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Introduction

Aloe vera has been used for medicinal purposes in several cultures for millennia: Greece, Egypt, India, Mexico, Japan, and China. The therapeutic claims made for Aloe vera range over a broad list of conditions, as do the Pharmacological activities associated with it. Most of these claims are based on historical use with current research indicating that these claims are efficacious. Different parts of the plant are employed in traditional management of diverse veterinary and human diseases. The herb is used internally to combat most digestive problems, including constipation, poor appetite, colitis, irritable bowel syndrome as well as, asthma, diabetes, immune system enhancement, peptic ulcers. Aloe is used externally for the treatment of skin irritation, burns, scalds, sunburn wounds, eczema, psoriasis, acne, dermatitis, ulcers, to stimulate cell regeneration. The plant is also used in the treatment of healing properties, effects on skin exposure to UV and gamma radiation, anti-inflammatory, antiviral and antitumor, moisturizing, anti-aging effect, antiseptic, enhance immune system, hypoglycemic, cytotoxic, antiulcer and antidiabetic effects, antibacterial effect, antioxidant, cardiovascular effect.
The global market value of Aloe vera and its products was USD 13 billion in 2012 (Powell, 2012). The U.S. is by far the largest single supplier with 60-65% of total sales; Latin America constitutes another 20-25% and Asia and the Pacific Rim (Australia, China and India) together make up 10% of the market. Statistics given by the International Aloe Science Council (IASC) indicate that some 24000 ha of A. vera are cultivated globally, with 300 ha in Africa which may include plantations in Nigeria supplying local markets (Grace, 2011). WHO (2013 reports an increasing global trend to incorporate traditional medicine in the healthcare systems of both developed and developing countries to combat chronic ailments for which conventional medicine has not proved efficacious. Aloe vera is noted as one of those medicinal resources which has the capacity to fit into this global strategy.
It is evident that despite Africa having the largest potential to produce and supply the world with Aloe vera products, concerns on the quality of the raw materials and sustainable production are holding the production back. This African Standard was prepared to establish the minimum requirements for Aloe vera raw materials. The standard also outlines the areas of application of Aloe vera products supported by scientific research.

African Traditional Medicine – Medicinal Plant Standards – Aloe vera
1
Scope

This Standard specifies requirements and related tests methods for Aloe vera raw material to be used in consumer products including health, cosmetics, health food, medicinal, veterinary and industrial products 
2
Normative references

The following referenced documents are indispensable for the application of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.

AOAC Official Method 999.10, Determination of lead, cadmium, copper, iron and zinc in foods — Atomic absorption spectrophotometry after microwave digestion 
AOAC Official Method 999.11, Determination of lead, cadmium, copper, iron and zinc in foods — Atomic absorption spectrophotometry after dry ashing
AOAC Official Method 2001.04, Determination of Fumonisins B1 and B2 in corn and corn flakes — Liquid chromatography with immunoaffinity column cleanup
ARS 53, General principles of food hygiene — Code of practice
ARS 56, Prepackaged foods — Labelling
CD-ARS 955-2014, African Traditional Medicine — Technical guidelines for safety, efficacy and quality of raw materials and herbal medicines
CODEX STAN 150, Standard for food grade salt
CODEX Stan 192, General standard for food additives
CODEX STAN 193, Codex general standard for contaminants and toxins in food and feed

ISO 4832, Microbiology of food and animal feeding stuffs — Horizontal method for the enumeration of coliforms — Colony-count technique
ISO 4833, Microbiology of food and animal feeding stuffs — Horizontal method for the enumeration of microorganisms — Colony-count technique at 30 degrees C
ISO 5985, Animal feeding stuffs — Determination of ash insoluble in hydrochloric acid
ISO 6561-1, Fruits, vegetables and derived products — Determination of cadmium content — Part 1: Method using graphite furnace atomic absorption spectrometry

ISO 6561-2, Fruits, vegetables and derived products — Determination of cadmium content — Part 2: Method using flame atomic absorption spectrometry
ISO 6579, Microbiology of food and animal feeding stuffs — Horizontal method for the detection of Salmonella spp.

ISO 6888-1, Microbiology of food and animal feeding stuffs — Horizontal method for the enumeration of coagulase-positive staphylococci (Staphylococcus aureus and other species) — Part 1: Technique using Baird-Parker agar medium
ISO 6888-2, Microbiology of food and animal feeding stuffs — Horizontal method for the enumeration of coagulase-positive staphylococci (Staphylococcus aureus and other species) — Part 2: Technique using rabbit plasma fibrinogen agar medium
ISO 6888-3, Microbiology of food and animal feeding stuffs — Horizontal method for the enumeration of coagulase-positive staphylococci (Staphylococcus aureus and other species) — Part 3: Detection and MPN technique for low numbers
ISO 7251, Microbiology of food and animal feeding stuffs — Horizontal method for the detection and enumeration of presumptive Escherichia coli — Most probable number technique

ISO 7932, Microbiology of food and animal feeding stuffs — Horizontal method for the enumeration of presumptive Bacillus cereus — Colony-count technique at 30 degrees C
ISO 9526, Fruits, vegetables and derived products — Determination of iron content by flame atomic absorption spectrometry
ISO 11085, Cereals, cereals-based products and animal feeding stuffs — Determination of crude fat and total fat content by the Randall extraction method
ISO 16050, Foodstuffs — Determination of aflatoxin B1, and the total content of aflatoxins B1, B2, G1 and G2 in cereals, nuts and derived products — High-performance liquid chromatographic method

ISO 21527-2, Microbiology of food and animal feeding stuffs — Horizontal method for the enumeration of yeasts and moulds — Part 2: Colony count technique in products with water activity less than or equal to 0.95
ISO/TS 21872-1, Microbiology of food and animal feeding stuffs — Horizontal method for the detection of potentially enteropathogenic Vibrio spp. — Part 1: Detection of Vibrio parahaemolyticus and Vibrio cholerae
ISO/TS 21872-2, Microbiology of food and animal feeding stuffs — Horizontal method for the detection of potentially enteropathogenic Vibrio spp. — Part 2: Detection of species other than Vibrio parahaemolyticus and Vibrio cholerae
ISO 27085, Animal feeding stuffs — Determination of calcium, sodium, phosphorus, magnesium, potassium, iron, zinc, copper, manganese, cobalt, molybdenum, arsenic, lead and cadmium by ICP-AES
3
Definitions and abbreviations
For the purpose of this standard the following definitions apply.
3.1

aloe granulated

aloe lump crushed into small pieces ranging between 50 mm and 200 mm in diameter
3.2

bitters

bitter sap

latex

leaf exudate

sap or liquid tapped from the leaf rind
3.4

fillet

leaf parenchyma

inner part of the leaf when the skin is removed

3.5

gel

aloe gel

liquid, almost bitter-free, obtained by milling or pressing the fillet or the unskinned leaf

3.6

lump

latex, concentrated into a thick syrup by boiling, that solidifies upon cooling

3.7

organic agriculture

production system that sustains the health of soils, ecosystems and people

NOTE
It relies on ecological processes, biodiversity and cycles adapted to local conditions, rather than the use of inputs with adverse effects. It combines tradition, innovation and science to benefit the shared environment and promote fair relationships and a good quality of life for all involved.
3.8

organic farming

form of agriculture that relies on techniques such as crop rotation, green manure, compost and biological pest control

NOTE
It uses fertilizers and pesticides but excludes or strictly limits the use of manufactured (synthetic) fertilizers, pesticides (which include herbicides, insecticides and fungicides), plant growth regulators such as hormones, livestock antibiotics, food additives, genetically modified organisms, human sewage sludge, and nanomaterial.

3.9

pectin jelly

jelly

product with a jelly-like consistency produced from the leaf by an extraction process subsequent to the removal of latex or gel, or both

3.10

powder

3.10.1

bitter leaf powder

leaf product from which the gel is removed before drying, and milled to a fine powder

3.10.2

bitter powder

powder produced when the bitter sap is spray-dried or freeze-dried

3.10.3

gel powder

dried gel

fillet powder

gel dried to a powder by means of various processes, including spray-drying and freeze-drying

3.10.4

low bitter leaf powder

leaf product from which all, or most, of the latex is removed before drying, and milled to a fine powder

3.10.5

lump powder

solidified lump milled to a fine powder

3.10.6

whole leaf powder

leaf product dried and milled without the processing or removal of any component

3.10.7

whole leaf sap powder

whole leaf sap dried by various processes

3.11

shredded low bitter leaf

leaf product from which the latex, or gel, or both are removed before drying and shredding
3.12

stressed

<with regard to plants> plant with leaves that are channelled, curled or discoloured due to drought, cold or disease

3.13

sustainable

using methods, systems and material by conserving an ecological balance and avoiding depletion of resources or harm to natural cycles
3.15

wild crafting

the practice of harvesting plants from their natural or “wild” habitat, for food or medicinal purposes. It applies to uncultivated plants wherever they may be found, and is not necessarily limited to wilderness areas. Ethical considerations are often involved, such as protecting endangered species and ensuring that the plant populations are harvested in a sustainable way
3.16

wild growing

wildcrafted

naturally grown

plants growing in their natural native habitat in an ecological area and applies to uncultivated plants wherever they may be found and is not necessarily limited to wilderness areas
3.17

whole leaf sap

liquid comprising the gel and remaining latex, including the solutes from the rind, when pressed from the whole chopped leaf
4
Plant description
4.1
Scientific name with author

Aloe vera (L.) Burm. f. (WHO, 1999)
4.2
Synonyms

Aloe barbadensis Mill., Aloe chinensis Bak., A. elongata Murray, A. indica Royle, A. officinalis Forsk., A. perfoliata L., A. rubescens DC, A. vera L. var. littoralis König ex Bak., A. vera L. var. chinensis Berger, A. vulgaris Lam. (WHO, 1999)
4.3
Family

Aloeaceae.
4.4
Common names

Sabbar/Sabr (Arabic); Aloe vera, Aloe, Barbados aloe, Burn plant, Curaçao aloe, Lily of the desert, True aloe, West Indian aloe, Bitter aloe, Aloès, Aloès vulgaire, Babosa, Babosa-medicinal, Erva-babosa, Acibar, Aloe, Sávila.

4.5
Vernacular names

Msubili (Swa.), Kuvara (Guj.), Gheekuvar (Hin., Urd.).
4.6
Botanical description

Herbaceous perennial, succulent, erect, suckering freely to form large colonies. Stem: Short, up to 30 cm, or absent. Leaves: Spirally arranged as a clustered rosette, fleshy, yellowish-green to glaucous (young plants may have white spots), lanceolate, 40–60 x 6–7 cm, with hardened pale teeth, 2 mm long, 10–20 mm apart, along the margin. Inflorescence: Erect, to 1 m, with 1–3 branches; raceme 10–40 cm. Flowers: Yellow to red*, perianth in 2 whorls, the outer whorl fused for less than half of its length, cylindric or slightly swollen below, glabrous, 20–40 mm; pedicels stout, approximately 6 mm long, subtended by bracts; bracts 10 mm; stamens 6; ovary superior, 3-celled, with many ovules in each cell; anthers and styles slightly projecting from the perianth. Fruit: A woody capsule with many black seeds (Upton & AHP, 2012).

NOTE
The flower colour of Aloe vera is reported as yellow in some botanical literature but wild specimens can have both red and yellow flowers, as do many other aloes. Different colour forms of Aloe vera available commercially may therefore be due to this genetic heritage or the result of hybridization with other species or cultivars (Upton & AHP, 2012). 

