized whole leaf
extract in drinking water.

Exposure to a nondecolorized whole leaf extract of Aloe
vera resulted in increased incidences of nonneoplastic
lesions of the large intestine in male and female rats and
mice, the small intestine in male and female rats, the
stomach in male and female rats and female mice, the
mesenteric lymph nodes in male and female rats and
male mice, and the nose in male mice.

*  Explanation of Levels of Evidence of Carcinogenic Activity is on page 13. A summary of the Peer Review Panel comments and the

public discussion on this Technical Report appears on page 15.
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Summary of the 2-Year Carcinogenesis Study of Aloe vera
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Male
F344/N Rats

Female
F344/N Rats

Male
B6C3F1 Mice

Female
B6C3F1 Mice

Doses in drinking
water

Body weights

Survival rates

Nonneoplastic effects

0,0.5,1.0, or 1.5%

All exposed groups
remained within 10% of
controls

15/38, 17/48, 19/48, 15/48
M esenteric lymph node:

0,05, 1.0, or 1.5%

1.0% group 10% less than
controls after week 100
and 14% less than controls
by week 104; and 1.5%
group 14% less than
controls and 20% less than
controls by week 104

30/48, 31/48, 24/48, 20/48
Mesenteric lymph node:

0, 1.0, 2.0, or 3.0%

All exposed groups
remained within 10% of
contrals.

31/48, 28/47, 21/48, 28/48
Mesenteric lymph node:

0, 1.0, 2.0, or 3.0%

All exposed groups
remained within 10% of
contrals.

35/47, 30/48, 36/48, 34/48
Glandular stomach:

hyperplasia (0/47, 0/48,
1/48, 4/48); cystic
degeneration (8/47, 11/48,
42/48, 41/48);

Glandular stomach:
mucosa hyperplasia (1/48,
12/47, 7/48, 11/48)

Small intestine: jejunum
mucosa hyperplasia (0/45,
1/44, 2/46, 3/46)

Large intestine: proximal
colon mucosa hyperplasia
(0/44, 29/44, 36/46,
32/41); cecum mucosa
hyperplasia (0/46, 13/45,
24/48, 25/48); ascending
colon mucosa hyperplasia
(0/47, 30/147, 38/48,
32/46); transverse colon
mucosa hyperplasia (0/47,
30/47, 42/47, 34147);
descending colon mucosa
hyperplasia (0/47, 17/46,
31/46, 30/47); colon
mucosa hyperplasia (0/0,
/1, 1/3, 4/5); rectum
mucosa hyperplasia (0/47,
1/47, 1/48, 4/48); cecum
dilatation (1/46, 0/45,
8/48, 17/48);

hyperplasia (0/46, 2/47,
2/48, 3/47); cystic
degeneration (0/46, 16/47,
40/48, 43/47);

Glandular stomach:
mucosa hyperplasia (0/48,
1/48, 3/48, 3/48);
forestomach inflammation
(0/48, 0/48, 4/48, 3/48);
forestomach hyperplasia
(1/48, 7/48, 10/48, 9/48)

Small intestine: ileum
mucosa hyperplasia (0/47,
2/48, 2/43, 6/44)

Largeintestine: proximal
colon mucosa hyperplasia
(0/43, 30/45, 33/42,
32/39); cecum mucosa
hyperplasia (0/47, 4/48,
17/47, 27/48); ascending
colon mucosa hyperplasia
(0/47, 40/48, 35/46,
39/46); transverse colon
mucosa hyperplasia (0/47,
40/48, 33/46, 42/46);
descending colon mucosa
hyperplasia (0/47, 17/48,
18/46, 27/47); rectum
mucosa hyperplasia (0/48,
0/48, 0/47, 5/47); cecum
dilatation (0/47, 0/48,
9/47, 25/48); proximal
colon inflammation (0/43,
2/45, 11/42, 8/39);

cellular infiltration (0/48,
1/45, 4/45, 6/43)

Large intestine: ascending
colon, goblet cell

hyperplasia (2/47, 16/44,
20/45, 19/42); transverse
colon goblet cell
hyperplasia (4/47, 14/44,
21/45, 22/43); descending
colon, goblet cell
hyperplasia (0/47, 7/44,
12/45, 17/43);

Nose: hyaline droplet
(6/48, 31/47, 39/47, 13/47)

epithelial hyperplasia
(0/43, 1/44, 3/45, 4142)

Large intestine: ascending
colon, goblet cell

hyperplasia (1/43, 15/43,
20/44, 25/43); transverse
colon, goblet cell
hyperplasia (2/42, 18/42,
23/44, 26/43); descending
colon, goblet cell
hyperplasia (0/43, 4/43,
7144, 17/43);
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Male Female Male Female
F344/N Rats F344/N Rats B6C3F1 Mice B6C3F1 Mice
Neoplastic effects Largeintestine: proximal Largeintestine: proximal None None
colon adenoma (0/44, colon adenoma (0/43,
0/44, 7/46, 10/41), 0/45, 4/42, 5/39); proximal
proximal colon carcinoma  colon carcinoma (0/43,
(0/44, 0/44, 4/46, 4/41); 0/45, 2/42, 4/39); cecum
cecum adenoma (0/46, adenoma (0/47, 0/48, 1/47,
0/45, 8/48, 8/48); cecum 6/48); ascending colon
carcinoma (0/46, 0/45, adenoma (0/47, 0/48, 1/46,
1/48, 2/48); ascending 5/46); adenoma (0/48,
colon adenoma (0/47, 0/48, 6/48, 13/48);
0/47, 19/48, 8/46); carcinoma (0/48, 0/48,
ascending colon 3/48, 4/48);
carcinoma (0/47, 0/47, Adenoma and carcinoma
4/48, 8/46); combined (0/48, 0/48,
transverse colon adenoma 8/48, 15/48)
(0/47, 0/47, 6/47, 3/47);
transverse colon
carcinoma (0/47, 0/47,
1/47, 1/47); adenoma
(0/47, 0/48, 26/48, 23/48);
carcinoma (0/47, 0/48,
10/48, 14/48); Adenoma
and carcinoma combined
(0/47, 0/48, 28/48, 31/48)
Level of evidence of Clear evidence Clear evidence No evidence No evidence

carcinogenic activity
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evidence for
conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of neoplasia than control animals,
do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of conditions.
Positive results demonstrate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate that exposure to
the chemical has the potential for hazard to humans. Other organizations, such as the International Agency for Research on Cancer, assign a
strength of evidence for conclusions based on an examination of all available evidence, including animal studies such as those conducted by the
NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be
carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of evidence observed in
each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain findings (equivocal
evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be evaluated because of major
flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983 and then revised on March 1986 for use
in the Technical Report series to incorporate more specifically the concept of actual weight of evidence of carcinogenic activity. For each
separate experiment (male rats, female rats, male mice, female mice), one of the following five categories is selected to describe the findings.
These categories refer to the strength of the experimental evidence and not to potency or mechanism.

= Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related (i) increase of
malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of benign
neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

= Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related increased
incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required for clear
evidence.

= Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase of
neoplasms that may be chemical related.

= No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related increases in
malignant or benign neoplasms.

= Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative limitations,
cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

For studies showing multiple chemical-related neoplastic effects that if considered individually would be assigned to different levels of evidence
categories, the following convention has been adopted to convey completely the study results. In a study with clear evidence of carcinogenic
activity at some tissue sites, other responses that alone might be deemed some evidence are indicated as “were also related” to chemical exposure.
In studies with clear or some evidence of carcinogenic activity, other responses that alone might be termed equivocal evidence are indicated as
“may have been” related to chemical exposure.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the actual
boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and current
understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline between
two adjacent levels. These considerations should include:

adequacy of the experimental design and conduct;

occurrence of common versus uncommon neoplasia;

progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is impossible
to identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to assume that
benign neoplasms of those types have the potential to become malignant;

combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ or tissue;

latency in tumor induction;

multiplicity in site-specific neoplasia;

metastases;

supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or other experiments (same lesion in
another sex or species);

presence or absence of dose relationships;

statistical significance of the observed tumor increase;

concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

survival-adjusted analyses and false positive or false negative concerns;

structure-activity correlations; and

in some cases, genetic toxicology.
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PEER REVIEW PANEL

The members of the Technical Reports Peer Review Panel who evaluated the draft NTP Technical Report on Aloe veraon April 5, 2011, are
listed below. Subcommittee members serve as independent scientists, not as representatives of any institution, company, or governmental
agency. In this capacity, subcommittee members have five major responsibilities in reviewing the NTP studies:

John Cullen, V.D.M., Ph.D., D.A.C.V.P, Chairperson
College of Veterinary Medicine
North Carolina State University
Raleigh, NC