4.7
Origin and distribution

Aloes are xerophytes with structural and physiological adaptations for survival in arid regions. They are widespread in sub-Saharan Africa, the Arabian Peninsula and a number of Indian Ocean islands. They occupy many different kinds of natural habitat, from forest to exposed rock surfaces, but they are absent from the moist lowland forests of mainland Africa. People use aloes in many ways, mostly at a non-commercial local level. As a result of over-exploitation and habitat destruction many species are endangered and in need of conservation.
The international trade of all Aloe species, except for Aloe vera, is governed by the Convention on the International Trade of Endangered Species (CITES, 2012), which had Aloe spp. added to its Appendix II in 1975. Aloe vera has been specifically excluded from the CITES-listed species database in February 1995 — likely because the totality of traded materials from this species comes from cultivated sources.

4.8
Plant part used

The bitter yellow juice and transparent gel exuded by the leaves. There are reports of the use of the stalk and roots for fertility treatment which are not yet well documented.
[image: image1.png]



Figure 1 — Aloe vera plants 

[image: image2.emf]
Figure 2 — Geographical distribution of the genus Aloe, showing the number of species in each country (Reynolds, 2004)
5
Pharmacological uses
5.1
Major ethnopharmacological uses

The use of the gel and juice from this aloe has a long history in the external treatment of burns, wounds, skin conditions, and as drops for eye infections, as well as in formulations to soothe and enhance the beauty of the skin. Fresh leaf juice is also taken orally as an emmenagogue, a laxative, purgative, appetizer, blood purifier, and for relief from stomach pains, asthma and chronic cough. Whole leaves are used to relieve swellings of the glands between the thighs and in the armpits. A decoction of the leaves is used to treat inflammation and redness of the eyes. A decoction of dry leaves is taken orally to induce abortion and to treat hepatitis (Dharani & Yenesew, 2010).
5.2
Pharmacological properties and uses
The pharmacological properties and applications of Aloe vera and its products are outlined in Annex H.
5.3
Other relevant uses
Cosmetics; Food supplements: The external use in cosmetic primarily acts as skin healer and prevents injury of epithelial tissues, cures acne and gives a youthful glow to skin, also acts as extremely powerful laxative (Sahu et al., 2013).
Antiseptic: The antiseptic property of Aloe vera is due to presence of six antiseptic agents namely lupeol, salicylic acid, urea nitrogen, cinnamonic acid, phenols and sulphur. These compounds have inhibitory action on fungi, bacteria and viruses. Though most of these uses are interesting controlled trials are essential to determine its effectiveness in all diseases (Sahu et al., 2013).
6
Raw material presentations
NOTE
Figure A.1 provides a summary of the production steps and products in the aloe industry as discussed below.
6.1
Type 1: Materials made from the aloin sap
Materials made from the aloin sap presented in the following forms:
(i)
Aloe vera latex (bitter sap, aloin sap, yellow sap): A yellow sap released from the aloin cells (oblong cells which may form continuous canals) situated below the leaf rind, close to the inner gel parenchyma. It contains phenolic compounds, and has a bitter taste and a laxative effect.
[image: image3.emf]
Figure 3 — Fresh Aloe vera leaf exudate
(ii)
Aloe vera lump;

[image: image4.png]



Figure 4 — Aloe lump
(iii)
Bitter leaf extract powder;

[image: image5.png]



Figure 5 — Bitter leaf extract powder
(iv)
Aloe lump powder: The bitter powder extract is produced by removing the bitter sap from the Aloe vera leaf, processing the sap into crystalline "lump" form and then crushing into smaller crystalline shapes.
[image: image6.png]



Figure 6 — Aloe lump powder
(v)
Aloe granulated.
6.2
Type 2: Materials made from Aloe vera fillet
(i)
Gel fillet: The clear, inner parenchyma of the leaf resulting after the filleting procedure.
[image: image7.png]



Figure 7 — Aloe gel fillet
(ii)
Gel: Once the gel fillet has being liquidised and filtered, the resultant juice is known as aloe gel. It is usually low in bitters or may be bitter-free.
(iii)
Gel powder: A product obtained by freeze-drying or spray-drying of gel.
(iv)
Aloe vera inner fillet liquid/juice: The leaves are skinned and the inner fillet is liquidised to extract the inner fillet juice. This product is 100% pure with no added water.

6.3
Type 3: Materials made from Aloe vera whole leaf
(i)
Whole leaf sap (Aloe vera leaf juice): Aloe vera leaf juice is prepared from the entire leaf.
(ii)
Whole leaf powder: Whole leaves (rind and gel parenchyma) are ground into a fine powder which is air-dried. Aloe leaves are harvested and the extract is drained. The leaves are then collected, washed, dried in the sun and then milled into a fine powder. The only natural constituent that is removed from the leaves during production is some of the aloin.
[image: image8.png]



Figure 8 — Whole leaf powder
(iii)
leaf powder;

(iv)
pectin jelly;

(v)
whole leaf sap powder;

(vi)
shredded low bitter leaf; and
(vii)
Aloe vera whole leaf gel: Aloe vera gel is a thick concentrate made from the whole aloe leaf and is used as a base or additive in the cosmetic and juice industries.
[image: image9.jpg]



Figure 9 — Aloe vera whole leave gel
(viii)
low bitter leaf powder.
7
Chemical constituents
7.1
Leaves
Aloe vera leaves contain a diverse array of compounds, including anthraquinones (e.g., aloe-emodin), anthrones and their glycosides (e.g., 10-(1,5’-anhydroglucosyl)-aloeemodin-9-anthrone, also known as aloin A and B), chromones, carbohydrates, proteins, glycoproteins, amino acids, organic acids, lipids, and minerals. The profile of these constituents varies greatly depending on the part of the leaf and the type of processing the material undergoes. The inner parenchyma tissue of Aloe vera leaves contains a large amount of water (ca. 98.5%), and the remaining solid material consists of carbohydrates, organic acids, and small amounts of other compounds, such as proteins, vitamins, lipids, and amino acids (primarily arginine, asparagine, serine, aspartic acid, and glutamic acid) (Upton & AHP, 2012).
7.2
Latex

The bitter, yellow-coloured exudate, which appears after the leaf is cut, contains approximately 80 phenolic constituents, the most abundant being aloins A and B. 
[image: image10.emf]
Figure 10 — Structures of the main Aloe vera latex derived anthraquinones, chromones and anthrones (Council of Europe, 2013)
8
Requirements
8.1
General requirements
8.1.1
The production of aloe raw material shall comply with applicable regulations.
8.1.2
Specific, designated, clean containers shall be used for the intended type of raw material during collection and processing, e.g. containers intended to collect latex shall only be used for latex. Containers that have previously been used to store other substances, e.g. chemicals, shall not be used.

8.1.3
The raw material shall be free from extraneous matter, e.g. stones and twigs.

8.1.4
When boiled to produce lump, the sap shall not be burned or overcooked. The coloured lump shall be translucent.
NOTE
The colour of the lump ranges from yellow to brown to very dark brown and to shades of green.

8.1.5
An adulterant (e.g. starch) shall not be added to the raw material. Supplementary additives (e.g. vitamins or preservatives) shall be declared.

8.1.6
Harvesters shall wear clean gloves to prevent injury to skin (by the thorns) and subsequent contamination of the leaves with blood.

81.7
In order to maintain a high standard of hygiene, workers in the manufacturing facility shall wear hairnets, or any other suitable head cover, and gloves when the leaves are processed.

8.1.8
The general and harvesting requirements as contemplated in this standard are applicable to organic, cultivated and wild growing aloe plants.
8.2
Harvesting requirements
8.2.1
The thick fleshy leaves shall be harvested from the second or third year after planting. Leaves are ripe when the tips show a little red — the almost browning bits towards the bottom of the plant are the most ready to pick. 
8.2.2
Harvesting and collection shall be done with heavy gloves and while wearing protective clothing, to prevent injury from handling the spiny leaves.
8.2.3
Harvesting shall target the outermost 3–4 leaves by pulling each leaf away from the plant stalk and cutting at the white base. 
8.2.4
The leaves shall be handled gently, taking care to prevent damage to the outer rind and to maintaining the seal at the base of the leaf in order to prevent introduction of bacteria. 
8.2.5
Leaves that show signs of tip necrosis shall not be harvested, as these provide entry points for microbial contamination. 
8.2.6
Harvesting shall be carried out in the morning and / or evening. The leaves shall not be harvested in the rain, when windy or when the plants are stressed. Apart from leaves, the side suckers, which can be used as planting material, can also be sold.
8.2.7
The leaves shall be stacked without delay to minimize the loss of juice and to prevent bruising. To prevent fermentation, the leaves shall not be stacked at a single collection point unless they can be collected on the same day. The leaves shall be visually examined before they are transported to the manufacturing facility. The leaves shall be loaded into a clean vehicle or packed into clean plastic containers before transport.

8.2.8
The leaves shall be washed with water to remove surface impurities before processing.

NOTE
It is recommended that the leaves be processed as soon as possible after harvesting, and they should not be older than 5 d before processing.

8.2.9
At least 15 and, ideally, 18 leaves should be left on the plant to maintain high leaf yields. 
8.3.10
Aloe leaves may be harvested 3-5 times annually, with individual plants yielding approximately 22–24 leaves or 10–12 kg per year.
8.2.11
If it is desired to collect the leaf exude, the leaf shall be cut above the white base to expose the inner portion of the aloe leaf (see Figure 11). When any aloe leaf is cut, a yellow liquid drips from canals (the aloin cells) situated just below the rind (Figure 11). Leaves are stacked (cut edges facing inward) around a hollow in the ground which is lined with a plastic sheet (Figure 12). The yellow bitter exudate which is released from the cut edges are collected in the central basin. This exudate is then boiled remove water. Once cooled, the exudate solidifies into a dark brown, amorphous, glass-like solid known as aloe lump (Figure 4) and is sold as a laxative product. 

	[image: image11.emf]
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	Figure 11 — Exposed inner portion of an aloe leaf illustrating the yellow exudate that is released (O’Brien, 2008)
	Figure 12 — Harvested aloe leaves stacked around a central hollow basin lined with plastic. Bitter exudate is collected in this central hollow (O’Brien, 2008)


8.2.12
For manufacture of aloe vera leaf juices, processing should take place as soon as possible due to the highly perishable nature of the juice, ideally within 36 hours of harvesting the leaves. If immediate processing is not possible, leaves should be stored in a refrigerated facility. Prolonged storage of the leaves after harvest without refrigeration may result in enzymatic and bacterial degradation of the polysaccharides.
8.3
Detailed requirements
8.3.1
Microbiological limits
Table 1 — Microbiological limits (WHO, 2007)
	SNo
	Parameter
	Limits
	Test method

	A
	Raw medicinal plant and herbal materials intended for further processing (including additional decontamination by a physical or chemical process)
	

	(1) 
	Yeasts and moulds, max. per g
	105
	ISO 21527-2

	(2)
	E. coli, max. per g
	104
	ISO 7251

	(3)
	Shigella, per g or ml
	Absent
	

	B
	Herbal materials that have been pretreated (For herbal materials that have been pretreated (e.g. with boiling water as used for herbal teas and infusions) or that are used as topical dosage forms)
	