Lucy M. Anderson, Ph.D., Consultant
Catonsville, MD

Norman J. Barlow, D.V.M., M.B.A., M.L.D., Ph.D.,
Primary Reviewer
Preclinical Safety
Sanofi-aventis
Bridgewater, NJ

Diane F. Birt, Ph.D., Primary Reviewer
Department of Food Science and Human Nutrition
lowa State University
Ames, I1A

Wendy J. Heiger-Bernays, Ph.D.
Department of Environmental Health
Boston University School of Public Health
Boston, MA

* Did not attend

to ascertain that all relevant literature data have been adequately cited and interpreted,

to determineif the design and conditions of the NTP studies were appropriate,

to ensure that the Technical Report presents the experimental results and conclusions fully and clearly,
to judge the significance of the experimental results by scientific criteria, and

to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.

James E. Klaunig, Ph.D.*
Department of Environmental Health
Indiana University
Indianapolis, IN

Mark S. Miller, M.A., M.Phil., Ph.D., Primary Reviewer
School of Medicine
Wake Forest University
Winston-Salem, NC

Arlin B. Rogers, D.V.M., Ph.D., Primary Reviewer
Lineberger Comprehensive Cancer Center
University of North Carolina at Chapel Hill
Chapel Hill, NC
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SUMMARY OF PEER REVIEW PANEL COMMENTS

On April 5, 2011, the draft Technical Report on the
toxicology and carcinogenesis studies of a
nondecolorized whole leaf extract of Aloe barbadensis
Miller (Aloe vera) received public review by the
National Toxicology Program’s Technical Report Peer
Review Panel. The review meeting was held at the
National Institute of Environmental Health Sciences,
Research Triangle Park, NC.

Dr. M.D. Boudreau, NCTR, briefed the panel on the
toxicology and carcinogenesis drinking water studies of
a nondecolorized whole leaf extract of Aloe barbadensis
Miller in F344/N rats and B6C3F1 mice. She noted that
Aloe vera is a frequently used synonym for the plant.
Dr. Boudreau said that the nondecolorized whole leaf
extract was selected for study because it contains all of
the Aloe vera whole plant constituents; the decolorized
whole leaf extracts are used in many Aloe vera-
containing beverages.

The proposed conclusions were clear evidence of
carcinogenic activity of a nondecolorized whole leaf
extract of Aloe vera in male and female F344/N rats
based upon increased incidences of adenomas and
carcinomas of the large intestine, and no evidence of
carcinogenic activity in male and female B6C3F1 mice
exposed to 1%, 2%, or 3% of a nondecolorized whole
leaf extract of Aloe vera in drinking water.

Dr. Anderson how the animals’ intestines were
examined grossly for tumors.  Study Pathologist
Dr. P. Mellick, Toxicology Pathology Associates,
described the procedure. Dr. Anderson asked about the
issue of multiplicity. Dr. Mellick replied that it was
determined and quantified through microscopic
examinations. Dr. D. Malarkey, NIEHS, added that
different tumor types and hyperplasia in the same
animal were quantified.

Dr. Malarkey introduced a special presentation by
Dr. A.K. Pandiri, NIEHS, who briefed the panel on
alterations of the MAPK, Wnt, and TGF signaling
pathways in large intestinal tumors of rats in the Aloe
vera study. He described several histological
similarities between the rat tumors and human sporadic
colon cancer, which is the fourth most commonly
diagnosed cancer in the United States, but the second
leading cause of cancer-related death. He hypothesized
that the large intestinal tumors observed in F344/N rats
exposed to Aloe vera nondecolorized whole leaf extract
have similar genetic alterations as in human sporadic
colon cancer. He presented data on mutation analysis of
genes, as well as on molecular pathways important

in human colon cancer using data from quantitative
RT-PCR arrays. The results demonstrated that: Aloe
vera nondecolorized whole leaf extract-induced colon
tumors in F344 rats contained point mutations in Kras
or Ctnnb 1, appeared not to have Tp53 mutations, had
alterations within Wnt, MAPK, and TGF-B signaling
pathways, and shared morphological and molecular
features with human colon cancer

Dr. Pandiri recommended that future research
encompassed by the collaboration between the
NIEHS/NTP and FDA/NCTR would include com-

parison of the genetic, epigenetic, and protein changes
in tumors and histologically normal colon tissue
adjacent to tumors, as well as subchronic studies of
Aloe vera and senna.

Dr. Birt, the first primary reviewer, felt the report was
very well developed, and had no scientific criticisms.
She said the compounds used should be clearly
presented in the report’s abstract, as should the rationale
for monitoring the Aloe vera components malic acid and
aloin-A. Dr. Birt felt that dermal exposures should have
been discussed more in the report, or, if it was
mentioned, all of the exposures should be together. She
asked what proportion of the animals had their entire
intestinal tract collected. She felt that it would have
been wuseful to include in the discussion some
speculation about why lesions were seen in rats but not
mice, as well as some attention to the industry concerns
about the types of formulations used.

The second primary reviewer, Dr. Rogers, also agreed
with the conclusions and had three primary points
to discuss. He felt that it was entirely appropriate
that NTP had looked at whole leaf nondecolorized Aloe
vera extract, since that is presumably the starting
material in many of the commercial products, and
with no regulatory oversight it cannot be assumed that a
label claiming a product was made from a certain part of
the plant contains only that part. He also felt that while
it was appropriate for the public to challenge the
scientific rigor of the toxicity claims, it is also
appropriate for the scientific community to challenge
the scientific rigor of efficacy and benefit claims. He
objected to the use of the term “goblet cell hyperplasia,”
preferring “mucosal hyperplasia.” Dr. Rogers noted
that the data showed a non-dose-dependent decrease in
liver cancer in the rats, but it was not commented on in
the report.

Dr. Miller, the third primary reviewer, asked that the
report include more information about how the Poly-3
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test works. He noted that there was no mention of
histopathology of the intestinal tract in the 14-day study,
and wondered why it was left out or not looked at. He
felt that the report was very well written.

Dr. Boudreau responded to several of the reviewers’
specific comments. She noted that the active ingredient
in Aloe vera is undefined, and the reason it gives health
benefits is unknown. With more than 75 bioactive
components in the plant, malic acid and aloin were
chosen to monitor dose verification. She explained that
the entire GI tract was collected from all of the animals,
but that once the dose relationship in the tumors and
adenomas was discovered, the pathologists began
collecting frozen sections for special studies. She said
in the 14-day study, there was no gross indication of
any lesions in the intestinal tract, and so there was no
further examination. She agreed to include a more
detailed description of the Poly-3 test in the report.
Dr. Boudreau, Dr. Miller, and Dr. N.J. Walker, NIEHS,
discussed the issue of developing a transparent, easily
understandable severity scale to be used in Technical
Reports.

Dr. Anderson pointed out that it would have been useful
to have more discussion in the report about the various
Aloe vera products available on the market, dosages,
formulations, and for what conditions. Dr. Boudreau

Aloe vera, NTP TR 577

cautioned that including too much of that information
might get into efficacy, which is inappropriate content
for a Technical Report. Dr. P.C. Howard, NCTR,
agreed that such information would be beyond the
bounds of a toxicology study, linking into the risk
assessment area.

Dr. Heiger-Bernays stressed that the Aloe vera is
actually a complex mixture, and that its potency could
be affected by diet or other external factors. She
wondered whether the gamma irradiation of the test
materials could modify their structures. In terms of the
laxative effects of Aloe vera and other herbal remedies,
she wondered whether specific effects of the agents
based on their chemistry and potency were being
examined, or non-specific effects. She recommended
using a positive control in future studies. She agreed
with previous comments that in future studies of this
type, model animals known to be susceptible to the
tumors in question should be used. Dr. Walker
responded that because of such concerns, NTP chooses
carefully what to track in studies of herbal remedies,
botanicals, and mixtures.

Dr. Rogers moved to accept the study conclusions (see
above) as written. Dr. Birt seconded the motion. The
panel voted unanimously (6 yes, 0 no, 0 abstentions) in
favor of the motion.
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INTRODUCTION

CHEMICAL

AND PHYSICAL PROPERTIES

Aloe, a genus within the Liliaceae family, is composed
of approximately 420 species of plants. Aloe
barbadensis Miller, Aloe vera, is one species of Aloe.
Other common names of Aloe barbadensis Miller
include Barbados aloe, Mediterranean aloe, True aloe,
and Curacao aloe. Aloes are perennial succulents or
xerophytes; they are adaptable to habitats with low or
erratic water availability, are characterized by the
capacity to store large volumes of water in their tissue,
and are able to utilize crassulacean acid metabolism, an
adaptation to the photosynthetic pathway that involves
the formation of malic acid (Alves et al., 2004; 2005).
Aloe plants, such as Aloe vera, have in common green
fleshy leaves covered by a thick cuticle or rind and an
inner clear pulp. The vascular bundles, located within
the leaf pulp, transport water and minerals from the
roots to the leaves; transport synthesized materials to the
roots; and transport the latex along the margins of the
leaf for storage (Ni et al., 2004) (Figure 1). The number
of vascular bundles varies depending on the size of the
leaves and the age of the plant (Ni et al., 2004).