	(4)
	Aerobic bacteria/g
	107
	

	(5) 
	Yeasts and moulds, max. per g
	104
	ISO 21527-2

	(6)
	E. coli, max. per g
	102
	ISO 7251

	(7)
	Enterobacteria and certain Gram-negative bacteria / g
	104
	

	(8)
	Salmonella, per g 
	Absent
	ISO 6579

	(9)
	Shigella, per g or ml
	Absent
	

	(10)
	Clostridia, per gram
	Absent
	

	C
	Other herbal materials for internal use
	

	(11)
	Aerobic bacteria/g
	105
	

	(12)
	Yeasts and moulds, max. per g
	104
	ISO 21527-2

	(13)
	Escherichia coli, max. per g
	Absent
	ISO 7251

	(14)
	Salmonella, per g 
	Absent
	ISO 6579

	(15)
	Enterobacteria and certain Gram-negative bacteria / g
	103
	

	(16)
	Clostridia, per gram
	Absent
	

	(17)
	Shigella, per g or ml
	Absent
	

	D
	Herbal medicines to which boiling water is added before use
	

	(18)
	Aerobic bacteria/g
	107
	

	(19)
	Yeasts and moulds, max. per g
	104
	ISO 21527-2

	(20)
	Escherichia coli, max. per g
	Absent
	ISO 7251

	(19)
	Salmonella, per g 
	Absent
	ISO 6579

	(20)
	Enterobacteria and certain Gram-negative bacteria / g
	103
	

	(21)
	Clostridia, per gram
	Absent
	

	(22)
	Shigella, per g or ml
	Absent
	


8.3.2
Chemical, physical and mycotoxin requirements
Table 2 — Chemical, physical and mycotoxin requirements (WHO, 2007); (Upton & AHP, 2012)
	S/N
	Characteristic
	Limit
	Test method

	
	
	Solid
	Leaf juice
	Inner leaf juice
	

	(1)
	Lead (Pb), max, mg/kg
	10
	10
	10
	AOAC 999.11 or AOAC 999.10

	(2)
	Cadmium (Cd), max, mg/kg
	0.3
	0.3
	0.3
	AOAC 999.11 or AOAC 999.10

	(3)
	Arsenic (As), max, mg/kg
	5
	2
	2
	

	(4)
	Chromium (Cr), max, mg/kg
	2
	2
	2
	

	(5)
	Mercury (Hg), max, mg/kg
	0.2
	0.2
	0.2
	

	(6)
	Copper (Cu), max, mg/kg
	150
	150
	150
	

	(7)
	Total ash, max
	4%
	
	
	

	(8)
	Alcohol-insoluble extracts, max
	10%
	
	
	

	(9)
	Acetylated mannans, min, % dry weight
	5
	5
	5
	

	(10)
	Glucose
	Present
	Present
	Present
	

	(11)
	Aloin A&B, max, ppm
	
	10
	10
	HPLC

	(12)
	Maltodextrin
	Listed
	Listed
	Listed
	

	(13)
	Solids, min, %
	
	1.0, single strength
	0.5, single strength
	

	(14)
	Ash, max, %
	
	40
	40
	

	(15)
	Isocitrate, max
	
	
	5%
	

	(16)
	Aldrin, max, mg/kg
	0.05
	0.05
	0.05
	

	(17)
	Dieldrin, max, mg/kg
	0.05
	0.05
	0.05
	

	(18)
	Total Aflatoxin (AFB1+AFB2+AFG1 +AFG2)), ppb
	20
	20
	20
	ISO 16050

	(19)
	Aflatoxin B1 only, ppb
	5
	5
	5
	ISO 16050


8.3.3
Pesticide residues
The maximum residue limit of aldrin and dieldrin (sum of) for Aloe is not more than 0.05 mg/kg according to the European and USA Pharmacopoeias (WHO, 2007). For other pesticides, reference shall be made to the CODEX list of approved pesticides for spices and their maximum residue limits (MRLs) (WHO, 2007).
8.3.4
Radioactive residues
The WHO guidelines emphasize that the health risk, in general, due to radioactive contamination from naturally occurring radio nuclides is not a real concern, but those arising from major nuclear accidents may be serious and depend on the specific radionuclide, the level of contamination, and the quantity of the contaminant consumed. Taking into account the quantity of herbal medicine normally consumed by an individual, they are unlikely to be a health risk. Therefore, at present, no limits are proposed for radioactive contamination (WHO, 2011).
8.3.5
Loss on drying

When determined in accordance with the test method in Annex C, the loss on drying for the Aloe vera raw materials shall comply with the limit indicated in Table 3 (BPCO, 2012; CE, 2005). 
Table 3 — Loss on drying
	1
	2

	Product
	Limit

	Aloe vera exude lump
	

	Bitter leaf (latex) powder
	≤12 %

	Gel powder
	

	Whole leaf powder
	

	Filtrated whole leaf powder
	


8.3.6
Identification of Type 1 raw material

The identification of Type 1 raw material shall be in accordance with the thin layer chromatography method in Annex D.

8.3.7
Aloin content

In the case of manufacturing of pharmaceutical preparations, when determined in accordance with Annex E, the aloin content shall be not less than 28.0 % of hydroxyanthracene derivatives, expressed as barbaloin (BPCO, 2012). Aloin A and aloin B shall be present in equal amounts. For all other applications the supplier shall specify the aloin content.

NOTE
An aloin content of 18 % or more is a prerequisite for aloes exported for pharmaceutical purposes. For aloe bitters that are not used in pharmaceutical applications, the level of aloin can be indicated on the product specification without prejudice as to the level required. The purchaser can decide on the level of aloin for the intended application.

8.3.8
Alcohol insoluble solids

When determined in accordance with Annex F, the percentage precipitable solids for types 2 and 3 raw material shall be as specified by the supplier.
NOTE
The purpose of this test is to determine the insoluble fraction of the raw material (an indication of purity and to detect unnatural additives), and precipitable solids (an indication of normal content of polysaccharides).

8.3.9
Presence of additives

In the case where additives such as organic acids are added, the quantity and type of additive shall be declared by the supplier.
8.3.10
Polysaccharide content

In the case where the polysaccharide content is altered, it shall be declared by the supplier.
NOTE
It is recommended that the natural polysaccharide not be altered.
8.3.11
Total ash content

In the case of powder products, when determined in accordance with Annex G, the total ash content shall be not more than 2.0 %. 

NOTE
The ash content for gel products are not specified.
8.4
Quality control

8.4.1
Identification

Macroscopic and microscopic examinations; solvent solubility (hot alcohol, boiling water, and ether) determination; chemical reactions; and thin-layer chromatographic analysis employing barbaloin as the reference standard.
8.4.2
Organoleptic properties

(a)
Whole leaf solid form
Aloe is marketed as opaque masses that range from reddish black to brownish black to dark brown in colour. Odour, characteristic and disagreeable; taste, somewhat sour, nauseating and very bitter.

(b)
Inner leaf:
Taste: Mild, bland.

Aroma: Faint, characteristic.

Texture: Very slimy, tacky.

(c)
Aloe vera leaf juice:

Colour: Aloe vera leaf juice is a cloudy to transparent liquid.

Charcoal-filtered liquid (single strength)

Color: Colourless to caramel-coloured.

Aroma: Odourless to mildly vegetative.

Taste: Tasteless to slightly bitter.

Charcoal-filtered dry concentrate (flakes or powder)

Colour: Beige.

Aroma: Odourless to mildly vegetative.

Taste: Tasteless to slightly bitter.

NOTE
The organoleptic characteristics of aloe vera leaf juice products can vary considerably, depending on the processing techniques and additives used.

(d)
Aloe vera inner leaf juice

Aloe vera inner leaf juice is a viscous, cloudy to transparent liquid.

Liquid (single-strength)

Colour: Clear to caramel-coloured.

Aroma: Odourless to mildly vegetative.

Taste: Tasteless to slightly bitter.

Flakes and powder

Colour: Beige.

Aroma: Odourless to mildly vegetative.

Taste: Tasteless to slightly bitter.

8.4.3
Macroscopic characteristics

The leaf of aloe vera consists of two major parts: the outer green rind and the colourless inner leaf. The rind is the outermost waxy cuticle which acts as a barrier against moisture loss. Rind contains multiple layers. Just below the waxy cuticle lies a region wherein reside the aloe associated bacteria. Below this level is the chlorophyll rich rind region where the bulk of photosynthesis occurs. The rind is rich in oxalic acid (Mulay, Borade, & Khale, 2013); (Upton & AHP, 2012).
Between the rind and the inner leaf, the mesophyll layer containing the xylem and phloem vascular bundles (a series of tubules) can be distinguished, which run along the full length of the leaf. It contains plant’s highest concentration of anthraquinones and chromones. When the plant is well hydrated the mesophyll can be easily stripped off with the rind from gel fillet (Mulay et al., 2013); (Upton & AHP, 2012).

The inner leaf, alternatively referred to as “gel,” “pulp,” “mucilage layer,” “aquiferous tissue” is a clear, transparent, colourless mass, taking most of the leaf’s diameter, which consists of parenchymatous cells. It contains two elements: one is liquid portion of gel known as aloe vera inner leaf juice and other is cellulose rich fibrous pulp. Filleting is done by removing tip of the leaf and trimming sides of the leaf. After trimming upper and lower surfaces of leaf are removed rind is removed from the flat side of the leaf. By discarding the rind the gel is scraped off or scooped with the knife away from the rind (Mulay et al., 2013); (Upton & AHP, 2012).
Surface view: Blade thick, succulent, bayonet-shaped, narrowly-lanceolate, 30–50 cm in length, 10 cm wide at base, long-acuminate; colour green to glaucous, with whitish spots in younger plants; margin has pale, white to reddish or light-brown teeth or spines. In harsher growing areas with limited water supply, the leaves tend to grow thicker and have more parenchymatous tissue (Upton & AHP, 2012).
Transverse section: Adaxial surface slightly concave; abaxial surface markedly convex. The following layers or zones can be distinguished: outer epidermal layer with thick cuticle; green chlorenchyma layer; brown or reddish-brown ring of vascular bundles from the parenchymatous sheath of which the bitter, yellow sap exudes; and central parenchyma tissue appearing as a mucilaginous clear “gel” and occupying much of the leaf’s diameter. The cuticle, the epidermis, and the chlorenchyma constitute the rind (Upton & AHP, 2012). 
8.4.4
Microscopic characteristics

Powdered aloes are yellowish brown to dark reddish brown. Microscopically, Cape Aloe appears as transparent brown or greenish brown irregular and angular fragments; Curacao Aloe shows fragments with numerous minute acicular crystals embedded in an amorphous matrix.
The leaf of aloe vera consists of the following tissues: epidermis, chlorenchyma, vascular bundles, and colourless inner parenchyma.

8.4.5
Solubility

Water-soluble extracts: Not less than 50%.
8.4.6
Moisture content

Not more than 10% for Cape Aloe, and not more than 12% for Curacao or Barbados Aloe.
8.4.7
Markers and quantitative methods

Curacao or Barbados Aloe, derived from Aloe vera (L.) Burm. f.: Contains not less than 28% of hydroxyanthracene derivatives, expressed as barbaloin.
8.4.8
NIR spectroscopy

Quantitative analysis of total anthracene glycosides, calculated as barbaloin, is performed by spectrophotometry.
8.4.9
Adulterants and adulterations (Upton & AHP, 2012)
A variety of other Aloe species are traded commercially and sometimes are not accurately declared as to proper species. A number of Aloe species (e.g., A. ferox, A. arborescens, and A. perryi) are readily differentiated by the shape of the leaves. 

Maltodextrin is commonly used as a carrier during spray-drying of aloe vera leaf juices in the manufacture of powdered concentrates. For this purpose, the ratio of maltodextrin to juice powder is typically 1:1, corresponding to the concentration of 50% dry weight in the finished product. Maltodextrin may also be added to artificially enhance polysaccharide content and has historically been one of the most common adulterants in aloe vera inner leaf juice products. If not fully disclosed in labeling, maltodextrin is considered an adulterant. 

Dilution is another issue of concern, as products may contain added water that can decrease product quality and potency thus affecting the efficacy of the product. 