The main feature of the Aloe vera plant is its high water
content, ranging from 99% to 99.5% (Atherton, 1998).
The remaining 0.5% to 1.0% solid material is reported
to contain over 75 different potentially active
compounds, including vitamins, minerals, enzymes,
simple and complex polysaccharides, phenolic
compounds, and organic acids. In compositional studies
on the structural components of the Aloe vera plant leaf
portions, the rind was found to compose 20% to 30%
and the pulp 70% to 80% of the whole leaf weight. On
a dry weight basis, the percentages of the rind and pulp
represented as lipids (2.7% and 4.2%) and as proteins
(6.3% and 7.3%) only accounted for a minor fraction
(Femenia et al., 1999). The percentages of soluble
sugars (11.2% and 16.5%), primarily as glucose, and the
percentages of ash (13.5% and 15.4%), in particular
calcium, were relatively high in the rind and pulp,
respectively. Non-starch polysaccharides and lignin
represented the bulk of each leaf fraction and were
found to be 62.3% and 57.6% of the dry weight of the
rind and pulp, respectively.

Two commercially important products are obtained
from the leaves of the Aloe vera plant: gel and latex.
The physical and chemical constituents of the products

derived from the Aloe vera plant differ depending on
the source (e.g. part of the plant), the species of the
plant, the climate, and the growing conditions (Klein
and Penneys, 1988; Shelton, 1991; Briggs, 1995). A
2-year study of the Aloe vera plant found fluctuations in
several physical and chemical properties attributable to
seasonal and grower influences (Wang and Strong,
1995). The average leaf weight was found to increase
and total and soluble solids were found to decrease
during the winter months. Fluctuations in mineral
concentrations were attributable to horticultural
conditions, such as crop rotation and fertilization
methods, rather than irrigation practices. Limitation in
light availability was found to affect total dry mass
production and carbon allocation primarily, such as the
number of leaves per plant (Paez et al., 2000). The
percentages of carbon distribution within plants grown
in full sunlight were 53% in the leaves and 28% in the
roots; while those of plants grown in partial shade were
70% in the leaves and only 13% in the roots. Genet and
van Schooten (1992) reported that an increase in
hydration of the Aloe vera plant resulted in increases in
leaf thickness and gel production; in contrast, over
exposure to a combination of sunlight and drought
conditions resulted in low Aloe gel yield.

Aloe Vera Gel Extract

The inner leaf pulp of the Aloe vera plant leaf contains
large, thin-walled cells that produce Aloe vera gel, the
clear, mucilaginous, and aqueous extract of the inner
central area of the leaf pulp (Figure 1). Aloe vera gel
serves as the water and energy storage component of the
plant (Yaron, 1993; Paez et al., 2000). The mechanical
extrusion of the mucilaginous gel from the inner leaf
pulp gives a 70% yield with a water content of 99% to
99.5% (Femenia et al., 1999). The gel of field-grown
Aloe vera is reported to have a pH of 4.4 to 4.7 and a
total and soluble solids content of 0.56% to 0.66%;
however, seasonal fluctuations and fluctuations due to
water availability were noted (Yaron, 1993; Wang and
Strong, 1995; Waller et al., 2004). The high acidity of
the Aloe vera gel may be due to the accumulation of
organic acids, such as malic acid, via crassulacean acid
metabolism.  Chemical analysis of the gel extract
indicates that, as with the rind and pulp, lipids and
proteins are minor fractions of the dry weight,
representing 5.1% and 8.9%, respectively; however, the
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The perimeter of the Aloe vera
leaf pulp is interspersed with
vascular bundles that are
composed of three types of
tubular structures: the xylem,
the phloem, and the pericyclic
tubules. The pericyclic tubules
transport the Aloe latex.

Aloe vera Plant

The green rind or cuticle of the
Aloe vera plant consists of
multiple layers interspersed with
chloroplasts.

The Aloe vera inner leaf pulp is
composed of large thin-walled
parenchyma cells that store the
Aloe gel.

FIGURE 1

Schematic representation of the Aloe vera plant and a cross-section through an Aloe vera leaf.

amount of soluble sugars (27.8%) detected is
substantially higher than that in the rind or pulp (Wang
and Strong, 1995). The ash content is relatively high in
all fractions of the plant, but in particular in the gel,
where it accounts for 23.6% of the dry matter. Calcium
is the main mineral present in the rind and pulp
fractions, whereas, sodium and potassium are higher in
the Aloe gel. The reasons for the predominance of these
minerals in the gel is unclear; however, sodium is
known to have a role in water distribution and
potassium is thought to improve tissue repair (Robson
et al., 1982). Non-starch polysaccharides and lignin
represent 35% of the dry mass of the gel (Femenia
et al., 1999).

Aloe vera gel polysaccharides consist of linear chains of
glucose and mannose molecules, and, because there is
considerably more mannose present than glucose, the
molecules are referred to as polymannans. These linear
chains range in size from a few to several thousand
molecules. The major polysaccharide, acemannan, is
composed of one or more polymers of various chain
lengths with molecular weights ranging from 30-40 kDa
or greater and consisting of repeating units of glucose
and mannose in a 1:3 ratio (Gowda et al., 1979; Mandal
and Das, 1980; Yaron, 1993; Femenia et al., 1999;
Chow et al., 2005). The polysaccharide sugar moieties
of acemannan are linked by beta (B) glycosidic bonds to
form linear chains with random O-acetyl groups and a
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low degree of galactose side chain branching. The
B-1—4 glycosidic bond configuration of acemannan
is an important consideration when examining the
reported therapeutic effects of Aloe vera gel, since
humans lack the capacity to enzymatically digest these
bonds. The size and structure of the polysaccharide
polymers result in the formation of a colloidal system
within the leaf pulp tissue that increases the viscosity
and opacity of the mostly aqueous solution (Danhof,
1998). The chemical bonds within the carbohydrate
polymers contribute to these qualities but are
susceptible to degradation by endogenous and
exogenous bacteria (Gorloff, 1983; Yaron, 1993; Waller
et al., 2004). Chemically preserved fresh Aloe gel
stored at room temperature or incubated at 40° C for
48 hours exhibited degradation in its rheological
properties, a decrease in the content and composition of
polysaccharides, and a substantial increase in the
mannose:glucose ratio, from 2.9 in the fresh gel to 13.4
in the incubated gel (Yaron, 1993). Ross et al. (1997)
examined a number of commercial Aloe vera gel
products using size exclusion chromatography and
found a wide disparity in the levels of acemannans;
some products had levels below the detection limits.
Similarly, Turner et al. (2004) found significant
variation in commercial product content when compared
with plant-derived native Aloe gel.

Aloe Vera Nondecolorized

Whole Leaf Extract

The Aloe vera nondecolorized whole leaf extract,
commonly referred to as whole leaf Aloe vera juice or
Aloe juice, is the aqueous extract of the whole Aloe
vera leaf with lignified fibers removed. The Aloe vera
whole leaf extract contains both the gel from the inner
parenchyma leaf pulp and the latex. Aloe vera latex is a
bitter, yellow plant exudate that is stored and
transported along the margins of the Aloe vera leaf via
pericyclic tubules within the vascular bundles, which
are located within the leaf pulp beneath and adjacent to
the leaf rind (Figure 1). The restricted distribution of
the bitter latex within the margins of the leaves of the
Aloe vera plant suggests that it is a source of secondary
metabolites: compounds that do not function directly in
plant growth or development but serve as a plant
defense strategy (Chauser-Volfson and Gutterman,
1996; Wink, 2003). A wide variety of secondary
compounds have been isolated from the Aloe latex
(Reynolds, 1985). The isolated compounds are largely
phenolic in nature, and many are anthraquinone
C-glycosides, anthrones, and free anthraquinones (Park
et al., 1998). The levels of anthraquinone C-glycosides
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in Aloe latex are quite variable; however, they
may constitute up to 30% of the dry weight of Aloe
latex (Groom and Reynolds, 1987). Aloe vera latex
contains four major C-glycosyl constituents: aloin A,
aloin B, aloesin, and aloeresin A (Figure 2) (Saccu
et al.,, 2001). Aloin A, a C-glycosyl anthrone, also
referred to as barbaloin, is the major component of Aloe
latex (Birch and Donovan, 1955; Hay and Haynes,
1956; Reynolds, 1985). Aloin A and its epimer, aloin
B, also referred to as isobarbaloin (Figure 2) have
a 9-anthrone skeleton and a B-D-glucopyranosyl
substituent (Manitto et al., 1990). Aloesin, also
known as aloeresin B, is a 5-methyl chromone with
an 8-B-D-glucopyranosyl substituent (Haynes et al.,
1970), and aloeresin A is a 5-methyl chromone with
an 8-B-D-glucopyranosyl-2-O-trans-p-coumarol substi-
tuent (Gramatica et al., 1982). Several other
C-glycosyl-chromones and anthrones have been
isolated from Aloe vera, including aloe-emodin, the
anthraquinone of barbaloin and isobarbaloin (Zonta
et al., 1995; Okamura et al., 1996; Okamura et al.,
1997; Saleem et al., 1997; Park et al., 1998).