Products labelled “aloe vera inner leaf juice” should consist solely of the liquid from the inner leaf. Isocitrate (isocitric acid) was established by IASC as a negative marker for the inner leaf. According to IASC guidelines, aloe vera leaf juice products that contain more than 5% dry weight of isocitric acid should be labelled as “Aloe vera leaf juice,” not “Aloe vera inner leaf juice”.
8.4.10
Standard preparations

Powdered whole leaf; dried Aloe vera exude; dried Aloe vera juide; dried Aloe vera inner leaf juice; Aloe vera leaf juice; Aloe vera inner leaf juice and preparations thereof for oral or external use.
9
Packing and marking

9.1
Packing

9.1.1
The aloe raw material shall be packed in acceptable containers that will withstand normal usage and transportation, and prevent any risk of contamination and significant losses.

9.1.2
Hygroscopic raw material shall be packed in airtight containers. Silica gel bags or capsules may be placed into these containers to absorb residual moisture.

9.1.3
Raw material sensitive to light shall be packed in containers that are light-resistant.

9.1.4
Liquid raw material shall be packed in leak-proof containers.
9.1.5
Aloe gel shall be packed into airtight, rigid plastic containers immediately after processing and placed in a refrigerator or cold room to allow the gel to set before transportation.

9.1.6
Fresh aloe fillets shall be pasteurised and packed in plastic bags, in boxes or plastic containers. Fillets may also be frozen and packed in plastic containers. It is recommended that fresh aloe fillets be vacuum-packed.

9.1.7
Powdered raw material shall be packed in plastic bags and placed inside an airtight container.

9.1.8
Lumps shall be packed in plastic bags and sealed in metal drums, or they shall be packed in airtight plastic containers.
9.2
Marking

The following information shall appear in legible and indelible marking on the outside of each container or on a label attached to the container:

(a)
the name of product (type of raw material);

(b)
the species of aloe;

(c)
the method of collection (i.e. wild or farmed);

(d)
the geographical origin of the aloe and sap;

(e)
the classification or grade, e.g. pharmaceutical grade or food grade;

(f)
the batch number;

(g)
the manufacturer’s trade name or trademark (or both);

(h)
the manufacturer’s physical address;

(i)
the date of manufacture; and

(j)
the weight of the product.

NOTE
The symbol for organic certification may be exhibited on products that have organic certification.
Annex A
(informative)

Aloe industry production steps and products
[image: image13.emf]
Figure A.1: Flow diagram summarising the production steps and products in the aloe industry as discussed below. Shaded blocks represent the final products.
Annex B
(informative)

Sampling procedures
B.1
General

The following sampling procedure shall be applied in determining whether a lot submitted for inspection and testing complies with the relevant requirements of this standard. The sample so drawn shall be deemed to represent the lot.

B.2
Definitions

B.2.1

batch

defined quantity of material produced from a single process or, in the case of a continuous production process, the material produced in a defined cycle of manufacture that is intended or purported to be homogeneous in character and quality

NOTE 1
Small batches may be combined and blended together to form a uniform batch.

NOTE 2
A batch of bitters with a low aloin content can be mixed with a batch of bitters with a high aloin content resulting in a batch with the required aloin content.

B.2.2

defective

aloe raw material that fails in one or more respects to comply with the requirements of this standard

B.2.3

lot

the quantity of aloe raw material that bears the same batch identification, from one manufacturer, and submitted at any one time for inspection and testing
B.3
Sample for inspection

B.3.1
The leaves shall be visually inspected for damage (black spots or blemishes), discolouring or disease. The leaves shall be inspected when collected from the field and when washed for processing. Infected leaves shall be discarded.

B.3.2
Aloe lump shall be visually inspected at the top, middle and bottom of the container, if possible, before it is crushed or milled into smaller lumps.

B.4
Sample for testing

B.4.1
Sampling of gel, juice and powder products

B.4.1.1
Take 3 g of powdered sample from the top, middle and bottom of each container per batch of product.

B.4.1.2
Before drawing a liquid sample, thoroughly mix the contents of the relevant container. Take 3 mL of liquid sample from the top, middle and bottom of each container per batch of product.

B.4.1.3
Transfer into a clean, dry, air-tight container clearly marked with the sample identification, batch number and date of sampling.

B.4.1.4
Take a composite of each sampling container and mix a sufficient amount for all the required tests.

B.4.1.5
Store the remainder of the samples for retention purposes.

B.4.2
Sampling of aloe lump

B.4.2.1
Take samples from the containers originating from the same area in a radius of not more than 30 km.

B.4.2.2
Remove samples from each container in proportion to the size of the container to make up a sufficient amount of the pooled sample for all the testing requirements and for retention purposes.

B.5
Compliance with this standard

The lot shall be deemed to comply with the requirements of this standard if, after inspection and testing of the samples taken in accordance with B.1, B.3 and B.4, no defective is found.
Annex C
(normative)

Determination of loss on drying
NOTE
This annex applies to the Aloe vera exude lump, bitter leaf (latex) powder, gel powder, whole leaf powder, filtrated whole leaf powder.

C.1
Apparatus and glassware

C.1.1
Drying oven, capable of operating between 100 °C ± 1 °C and 110 °C ± 1 °C.

C.1.2
Balance, accurate up to three decimals.

C.1.3
Desiccator.

C.1.4
Sample holder.

C.2
Procedure

C.2.1
Determine the mass of the sample holder.

C.2.2
Accurately weigh approximately 20 g ± 0.1 g of sample into the holder.

C.2.3
Dry in an oven at 105 °C ± 1 °C for 24 h.

C.2.4
Cool in a desiccator for 30 min to 60 min.

C.2.5
Determine the mass of the holder with the sample to the third decimal without delay.
C.3
Calculation

Calculate the loss on drying using the following formula:
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where

L
is the loss on drying as a mass fraction, expressed as a percentage;

B
is the mass of the sample holder and sample before drying, in grams;

C
is the mass of the sample holder and sample after drying, in grams;

A
is the mass of the sample holder, in grams.
Annex D
(normative)

Identification of Aloe vera sap raw materials
NOTE
This annex applies to raw materials derived Aloe vera exude: Aloe vera latex, Aloe vera lump, Bitter leaf extract powder, Aloe lump powder, Aloe granulated sap. This annex references the British Pharmacopoeia 2012 (BPCO, 2012)
D.1
Apparatus and glassware

D.1.1
Ultraviolet light source, capable of observing a 365 nm wavelength.

D.1.2
Flat silica gel glass plates (TLC), of size 20 cm × 20 cm.

D.1.3
Developing chamber with a lid.

D.1.4
Graduated micropipettes, capable of delivering 5 μL.

D.1.5
Volumetric flasks for volumes of 20 mL.

D.1.6
Balance, accurate up to three decimals.

D.1.7
Oven, capable of operating at 110 °C ± 1 °C.
D.1.8
Drying: In air. 

D.1.9
Application: 10 µL, as bands of 20 mm by maximum 3 mm. 

D.1.10
Development: Over a path of 10 cm. 

D.2
Reagents

D.2.1
Methanol of analytical grade.

D.2.2
Ethyl acetate of analytical grade.

D.2.3
Methanolic potassium hydroxide.

D.2.4
Reference solution: Dissolve 25 mg of barbaloin in methanol and dilute to 10 mL with the same solvent.
D.3
Solvent system: A 13:17:100 (V/V/V) mixture of water, methanol and ethyl acetate.

D.4
Procedure

D.4.1
To 0.25 g of the powdered lump or bitters in a volumetric flask add 20 mL of methanol and heat to boiling in a water-bath. Shake for a few minutes and decant the solution. Store at about 4 °C and use within 24 h.
D.4.2
Detection A Spray with a 100 g/L solution of potassium hydroxide in methanol and examine in ultraviolet light at 365 nm. 

D.4.3
Results A The chromatogram obtained with the test solution at a retention factor (Rf) of 0.4 to 0.5 shows in the central part a yellow fluorescent zone (barbaloin) similar in position to the zone due to barbaloin in the chromatogram obtained with the reference solution and in the lower part a light blue fluorescent zone (aloesine) corresponds with aloinosides A and B.
D.4.4
Detection B Heat at 110 °C for 5 min. 

D.4.5
Results B In the chromatogram obtained with the test solution, a violet fluorescent zone appears just below the zone due to barbaloin. The violet zone (7-hydroxyaloin) is absent in Aloe ferox.
D.4.4
Shake 1 g of the powdered drug with 100 mL of boiling water. Cool, add 1 g of talc and filter. To 10 mL of the filtrate add 0.25 g of disodium tetraborate and heat to dissolve. Pour 2 mL of this solution into 20 mL of water. Yellowish-green fluorescence appears which is particularly marked in ultraviolet light at 365 nm. 

D.4.4
To 5 mL of the filtrate obtained in identification test B add 1 mL of freshly prepared bromine water. A brownish-yellow precipitate is formed and the supernatant liquid is violet.
Annex E
(normative)

Determination of aloin content
E.1
Apparatus and glassware

E.1.1
High performance liquid chromatography (HPLC): The HPLC system must be equipped with a diode-array detector or UV detector capable of monitoring at 275 nm or 357 nm, sample injection system, pump capable of delivering constant flow up to 600 bar, temperature-controlled column compartment, and computing data processor. Equilibrate the HPLC system with the mobile phase prior to analysis.
E.1.2
Reverse phase column, that uses a C18 cartridge with 5 μm particle size, a column length of 250 mm and a diameter of 4.6 mm.

E.1.3
Volumetric flasks, for the calibration standard.

E.2
Reagents

E.2.1
Methanol: HPLC grade or equivalent.

E.2.2
Water: HPLC grade or equivalent.

E.2.3
Reference standard, consisting of pure aloin that contains both aloin A and aloin B in equal quantities.
E.3
Mobile phase

Methanol and water.

Mobile phase A: 100 % water.

Mobile phase B: 100 % methanol.

E.4
Stability and Storage of Preparations

Refrigeration of test samples at 4 °C will maintain a relative stability of aloins for up to 2 weeks.
E.5
Solvent system

For the solvent system, run a 40 % to 100 % linear gradient of methanol in water at a flow rate of 1 mL/min. The program for the elusion gradient is indicated in Table E.1.

Table E.1 — Elusion gradient
	1
	2

	Time, min
	Value, % B

	0.00
	40.0

	1.00
	80.0

	13.00
	100.0

	14.00
	100.0

	19.00
	0.0

	21.00
	40.0


Stop the run at 33 min (allow a minimum of 10 min for the system to re-equilibrate at 40 % B).
E.6
Procedure

E.6.1
Equilibrate the HPLC system with the mobile phases prior to analysis.

E.6.2
Perform a blank injection to condition the column.
E.6.3
Accurately weigh 20 mg of the powdered sample into a 10 mL volumetric flask. Add 2 mL of 1:1 methanol:water mixture and mix.
E.6.4
Make up the reference standard in accordance with D.5.1.
E.6.5
Inject 20 μL of the reference standard into the HPLC system.
E.6.6
Inject 20 μL of the sample into the HPLC system.
E.7
Interpretation of results

E.7.1
Both aloins (A and B) have the characteristic ultraviolet visible spectroscopy (UV/VIS) spectrum, with maximum wavelength at 268, 295 and 355.
E.7.2
The peak area for the combined aloin A and aloin B is calculated using the following formula:


[image: image15.wmf]100

´

=

å

A

AaloinA

A

P

P

R


where

RA
is the ratio of aloin A, expressed as a percentage;

PA
is the peak area;

(
is the sum of the total peak area.
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where

RB
is the ratio of aloin B, expressed as a percentage;

PA
is the peak area;

(
is the sum of the total peak area.