The occurrence in Aloe vera latex of endogenous free
anthraquinones and anthrones results from oxidative
processes rather than from metabolic synthesis (Franz
and Grun, 1983; Hattori et al., 1988; Saleem et al.,
1997). In addition, the latex from Aloe vera contains a
number of aromatic compounds, such as aldehydes and
ketones (Saccu et al., 2001). On a dry weight basis, the
Aloe latex is reported to also contain an acid insoluble
resin (16-63%), significant ash content (24.5%), and a
small quantity of essential oil that is responsible for the
odor of the latex (Mapp and McCarthy, 1970). The
sugar moiety in aloins is D-glucose, and studies indicate
that carbon atom 1 of the D-glucose moiety is linked
directly to carbon atom 10 of the anthracene ring in a
B-configuration (Figure 2). The carbon—carbon bond is
quite resistant to acid and alkaline conditions, and
cleavage by oxidation, rather than hydrolysis, is
achieved only under the drastic conditions of acid
in combination with an oxidant (Hay and Haynes,
1956). The B-(1—10) C-C bond is also resistant to
B—glycosidase of plants and most plant bacteria (Vyth
and Kamp, 1979; Joshi, 1998); however, the intestinal
microflora of humans and animals have been shown to
cleave the B-C-glucosyl bond, although considerable
variation in response among animal species occurs
(Mapp and McCarthy, 1970; Hattori et al., 1988; Che
et al., 1991). Cleavage of the B-C-glucosyl bond results
in the formation of aloe-emodin, the cathartic principle
of the latex, and other free anthraquinones and
anthrones (Figure 2).
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Aloe Vera Decolorized Whole Leaf Extract
Activated carbon adsorption of the Aloe vera
nondecolorized whole leaf extract to remove the
anthraquinone components of Aloe latex results in a
product termed decolorized whole leaf extract that has
quite different properties. Aloe vera decolorized whole
leaf extract is also referred to as whole leaf Aloe vera
gel. According to an Aloe vera trade group website
(IASC, 2011), the standard for aloin content in Aloe
vera decolorized whole leaf products for oral
consumption is less than 10 ppm (parts per million).
Although Aloe vera gel and the decolorized whole leaf
extract are similar in that each contain little or no Aloe
latex anthraquinones, carbon adsorption changes the
physical and chemical properties of the Aloe vera whole
leaf extract. Aloe vera decolorized whole leaf differs
from Aloe vera gel in that it exhibits a degradation in
rheological properties and a loss of approximately 19%
to 23% of the complex polysaccharide content (Pelley
etal., 1998).