RA + RB ( 28.0 %.

NOTE
An accurate determination of aloin values can be done by using a predetermined gradient curve from a series of injections of pure aloin reference standard. Aloin should not be present in aloe gel. Using this method can determine the presence, and the level, of aloin in an aloe gel sample. For routine analysis of aloe bitters however, the level of aloin in the product, expressed as a percentage of total peak area (of all peaks), is acceptable and adequate.
Annex F
(normative)

Determination of alcohol insoluble solids
F.1
Apparatus and glassware

F.1.1
Centrifuge.

F.1.2
Balance, accurate up to three decimals.

F.1.3
Drying oven, capable of operating between 100 °C ± 1 °C and 110 °C ± 1 °C.

F.1.4
Freeze-dryer.

F.1.5
Volumetric flasks, for volumes of 10 mL.

F.1.6
Freeze-drying flasks.

F.1.7
Centrifuge tubes.

F.2
Reagents

F.2.1
Ethanol, of alcohol absolute analytical grade that contains not less than 99.5 % C2H6O.
F.2.2
Distilled water.

F.3
Solubility test

F.3.1
Accurately weigh 20 mg of the spray-dried powdered sample into a volumetric flask.

F.3.2
Add 2 mL of water and mix for 15 min at room temperature.

F.3.3
Transfer the mixture into the centrifuge tube and centrifuge at 2 000 r/min for 10 min.

F.3.4
Determine the mass of a freeze-drying flask.

F.3.5
Carefully decant the supernatant into a volumetric flask.

F.3.6
Transfer the residue into the freeze-drying flask in F.3.4.

F.3.7
Place the freeze-drying flask into the freeze-dryer and dry the residue.

F.3.8
Determine the mass of the freeze-drying flask and the residue.

F.3.9
Determine the mass of the residue (an indication of purity) using the following formula:
M1 = F1 − D1
where

M1
is the mass of the dry residue, in grams;

F1
is the mass of the dry residue and flask, in grams;

D1
is the mass of the freeze-drying flask, in grams.
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where

S
is the solubility of the residue, expressed as a percentage;

M1
is the mass of the residue, in grams;

K
is the mass of the sample, in grams.

F.4
Test for alcohol precipitable solids

F.4.1
Add 6 mL of 80 % ethanol to the supernatant in F.3.5.

F.4.2
Stir the solution for 10 min at room temperature.

F.4.3
Determine the mass of a centrifuge tube.

F.4.4
Carefully transfer the solution into the centrifuge tube and centrifuge at 2 000 r/min for 10 min.
F.4.5
Decant the supernatant and dry the residue in the tube at 100 °C in a drying oven.

F.4.6
Immediately place in a dessicator to cool.

F.4.7
Immediately determine the mass of the residue and the tube.

F.4.8
Determine the alcohol precipitable solids of the sample using the following formula:
M2 = F2 – D2
where

M2 is the mass of the dry residue, in grams;

F2 is the mass of the dry residue and tube, in grams;

D2 is the mass of the centrifuge tube, in grams.
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where

P
is the precipitable solids as a mass fraction, expressed as a percentage;

M2
is the mass of the dry residue, in grams;

K
is the mass of the sample, in grams
Annex G
(normative)

Determination of total ash
Heat a silica or platinum crucible to redness for 30 min, allow to cool in a desiccator and weigh. Unless otherwise prescribed, evenly distribute 1.00 g of the substance or the powdered vegetable drug to be examined in the crucible. Dry at 100 °C to 105 °C for 1 h and ignite to constant mass in a muffle furnace at 600 °C ± 25 °C, allowing the crucible to cool in a desiccator after each ignition. Flames should not be produced at any time during the procedure. If after prolonged ignition the ash still contains black particles, take up with hot water, filter through an ashless filter paper and ignite the residue and the filter paper. Combine the filtrate with the ash, carefully evaporate to dryness and ignite to constant mass.
Annex H
(informative)

Pharmacological properties and applications of Aloe vera 
H.1
Pharmacological properties

H.1.1
Pharmacodynamic properties

The pharmacological activities documented for Aloe vera include wound healing, immunostimulation, antitumor, anti-burn, antibacterial, analgesic, antifungal, anti-asthmatic, anti-inflammatory, anti-helminthic, aperients, carminative, de-obstruent, depurative, diuretic, stomachic, emmenagogue and antipyretic effects. Juice is used in skin care medicine, dyspepsia, amenorrhea, burns, colic, hyperadenosis, hepatopathy, splenopathy, constipation, span menorrhea, abdominal tumors, dropsy carbuncles, sciatica, lumbago and flatu-lence. The elio, a product made by juice of this plant, is used for helminthiasis in children and is a purgative, anthelmintic and emmenagogue. 

Traditionally, Aloe vera gel is used both, topically (treatment of wounds, minor burns, and skin irritations) and internally to treat constipation, coughs, ulcers, diabetes, headaches, arthritis, immune-system deficiencies. 

The following is a summary of pharmacological activities attributed to aloe vera.

Wound healing

Wound healing is a dynamic process, occurring in 3 phases. The first phase is inflammation, hyperaemia and leukocyte infiltration. The second phase consists of removal of dead tissue. The third phase of proliferation consisting of epithelial regeneration and formation of fibrous tissue. Cumulative evidence supports the use of Aloe vera for the healing of first to second degree burns. The wound healing property of Aloe vera gel has been attributed to Man-nose-6-phosphate. The Aloe administration influence collagen composition (more type III) and increased collagen cross linking for wound contraction and improving breaking strength. It also increases synthesis of hyaluronic acid and derma-tan sulfate in the granulation tissue of a healing wound (Sahu et al., 2013); (Choi et al., 2001); (Gupta & Malhotra, 2012); (Mukherjee et al., 2014); (Mulay et al., 2013); (Nandal & Bhardwaj, 2012); (Chatterjee et al., 2013).
Anti-inflammatory action

Aloe vera has anti-thromboxane properties, which dilate arteries and enhance local blood flow to treat inflammation. The anti-inflammatory activity of Aloe vera gel has been revealed by a number of in vitro and in vivo studies through bradykinase activity. The peptidase bra-dykinase was isolated from aloe and shown to break down the bradykinin, an inflammatory substance that induces pain. A novel anti-inflammatory compound, C-glucosyl chromone, was isolated from gel extracts. Aloe vera inhibits the cyclo-oxygenase pathway and reduces prostaglandin E2 production from arachidonic acid. The aloe sterol includes campesterol, β-sitosterol, lupeol, and cholesterol which are anti-inflammatory in nature, helps in reducing the inflammation pain and act as a natural analgesic. Other aspirin-like compound present in Aloe is responsible for anti-inflammatory and antimicrobial properties (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011); (Langmead et al., 2004). 
Immunomodulatory action

Acemannan can directly stimulate immunity through potentiation of lymphocyte response to alloantigen; activation of nitric oxide production by macrophages and cytokines (IL-1, 6, IFN, TNF); enhancement of phagocytosis; and increment of circulating monocytes and macrophages (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011); (Langmead et al., 2004); (Nandal & Bhardwaj, 2012); (Chatterjee et al., 2013).
Anti-oxidant and anti-aging effects

It has been reported by several authors that different fractions of A. vera as well as unfractionated whole gel have anti-oxidant effects. Glutathione peroxidise activity, superoxide dismutase enzymes and a phenolic antioxidant were found to be present in A. vera gel, which may be responsible for these anti-oxidant effects. Muco-polysaccharides help in binding moisture into the skin. The amino acids also soften hardened skin cells and zinc acts as an astringent to tighten pores. Its moisturizing effects have also been studied in treatment of dry skin associated with occupational exposure where Aloe vera gel gloves improved the skin integrity, decrease appearance of acne wrinkle and decrease erythema. The Aloe gel gives cooling effect and also acts as a moisturizing agent. It also has role in gerontology and rejuvenation of aging skin. This property of Aloe is because it’s biogenic material. Aloe vera is used as skin tonic in cosmetic industry (Sahu et al., 2013); (Singh et al., 2011); (Chatterjee et al., 2013).
Laxative effects
Anthraquinones present in latex are a potent laxative; it’s stimulating mucus secretion, increase intestinal water content and intestinal peristalsis. The Aloe are due primarily to the 1, 8-dihydroxyanthracene glycosides, aloin A and B (formerly designated barbaloin). After oral administration aloin A and B, which are not absorbed in the upper intestine, are hydrolysed in the colon by intestinal bacteria and then reduced to the active metabolites (the main active metabolite is aloe-emodin-9-anthrone), which like senna acts as a stimulant and irritant to the gastrointestinal tract. Aloe latex is known for its laxative properties. The laxative effect of Aloe is not generally observed before 6 hours after oral administration, and sometimes not until 24 or more hours after (Sahu et al., 2013);.
Anti-diabetic effect

Some studies have indicated that Aloe vera gel possesses antidiabetic activity. Diets containing aloe gel to the diet have demonstrated a marked reduction in total cholesterol, triglycerides, fasting and post-prandial blood sugar levels in diabetic patients, decrease in total lipid and increase in high-density lipoprotein (HDL) (Yongchaiyudha & Rungpitarangsi, 1996). Clinical trials suggest that oral administration of Aloe gel might be a useful appendage for lowering blood glucose in patients with diabetes (Mukherjee et al., 2014); (Sahu et al., 2013); (Nandal & Bhardwaj, 2012).
Antitumor activity
A number of glycoproteins present in Aloe vera gel have been reported to have antitumor and antiulcer effects and to increase proliferation of normal human dermal cells. In recent studies, a polysaccharide fraction has shown to inhibit the binding of benzopyrene to primary rat hepatocytes, thereby preventing the formation of potentially cancer-initiating benzopyrene-DNA adducts. Different studies indicated anti-tumour activity for A. vera gel in terms of reduced tumour burden, tumour shrinkage, tumour necrosis and prolonged survival rates. An induction of glutathione S-transferase and an inhibition of the tumour-promoting effects of phorbol myristic acetate has also been reported which suggest a possible benefit of using aloe gel in cancer chemoprevention (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011); (Chatterjee et al., 2013).
Anti-cancer effect

The two fractions from aloes that are claimed to have anti-cancer effects include glycoproteins (lectins) and polysaccharides. Aloe vera juice enables the body to heal itself from cancer and also from the damage caused by radio and chemotherapy that destroys healthy immune cells crucial for the recovery. Aloe vera emodin, an anthraquinone, has the ability to suppress or inhibit the growth of malignant cancer cells making it to have anti-neoplastic properties. A. vera gel has also shown chemopreventative and anti-genotoxic effects on benzo[α]pyrene-DNA adducts. One mechanism of action that was proposed for these anti-cancer effects of aloe polysaccharides is stimulation of the immune response (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011). 
Stress
Aloe juice is helpful in smooth functioning of the body machinery. It reduces cell-damaging process during stress condition and minimizes biochemical and physiological changes in the body. Oxidative stress refers to chemical reactions in which compounds have their oxidative state changed. Some antioxidants are part of the body’s natural regulating machinery while other dietary antioxidants are derived from diet sources. Aloe vera is an excellent example of a functional food that plays a significant role in protection from oxidative stress (Sahu et al., 2013); (Chatterjee et al., 2013).
Antiseptic
The antiseptic property of Aloe vera is due to presence of six antiseptic agents namely lupeol, salicylic acid, urea nitrogen, cinnamonic acid, phenols and sulphur. These compounds have inhibitory action on fungi, bacteria and viruses. Though most of these uses are interesting controlled trials are essential to determine its effectiveness in all diseases (Sahu et al., 2013);.
Antibacterial activity
Glucomannan and acemannan have been proved to accelerate wound healing, activating macrophages, stimulating immune system as well antibacterial and antiviral effects. Aloe gel (acemannan) has been reported to have antibacterial activity against Staphylococcus aureus, Staphylococcus typhi, Streptococcus species, Candida albicans, E. coli, Klebsiella pneumoniae, Enterobacter cloacae, Citrobacter species, Serratia marcescens, Pseudomonas aeruginosa and other bacteria’s. The aloe extract has been shown to be potent against three strains of Mycobacterium (M. fortuitum, M. smegmatis and M. kansasii) and a strong anti-mycobacterial activity against M. tuberculosis. Aloe gel also speed up the rate of healing, decreases the synthesis of prostanoids and inhibits infection by Pseudomonas aeruginosa (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011).
Antiviral activity
Anthraquinone derivatives have been found to inhibit several viruses in vitro, including herpes simplex of type 1 and type 2, pseudo-rabies, varicella-zoster and influenza. A purified sample of aloe emodin is effective against infectivity of herpes simplex virus Type 1 and Type 2 and it is capable of inactivating all of the viruses, including varicella-zoster virus, influenza virus, and pseudorabies virus. Acemannan has been reported in vitro to have anti-HIV/AIDS activity through amplifying the production and function of cytotoxic T cells in a dose-dependent manner. Acemannan in combination with the antiviral agent Azidothymidine (AZT) and acyclovir protected the cells from rapid HIV-1 replication induced premature cell death. Consequently, Aloe extract has been considered as a probable therapy for AIDS, alone or in association with other antiviral drug to reduce the dosage and side-effects of antiviral treatment up to 90%. Dianthrones and other anthraquinone derivatives like rhein and emodin have antiviral activity against human cytomegalovirus but, due to their low bioavailability systemic antiviral effects are less. Two randomized clinical trials indicate that topical application of Aloe vera might be effective against the first episodes of genital herpes (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011); (Nandal & Bhardwaj, 2012).
Antifungal activity
Test s have shown an inhibitory effect of the pulp of A. vera on F. oxysporum at 104 μl L-1 and the liquid fraction reduced the rate of colony growth at a concentration of 105 μl L-1 in R. solani, F. oxysporum, and C. coccodes. Aloe gel inhibits the growth of Trichophyton mentagrophytes (20.0 mm), while the leaf possesses inhibitory effects on both Pseudomonas aeruginosa and Candida albicans. Another constituent of Aloe vera includes saponins. These are soapy substances from the gel that are capable of cleansing and having antiseptic properties. The saponins perform strongly as anti-microbial against bacteria, viruses, fungi and yeasts (Sahu et al., 2013); (Bernardes et al., 2012).
Psoriasis
Anthrones have long been used as antipsoriatic agents but, their mode of action is not known exactly, although many biological molecules and receptors have been identified as potential targets of anthrones. The antipsoriatic activity of anthrones is probably due to; inhibition of O2 utilization by cells, a reduction in size of the intracellular spaces, decrease in ribosomes and mitochondria, interaction with DNA, inhibition of various enzyme associated with cell proliferation and inflammation, interfere with redox reaction resulting in mitochondrial damage, destruction of membrane lipids in the psoriatic epidermis etc. had all been noted (Mukherjee et al., 2014). 
Hyperlipidaemia, atherosclerosis and coronary heart disease
Coronary heart disease associated with the accumulation of blood fats/lipids in the lining of the arteries is one of the major causes of death in the world. Several studies in animal models as well as in human have suggested that the ingestion of aloe gel may have beneficial effect by lowering serum cholesterol, serum triglycerides and serum phospholipids, which when elevated, seem to accelerate the deposition of fatty material in the large and medium sized arteries, including the coronary arteries of the heart. The ingestion of aloe vera gel has also been shown to increase the proportion in the high density lipoprotein (HDL) (Mukherjee et al., 2014); (Singh et al., 2011); (Nandal & Bhardwaj, 2012); (Chatterjee et al., 2013).
Hepatoprotective activities
Histopathological studies have confirmed the curative efficacy of the water extract of A. vera against carbon tetrachloride induced liver damage as indicated by reversal of centrilobular necrosis, macro-vascular fatty changes and scattered lymphomononuclear cell infiltrate in hepatic parenchyma. Furthermore, an increase in bile flow and bile solids as a result of treatment with the extract suggests stimulation of the secretory activity of the liver cells. The hepatoprotective action is also attributed to preserving the metabolizing enzymes of the liver through an antioxidant activity (Singh et al., 2011); (Nandal & Bhardwaj, 2012).
Anti-ulcer activity
Scientific investigations undertaken in animal models (laboratory rats) have shown that if aloe gel is administered prior to the ulcer-including stress (immobilization), there is an 80% decrease in the number of ulcers found compared with the control animals given saline instead other aloe vera gel (Singh et al., 2011). 
Arthritis

Aloe vera juice plays a very important role in treating arthritis patients. Aloe juice is a stimulant to the immune system due to presence of different enzymes. It is a powerful anti-inflammatory agent, analgesic, is able to speed up cell growth, thus it repairs arthritis damaged tissue. Aloe vera juice, when taken orally and applied externally, helps in repair process by regenerating cell and detoxifying the affected area. Aloe vera is believed to reduce severe joint and muscle pain associated with arthritis, as well as pain related to tendinitis and injuries. When applied directly to the area of pain, Aloe vera penetrates the skin to soothe the pain. Studies have also found that ingestion of Aloe vera on a daily basis can help prevent and cause a regression of adjutant arthritis (Nandal & Bhardwaj, 2012).
Aloe vera in dentistry

There are several uses of Aloe vera in dental practice (Wadhawan et al., 2014): 

(1)
Periodontal surgery. 

(2)
Applications to the gingival tissues when they have been traumatized or scratched by toothbrush-dentifrice abrasion, sharp foods, dental floss, and toothpick injuries. 

(3)
Chemical burns from accidents with aspirin. 

(4)
Extraction sockets 

(5)
Acute mouth lesions such as herpetic viral lesions, aphthous ulcers & cracks occurring at the corners of our lips. 

(6)
Periodontal & gingival abscesses are soothed by the applications as well. 

(7)
Chronic oral diseases Lichen Planus and Benign Pemphigus, gingiva problems associated with AIDS and Leukemia. 

(8)
Migratory glossititis, geographic tongue and Burning Mouth Syndrome. 

(9)
Denture patients with sore ridges and ill-fitting dentures 

(10)
Dental implants
Anxiolytic activity

Results from animal experiments suggest that Aloe vera may have anxiolytic potential with sedative action (Chatterjee et al., 2013); (Najam & Sultana, 2012).
H.1.2
Clinical studies

Wound healing

Clinical studies confirming the efficacy of aloe vera in wound healing have been reported by various authors (Maenthaisong et al., 2007); (Sahu et al., 2013); (Mukherjee et al., 2014); (Mulay et al., 2013); (Nandal & Bhardwaj, 2012); (Chatterjee et al., 2013).
Anti-inflammatory action

Aloe vera has anti-thromboxane properties, which dilate arteries and enhance local blood flow to treat inflammation. The anti-inflammatory activity of Aloe vera gel has been revealed by a number of in vitro and in vivo studies through bradykinase activity. The peptidase bra-dykinase was isolated from aloe and shown to break down the bradykinin, an inflammatory substance that induces pain. A novel anti-inflammatory compound, C-glucosyl chromone, was isolated from gel extracts. Aloe vera inhibits the cyclo-oxygenase pathway and reduces prostaglandin E2 production from arachidonic acid. The aloe sterol includes campesterol, β-sitosterol, lupeol, and cholesterol which are anti-inflammatory in nature, helps in reducing the inflammation pain and act as a natural analgesic. Other aspirin-like compound present in Aloe is responsible for anti-inflammatory and antimicrobial properties (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011); (Langmead et al., 2004). 
Immunomodulatory action

Acemannan can directly stimulate immunity through potentiation of lymphocyte response to alloantigen; activation of nitric oxide production by macrophages and cytokines (IL-1, 6, IFN, TNF); enhancement of phagocytosis; and increment of circulating monocytes and macrophages (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011); (Langmead et al., 2004); (Nandal & Bhardwaj, 2012); (Chatterjee et al., 2013).
Anti-oxidant and anti-aging effects

It has been reported by several authors that different fractions of A. vera as well as unfractionated whole gel have anti-oxidant effects. Glutathione peroxidise activity, superoxide dismutase enzymes and a phenolic antioxidant were found to be present in A. vera gel, which may be responsible for these anti-oxidant effects. Muco-polysaccharides help in binding moisture into the skin. The amino acids also soften hardened skin cells and zinc acts as an astringent to tighten pores. Its moisturizing effects have also been studied in treatment of dry skin associated with occupational exposure where Aloe vera gel gloves improved the skin integrity, decrease appearance of acne wrinkle and decrease erythema. The Aloe gel gives cooling effect and also acts as a moisturizing agent. It also has role in gerontology and rejuvenation of aging skin. This property of Aloe is because it’s biogenic material. Aloe vera is used as skin tonic in cosmetic industry (Sahu et al., 2013); (Singh et al., 2011); (Chatterjee et al., 2013).
Laxative effects
Anthraquinones present in latex are a potent laxative; it’s stimulating mucus secretion, increase intestinal water content and intestinal peristalsis. The Aloe are due primarily to the 1, 8-dihydroxyanthracene glycosides, aloin A and B (formerly designated barbaloin). After oral administration aloin A and B, which are not absorbed in the upper intestine, are hydrolysed in the colon by intestinal bacteria and then reduced to the active metabolites (the main active metabolite is aloe-emodin-9-anthrone), which like senna acts as a stimulant and irritant to the gastrointestinal tract. Aloe latex is known for its laxative properties. The laxative effect of Aloe is not generally observed before 6 hours after oral administration, and sometimes not until 24 or more hours after (Sahu et al., 2013);.
Anti-diabetic effect

Some studies have indicated that Aloe vera gel possesses antidiabetic activity. Diets containing aloe gel to the diet have demonstrated a marked reduction in total cholesterol, triglycerides, fasting and post-prandial blood sugar levels in diabetic patients, decrease in total lipid and increase in high-density lipoprotein (HDL) (Yongchaiyudha & Rungpitarangsi, 1996). Clinical trials suggest that oral administration of Aloe gel might be a useful appendage for lowering blood glucose in patients with diabetes (Mukherjee et al., 2014); (Sahu et al., 2013); (Nandal & Bhardwaj, 2012).
Antitumor activity
A number of glycoproteins present in Aloe vera gel have been reported to have antitumor and antiulcer effects and to increase proliferation of normal human dermal cells. In recent studies, a polysaccharide fraction has shown to inhibit the binding of benzopyrene to primary rat hepatocytes, thereby preventing the formation of potentially cancer-initiating benzopyrene-DNA adducts. Different studies indicated anti-tumour activity for A. vera gel in terms of reduced tumour burden, tumour shrinkage, tumour necrosis and prolonged survival rates. An induction of glutathione S-transferase and an inhibition of the tumour-promoting effects of phorbol myristic acetate has also been reported which suggest a possible benefit of using aloe gel in cancer chemoprevention (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011); (Chatterjee et al., 2013).
Anti-cancer effect