PRODUCTION, USE,

AND HUMAN EXPOSURE

Aloe vera is one of approximately 420 species of Aloe
that are now indigenous to dry sub-tropical and tropical
climates, including the southern United States (Grindlay
and Reynolds, 1986; Viljoen and Van Wyk, 2000).
Among the Aloe species, Aloe vera is the most widely
used both commercially and for its therapeutic
properties (Eshun and He, 2004; Ni et al., 2004).
Commercial cultivation of Aloe vera in the United
States began in the 1920s in Florida (Grindlay and
Reynolds, 1986). Aloe vera has become an important
plant crop in Arizona and in the Rio Grande valley of
southern Texas. Other Aloe species grown for
commercial use include Aloe andongensis, Aloe
arborescens, Aloe perryi, and Aloe ferox. These species
differ from Aloe barbadensis Miller, Aloe vera, in their
composition, which can be confusing to the consumer
since the literature often includes these species as
synonyms for Aloes and Aloe vera. The U.S. Food and
Drug Administration (FDA) permits the use of Aloe
barbadensis, Aloe ferox, and Aloe perryi as food
additives for human consumption as natural flavor
enhancers (CIR, 2007). A published tabulation of
acceptable levels of natural flavorings by the Flavor and
Extract Manufacturers’ Association indicates that for
Aloe vera extract an acceptable level is 5 to 2000 ppm.
No distinction is given for the part of the plant or type
of plant extract used to produce the extract used as a
flavoring additive (Duke and Beckstrom-Sternberg,
1994).
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Aloe vera grows best in dry chalky soil or in a sandy
loam (Grindlay and Reynolds, 1986). While the plant
needs warm semi-tropical conditions, overexposure to
sun results in stunted plants with low gel yield.
Therefore, Aloe vera is commonly interplanted with
other crops, such as fruit trees. Considerable variation
in the quality of Aloe vera plant products exists due to
differences in growing, harvesting, processing, and
storage techniques. Harvesting of Aloe vera plant
leaves is generally performed by hand, with the leaves
cut from the base of the plant (Grindlay and Reynolds,
1986). Individual leaves are wrapped, crated, and
transported to processing plants. Ideally, Aloe vera
leaves are processed within a few hours of harvesting,
because temperature, light, air, and humidity can affect
the stability of the Aloe vera plant components (Paez
et al., 2000). At the processing step, the leaves are
cleaned with water and a mild chlorine solution.

Aloe vera gel from the fillet of the inner leaf pulp is
obtained either by manual removal of the outer layers of
the leaf with a knife or by machine. Either method can
be flawed and has the potential to contaminate the Aloe
gel with Aloe latex (Grindlay and Reynolds, 1986).
This process yields crude Aloe vera gel. High quality
Aloe vera gel appears opaque and slightly off-white in
color, and is viscous (Vogler and Ernst, 1999).

Aloe vera whole leaf extract is obtained by grinding the
whole fresh leaves, without removal of the rind.
Extraneous material and lignified fibers are then
removed by homogenizing and filtering the crude gel or
whole leaf extracts (Yaron, 1993). Since various
amounts of Aloe latex and rind may be present in the
whole leaf extracts, the extracts may appear yellow to
yellow-green in color.

Activated carbon adsorption to produce Aloe vera
decolorized whole leaf extract is the first processing
step where an extract is intentionally subjected to
chemical alteration.  Aloe vera decolorized whole
leaf has lower rheological values than Aloe gel and
has a lower content of complex carbohydrates than
either Aloe gel or whole leaf extracts (Pelley et al.,
1998).

The processed extracts are difficult to keep stable, a
problem that may cause differences in product potency;
therefore, the gel or whole leaf extracts can undergo a
“stabilization” process before being bottled.  This
process involves pasteurization, ultraviolet stabilization,
chemical oxidation with hydrogen peroxide, adultera-
tion with chemical preservatives or additives, or
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concentration, and/or drying (Gorloff, 1983; Grindlay
and Reynolds, 1986; Yaron, 1993; Simal et al., 2000).

The Aloe vera plant has been used in folk medicine for
over 2000 years, and the Aloe vera plant remains an
important component in traditional medicine of many
contemporary cultures, such as China, India, the West
Indies, and Japan (Grindlay and Reynolds, 1986). Both
classes of leaf products, Aloe vera gel and Aloe vera
latex, are reported to possess a wide range of
pharmaceutical activities. In recent times, the oral
consumption of Aloe vera has been promoted as a
prophylaxis and treatment to alleviate a variety of
unrelated systemic conditions (Marshall, 1990).
Promoters offer a number of Aloe vera whole leaf
formulations that are widely available for consumption
at various concentrations in liquid, powder, and tablet
form.  Reports credit Aloe vera with anti-tumor
(Imanishi et al., 1981; Imanishi and Suzuki, 1984, 1986;
Imanishi and Suzuki, 1986; Imanishi et al., 1986; Kim
et al., 1999; Zhao et al., 1999; Keum et al., 2000), anti-
arthritic (Spoerke and Ekins, 1980; Hanley et al., 1982;
Davis et al., 1986), anti-rheumatoid (Davis et al., 1986;
Davis et al., 1992), (Dykman et al., 1998), anti-cancer
(Kim et al., 1999; Pecere et al., 2000), and anti-diabetic
(Ghannam et al., 1986; Davis et al., 1988; Ajabnoor,
1990; Roman-Ramos