The two fractions from aloes that are claimed to have anti-cancer effects include glycoproteins (lectins) and polysaccharides. Aloe vera juice enables the body to heal itself from cancer and also from the damage caused by radio and chemotherapy that destroys healthy immune cells crucial for the recovery. Aloe vera emodin, an anthraquinone, has the ability to suppress or inhibit the growth of malignant cancer cells making it to have anti-neoplastic properties. A. vera gel has also shown chemopreventative and anti-genotoxic effects on benzo[α]pyrene-DNA adducts. One mechanism of action that was proposed for these anti-cancer effects of aloe polysaccharides is stimulation of the immune response (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011). 
Stress
Aloe juice is helpful in smooth functioning of the body machinery. It reduces cell-damaging process during stress condition and minimizes biochemical and physiological changes in the body. Oxidative stress refers to chemical reactions in which compounds have their oxidative state changed. Some antioxidants are part of the body’s natural regulating machinery while other dietary antioxidants are derived from diet sources. Aloe vera is an excellent example of a functional food that plays a significant role in protection from oxidative stress (Sahu et al., 2013); (Chatterjee et al., 2013).
Antiseptic
The antiseptic property of Aloe vera is due to presence of six antiseptic agents namely lupeol, salicylic acid, urea nitrogen, cinnamonic acid, phenols and sulphur. These compounds have inhibitory action on fungi, bacteria and viruses. Though most of these uses are interesting controlled trials are essential to determine its effectiveness in all diseases (Sahu et al., 2013);.
Antibacterial activity
Glucomannan and acemannan have been proved to accelerate wound healing, activating macrophages, stimulating immune system as well antibacterial and antiviral effects. Aloe gel (acemannan) has been reported to have antibacterial activity against Staphylococcus aureus, Staphylococcus typhi, Streptococcus species, Candida albicans, E. coli, Klebsiella pneumoniae, Enterobacter cloacae, Citrobacter species, Serratia marcescens, Pseudomonas aeruginosa and other bacteria’s. The aloe extract has been shown to be potent against three strains of Mycobacterium (M. fortuitum, M. smegmatis and M. kansasii) and a strong anti-mycobacterial activity against M. tuberculosis. Aloe gel also speed up the rate of healing, decreases the synthesis of prostanoids and inhibits infection by Pseudomonas aeruginosa (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011).
Antiviral activity
Anthraquinone derivatives have been found to inhibit several viruses in vitro, including herpes simplex of type 1 and type 2, pseudo-rabies, varicella-zoster and influenza. A purified sample of aloe emodin is effective against infectivity of herpes simplex virus Type 1 and Type 2 and it is capable of inactivating all of the viruses, including varicella-zoster virus, influenza virus, and pseudorabies virus. Acemannan has been reported in vitro to have anti-HIV/AIDS activity through amplifying the production and function of cytotoxic T cells in a dose-dependent manner. Acemannan in combination with the antiviral agent Azidothymidine (AZT) and acyclovir protected the cells from rapid HIV-1 replication induced premature cell death. Consequently, Aloe extract has been considered as a probable therapy for AIDS, alone or in association with other antiviral drug to reduce the dosage and side-effects of antiviral treatment up to 90%. Dianthrones and other anthraquinone derivatives like rhein and emodin have antiviral activity against human cytomegalovirus but, due to their low bioavailability systemic antiviral effects are less. Two randomized clinical trials indicate that topical application of Aloe vera might be effective against the first episodes of genital herpes (Mukherjee et al., 2014); (Sahu et al., 2013); (Singh et al., 2011); (Nandal & Bhardwaj, 2012).
Antifungal activity
Tests have shown an inhibitory effect of the pulp of A. vera on F. oxysporum at 104 μl L-1 and the liquid fraction reduced the rate of colony growth at a concentration of 105 μl L-1 in R. solani, F. oxysporum, and C. coccodes. Aloe gel inhibits the growth of Trichophyton mentagrophytes (20.0 mm), while the leaf possesses inhibitory effects on both Pseudomonas aeruginosa and Candida albicans. Another constituent of Aloe vera includes saponins. These are soapy substances from the gel that are capable of cleansing and having antiseptic properties. The saponins perform strongly as anti-microbial against bacteria, viruses, fungi and yeasts (Sahu et al., 2013); (Bernardes et al., 2012).
Psoriasis
Anthrones have long been used as antipsoriatic agents but, their mode of action is not known exactly, although many biological molecules and receptors have been identified as potential targets of anthrones. The antipsoriatic activity of anthrones is probably due to; inhibition of O2 utilization by cells, a reduction in size of the intracellular spaces, decrease in ribosomes and mitochondria, interaction with DNA, inhibition of various enzyme associated with cell proliferation and inflammation, interfere with redox reaction resulting in mitochondrial damage, destruction of membrane lipids in the psoriatic epidermis etc. had all been noted (Mukherjee et al., 2014). 
Hyperlipidaemia, atherosclerosis and coronary heart disease
Coronary heart disease associated with the accumulation of blood fats/lipids in the lining of the arteries is one of the major causes of death in the world. Several studies in animal models as well as in human have suggested that the ingestion of aloe gel may have beneficial effect by lowering serum cholesterol, serum triglycerides and serum phospholipids, which when elevated, seem to accelerate the deposition of fatty material in the large and medium sized arteries, including the coronary arteries of the heart. The ingestion of aloe vera gel has also been shown to increase the proportion in the high density lipoprotein (HDL) (Mukherjee et al., 2014); (Singh et al., 2011); (Nandal & Bhardwaj, 2012); (Chatterjee et al., 2013).
Hepatoprotective activities
Histopathological studies have confirmed the curative efficacy of the water extract of A. vera against carbon tetrachloride induced liver damage as indicated by reversal of centrilobular necrosis, macro-vascular fatty changes and scattered lymphomononuclear cell infiltrate in hepatic parenchyma. Furthermore, an increase in bile flow and bile solids as a result of treatment with the extract suggests stimulation of the secretory activity of the liver cells. The hepatoprotective action is also attributed to preserving the metabolizing enzymes of the liver through an antioxidant activity (Singh et al., 2011); (Nandal & Bhardwaj, 2012).
Anti-ulcer activity
Scientific investigations undertaken in animal models (laboratory rats) have shown that if aloe gel is administered prior to the ulcer-including stress (immobilization), there is an 80% decrease in the number of ulcers found compared with the control animals given saline instead other aloe vera gel (Singh et al., 2011). 
Arthritis

Aloe vera juice plays a very important role in treating arthritis patients. Aloe juice is a stimulant to the immune system due to presence of different enzymes. It is a powerful anti-inflammatory agent, analgesic, is able to speed up cell growth, thus it repairs arthritis damaged tissue. Aloe vera juice, when taken orally and applied externally, helps in repair process by regenerating cell and detoxifying the affected area. Aloe vera is believed to reduce severe joint and muscle pain associated with arthritis, as well as pain related to tendinitis and injuries. When applied directly to the area of pain, Aloe vera penetrates the skin to soothe the pain. Studies have also found that ingestion of Aloe vera on a daily basis can help prevent and cause a regression of adjutant arthritis (Nandal & Bhardwaj, 2012).
Aloe vera in dentistry

There are several uses of Aloe vera in dental practice (Wadhawan et al., 2014): 

(1)
Periodontal surgery. 

(2)
Applications to the gingival tissues when they have been traumatized or scratched by toothbrush-dentifrice abrasion, sharp foods, dental floss, and toothpick injuries. 

(3)
Chemical burns from accidents with aspirin. 

(4)
Extraction sockets 

(5)
Acute mouth lesions such as herpetic viral lesions, aphthous ulcers & cracks occurring at the corners of our lips. 

(6)
Periodontal & gingival abscesses are soothed by the applications as well. 

(7)
Chronic oral diseases Lichen Planus and Benign Pemphigus, gingiva problems associated with AIDS and Leukemia. 

(8)
Migratory glossititis, geographic tongue and Burning Mouth Syndrome. 

(9)
Denture patients with sore ridges and ill-fitting dentures 

(10)
Dental implants
Anxiolytic activity: Results from animal experiments suggest that Aloe vera may have anxiolytic potential with sedative action (Chatterjee et al., 2013); (Najam & Sultana, 2012).

H.1.3
Pharmacokinetic properties

Standard methods may not detect anthranoid metabolites, so measurements of faecal excretion may not be reliable.

Urinary excretion of certain anthranoid metabolites may discolour the urine, which is not clinically relevant but which may cause false positive results for urinary urobilinogen, and for estrogens when measured by the Kober procedure.
H.2
Safety data

H.2.1
Ethnic use safety

Warning! Bitter aloe should not be taken during pregnancy, or under circumstances of excessive menstruation. Aloe gel and juice can trigger allergic reactions (characterised by redness or itching) on the skins of some people.
Topically applied, aloe is safe. However, aloe may delay healing in deep, open wounds, as from surgery. Aloe gel should be free of anthraquinones and soothing to the gastrointestinal tract, but leaf extracts can contain all parts of the leaf, and thus both gel and latex. It is important to buy aloe gel that says it is made from the inner fillet and/or that is free of aloin. Aloe juice containing aloin can act as a laxative and can irritate the intestines. Prolonged use can lead to electrolyte loss and dependence on juice for normal bowel function. Those with acute or severe gastrointestinal symptoms should not take the juice. Children and pregnant or nursing women should not take aloe internally. (Johnson & NGS(U.S.), 2012)
H.2.2
Single dose toxicity

The LD50 of orally administered aloe vera extract (0.50% total solids; 43.70% alcohol) in mice has been reported at 120 mg/kg (Lagarto Parra et al. 2001). This LD50 value is questionable, as oral administration of single doses of 0.5, 1, or 3 g/kg of aloe vera showed no signs of toxicity at either the 0.5 or 1 g/kg dose. At the 3 g/kg dose, a decrease in nervous system activity was noted.

In rats fed whole leaf powder of aloe (species unspecified) at doses of 2, 4, or 8 g/kg daily for 90 days, some incidences of pigmentation of various organs was observed.
H.2.3
Mutagenic potential

Aqueous extracts of cape aloe (5 to 100 mg/ml) gave mixed results for mutagenicity, with mutagenicity reported for tests in the Bacillus subtilis rec-assay but no mutagenicity shown in Salmonella strains TA98 or TA100.

Some genotoxicity but no cytotoxicity was noted for aloe vera pulp in a bacterial transformation assay with the pulp added to E. coli and exposed to UV light.
H.2.4
Carcinogenicity

Cancer in humans

There is inadequate evidence in humans for the carcinogenicity of Aloe vera (IARC, 2014). While chronic abuse of anthranoid-containing laxatives was hypothesized to play a role in colorectal cancer, no causal relationship between anthranoid laxative abuse and colorectal cancer has been demonstrated.
Cancer in experimental animals
There is sufficient evidence in experimental animals for the carcinogenicity of whole leaf extract of Aloe vera (IARC, 2014).
Overall evaluation

Whole leaf extract of Aloe vera is possibly carcinogenic to humans (Group 2B) (IARC, 2014).
H.3
Key (proposed) usage

H.3.1
Therapeutic indications

Emollient; Purgative; Antimicrobial; Anti-inflammatory; Anti-oxidant; Aphrodisiac; Anti-helmenthic; Antifungal; Antiseptic; Immunostimulant; and cosmetic values for health care. This plant has potential to cure sunburns, burns and minor cuts, and even skin cancer.
H.3.2
Dosage/posology
The correct individual dose is the smallest amount required to produce a soft-formed stool. As a laxative for adults and children over 10 years old, 0.04–0.11 g (Curacao or Barbados Aloe) or 0.06–0.17 g (Cape Aloe) of the dried juice, corresponding to 10–30mg hydroxyanthraquinones per day, or 0.1 g as a single dose in the evening (WHO, 1999b).
For aloe vera latex, 50–300 mg in a single dose at bedtime is recommended. Aloe latex is prepared by drying the bitter yellow juice from the pericyclic region of the leaf and is a distinct product from aloe vera gel. The latex contains the laxative compound aloin, whereas the gel does not.
H.3.4
Contraindications

As with other stimulant laxatives, products containing Aloe should not be used in patients with intestinal obstruction or stenosis, atony, severe dehydration with electrolyte depletion, or chronic constipation. 
Aloe latex should not be used in pregnancy or lactation except under the supervision of a qualified healthcare practitioner.

Internal use of aloe latex is contraindicated in persons with the following conditions: intestinal obstruction, abdominal pain of unknown origin, or any inflammatory condition of the intestines (i.e., appendicitis, colitis, Crohn’s disease, ulcerative colitis, irritable bowel syndrome or diverticulitis); melanosis coli; hemorrhoids; liver disease; kidney dysfunction; and severe dehydration (with water and electrolyte depletion).

Aloe latex should not be used during menstruation or in children less than 12 years of age.

Not for use in excess of 8 days.
Aloe is also contraindicated in patients with cramps, colic, haemorrhoids, nephritis, or any undiagnosed abdominal symptoms such as pain, nausea, or vomiting.
H.3.5
Special warnings and precautions for use

Aloe-containing products should be used only if no effect can be obtained through a change of diet or use of bulk-forming products. Stimulant laxative products should not be used when abdominal pain, nausea, or vomiting are present. Rectal bleeding or failure to have a bowel movement within 24 hours after use of a laxative may indicate a serious condition. Chronic use may cause dependence and need for increased dosages, disturbances of water and electrolyte balance (e.g. hypokalaemia), and an atonic colon with impaired function.

The use of stimulant laxatives for more than 2 weeks requires medical supervision. Laxatives containing anthraquinone glycosides should not be used continuously for longer than 1–2 weeks, owing to the danger of electrolyte imbalance.
Chronic abuse with diarrhoea and consequent fluid and electrolyte losses (mainly hypokalaemia) may cause albuminuria and haematuria, and may result in cardiac and neuromuscular dysfunction, the latter particularly in the case of concomitant use of cardiac glycosides (digoxin), diuretics, corticosteroids, or liquorice root.
Concomitant use of aloe latex is cautioned with antiarrhythmic drugs and botanicals containing cardiac glycosides, as long-term use of aloe latex as a laxative can cause potassium loss, leading to increased toxicity of these drugs and botanicals.

Concomitant internal use of aloe latex is cautioned with thiazide diuretics, corticosteroids, and licorice, and long-term use of aloe latex as a laxative may increase the potassium loss induced by these drugs and botanicals.

Use of stimulant laxatives, such as aloe latex, may reduce the gastrointestinal transit time and thus reduce the absorption of orally administered drugs.
NOTE
Do not use this product if you have abdominal pain or diarrhoea. Consult a health care provider prior to use if you are pregnant or nursing. Discontinue use in the event of diarrhoea or watery stools. Do not exceed recommended dose. Not for long-term use.
H.3.7
Interactions

Decreased intestinal transit time may reduce absorption of orally administered drugs.

Existing hypokalaemia resulting from long-term laxative abuse can potentiate the effects of cardiotonic glycosides (digitalis, strophanthus) and antiarrhythmic drugs such as quinidine. The induction of hypokalaemia by drugs such as thiazide diuretics, adrenocorticosteroids, and liquorice root may be enhanced, and electrolyte imbalance may be aggravated.
Mass bleeding during surgery was reported in a patient administered the anesthetic sevoflurane (0.5–1.2%) who had been taking an aloe vera product for 2 weeks prior to surgery (4 tablets daily). The physicians reporting this case indicated that sevoflurane is known to reduce platelet aggregation and that approximately 1% of patients in sevoflurane clinical trials experience hemorrhages, and also stated that the patient did not know if the aloe preparation was a fresh herb product, a dehydrated ingredient, or an extract. The physicians also referenced a study that indicated significant inhibition of prostaglandin synthesis in rats administered aloe vera leaf gel extracts.
H.3.8
Pregnancy and lactation

Pregnancy - teratogenic effects: No teratogenic or fetotoxic effects were seen in rats after oral treatment with aloe extract (up to 1000 mg/kg) or aloin A (up to 200 mg/kg).
Pregnancy - non-teratogenic effects: Aloe should not be used during pregnancy except under medical supervision after benefits and risks have been evaluated.
Nursing mothers: Anthranoid metabolites appear in breast milk. Aloe should not be used during lactation except under medical supervision, as there are insufficient data available to assess the potential for pharmacological effects in the breast-fed infant.
Paediatric use: Oral use of Aloe in children under 10 years old is contraindicated.
Oral use of aloe latex is traditionally contraindicated during pregnancy, as side effects of stimulant laxatives, such as aloe latex, are reported to include induction of uterine contractions. Use during lactation is cautioned. While most stimulant laxatives have traditionally been contraindicated in pregnancy due to concerns regarding stimulation of the uterus, a number of stimulant laxatives, including aloe latex, have shown a lack of adverse effects on pregnancy or the foetus when used according to the recommended dosage schedule. Thus, these laxatives are now considered appropriate for use during pregnancy. Due to the potential genotoxicity of certain anthraquinones, however, it is recommended that use of certain anthranoid laxatives, including aloe latex, be avoided in the first trimester of pregnancy or used under professional supervision.

Limited animal studies have provided mixed results on use of aloe latex in pregnancy, with one study showing no adverse effects and another showing some foetal abnormalities.

Use of aloe latex while trying to become pregnant is best avoided.

Use during lactation is cautioned. Eclectic physicians traditionally administered aloe latex to breast-feeding mothers to produce a laxative effect in the nursing child, although more recent publications indicate that laxative effects have not been observed in breast-feeding infants after maternal ingestion of other anthraquinone laxatives.
H.3.9
Adverse effects

Abdominal spasms and pain may occur after even a single dose and overdose can lead to colicky abdominal spasms and pain, as well as the formation of thin, watery stools (Sahu et al., 2013).
Chronic abuse of anthraquinone stimulant laxatives can lead to hepatitis. Long-term laxative abuse may lead to electrolyte disturbances (hypokalaemia, hypocalcaemia), metabolic acidosis, malabsorption, weight loss, albuminuria, and haematuria. Weakness and orthostatic hypotension may be exacerbated in elderly patients when stimulant laxatives are repeatedly used. Secondary aldosteronism may occur owing to renal tubular damage after aggravated use. Steatorrhoea and protein-losing gastroenteropathy with hypoalbuminaemia have also been observed, as have excessive excretion of calcium in the stools and osteomalacia of the vertebral column. Melanotic pigmentation of the colonic mucosa (pseudomelanosis coli) has been observed in individuals taking anthraquinone laxatives for extended time periods. The pigmentation is clinically harmless and usually reversible within 4 to 12 months after the drug is discontinued. Conflicting data exist on other toxic effects such as intestinal-neuronal damage after long-term use (WHO, 1999).  ADDIN ZOTERO_ITEM CSL_CITATION {"citationID":"mRT8RgBh","properties":{"formattedCitation":"(WHO, 1999a)","plainCitation":"(WHO, 1999a)"},"citationItems":[{"id":3810,"uris":["http://zotero.org/users/local/YnQz9g8L/items/FJKUKEQE"],"uri":["http://zotero.org/users/local/YnQz9g8L/items/FJKUKEQE"],"itemData":{"id":3810,"type":"book","title":"WHO monographs on selected medicinal plants: Vol 1","publisher":"World Health Organization (WHO)","publisher-place":"Geneva, Switzerland","number-of-pages":"289","source":"Library of Congress ISBN","event-place":"Geneva, Switzerland","ISBN":"9241545178","call-number":"RS164 .W445 1999","language":"English","author":[{"family":"WHO","given":""}],"issued":{"date-parts":[["1999"]]}}}],"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"} 
A systematic review of 10 controlled clinical trials of topical or oral use of aloe vera leaf gel (or in one case of an extract, not further described) indicated no withdrawals due to adverse effects of aloe vera. Adverse effects reported included burning after topical application, contact dermatitis, and mild itching. Adverse effects were noted as reversible, and aloe vera was characterized as very well tolerated.
Cases of contact dermatitis have been reported after topical applications of aloe vera leaf gel. A case of hypersensitivity to aloe was reported in a woman who had used aloe vera orally (3 teaspoons daily) and topically.

Two cases of Henoch–Schönlein purpura (a disease that involves purple spots on the skin, joint pain, gastrointestinal problems, and glomerulonephritis) have been reported in individuals that were using aloe. One patient had taken “some juice extracted from four to five leaflets of Aloe vera” (he had taken the same remedy several months prior with no reaction) 24 hours prior to developing a rash, abdominal pain followed by rapid deterioration of renal function and abnormal levels of serum creatinine. The second patient had taken “extracts of Aloe vera” (parts consumed and dose consumed unspecified) for approximately 1 week. He developed general edema and palpable purpura that eventually resolved.

One case of thyroid dysfunction was reported in a woman who had used aloe vera plant juice orally (10 ml daily) and topically.
Adverse effects due to long-term use of aloe latex include electrolyte depletion, potassium depletion, damage to the colon, kidney malfunction, and heart palpitations. In some epidemiological studies, long-term use of stimulant laxatives has been associated with colorectal cancer, while other epidemiological studies have shown no correlation with cancer.

Two cases of acute hepatitis have been reported in persons taking 500 mg of an extract of Aloe vera in tablet or capsule form for three to four weeks. No additional information on the preparation of the aloe ingredient was identified in either case.
H.3.10
Overdose

The major symptoms of overdose are griping and severe diarrhoea with consequent losses of fluid and electrolytes. Treatment should be supportive with generous amounts of fluid. Electrolytes, particularly potassium, should be monitored in all recipients, especially in children and the elderly.
Overdose of the aloe latex (stated at as little as 1.0 g per day for several days) can cause colonic perforation and bleeding diarrhoea, as well as kidney damage, and, according to one reference.
H.3.11
Evaluation of efficacy
Traditional and pharmacological evidence in many respects.
H.4
Safety and interaction classification

The safety and interaction classes in accordance with WD-ARS 955-2014 shall be:

· Aloe vera exude (latex): Safety Class: 2b, 2c, 2d; Interaction Class: A
· Aloe vera inner leaf: Safety Class: 1; Interaction Class: A
H.5
Trade information

The global market value of Aloe vera and its products was USD 13 billion in 2012 (Powell, 2012). The U.S. is by far the largest single supplier with 60-65% of total sales; Latin America constitutes another 20-25% and Asia and the Pacific Rim (Australia, China and India) together make up 10% of the market. Statistics given by the International Aloe Science Council (IASC) indicate that some 24000 ha of A. vera are cultivated globally, with 300 ha in Africa which may include plantations in Nigeria supplying local markets (Grace, 2011).
H.6
Regulatory information

British Pharmacopoeia 2012

WHO Monograph on Selected Medicinal Plants 1999
Japanese Pharmacopoeia Sixteenth Edition (2011)
European Pharmacopoeia 7.0 (2008)
The International Aloe Science Council (2013)
USP30-NF25, The United States Pharmacopeia 30-National Formulary 25 (USPC, 2006)
H.7
Possible developments

Raksha et al. (2014) recommend further research as an immediate requirement for considering bioactivity of the compounds of Aloe vera as well as isolating their purified forms. There is a great opportunity for the cultivation of Aloe vera which shows highly economic importance but still there is lack of information about its cultivation and management. There are only very few reports including the recent water use efficiency study and biomass production in this plant. In additions, the bioactivities already proved in animal studies should be taken forward to the clinical trials in human. This is because with all the positive effects reported, Aloe vera could be a medicine for many of the ailments for which no cure is available.
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