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This study was carried out to determine the antimicrobial and antioxidant properties of selected
medicinal plants (Aloe ferox Mill, Ptaeroxylon obliquum (Thunb) Radlk. and Calpurnia aurea (Aiton)
Benth) used for the treatment of cattle wounds. DPPH 1,1-Diphenyl-2-picryl-hydrazyl (DPPH) and 2,2-
azinobis (3-ethylbenzothiazoline-6-sulphuric acid) diammonium salt (ABTS), radical scavenging assays
were used to determine the antioxidant activity of selected plants. Microbial susceptibility assay using
the minimum inhibitory concentration (MIC) was used to test plant extracts against gram-negative and
gram-positive bacterial strains. Each extract was also assayed to determine the total phenol, flavonoid,
flavonol and prothocyanidin contents. The methanol extracts produced better results in all the assays.
All plant extracts inhibited both gram-positive and gram-negative bacteria but there was more inhibition
on gram-positive strains. Plant extracts tested also showed considerable scavenging activities against
both DPPH and ABTS radicals at 0.2 mg/ml. These results are probably due to the level of phenols,
flavonoids and flavonols in the extracts. The antibacterial and antioxidant activities displayed by these
plants might justify their traditional use in wound healing and out of the three species tested, P.

obliguum displayed the best antibacterial and antioxidant properties.
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INTRODUCTION

One of the major threats to optimal cattle production is
wounding, which results from various causes such as
castration, dehorning, tail docking, ear tagging, wire cuts,
tick bites, bush thorns among others (AHA, 2007).
Wounds are physical injuries that result into an opening
or break of the skin and have been defined by livestock
farmers in South Africa to include sores, abscesses,
warts and inflamed skin lesions (Luseba et al., 2007).
Open wounds are particularly prone to infection, espe-
cially by bacteria and also provide an entry point for
myiasis-causing flies. In addition, the wound healing
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process may be hampered by the presence of oxygen
free radicals that cause the destruction of cells and
tissues (Houghton et al., 2007).

In South Africa, the use of herbal remedies for the
treatment of livestock diseases is widely practiced by the
small-scale farmers especially in the rural communities
(Masika et al., 2000). Although, rural farming commu-
nities now have access to commercial medicines, many
still prefer and rely on cheaper traditional remedies rather
than the relatively expensive commercial ones. Medicinal
plants have therefore, become the focus of intense study
in terms of conservation and as to whether their tradi-
tional uses are supported by actual pharmacological
effects or merely based on folklore (Jager et al., 1996).

A survey of the traditional remedies use by rural far-
mers in the treatment of cattle wounds and myiasis in the



Eastern Cape Province of South Africa revealed a variety
of plants (Soyelu and Masika, 2009). Three plant species
(Aloe ferox Mill. Ptaeroxylon obliguum (Thunb) Radlk and
Calpurnia aurea (Aiton) Benth) were selected based on
predominant use and availability at the time of the study.
These plants were screened for antibacterial and
antioxidant activities in an endeavour to confirm the
rationale behind their acclaimed traditional use.

MATERIALS AND METHODS
Collection and preparation of plant materials

The leaves of A. ferox, P. obliguum and C. aurea were collected
from Amatola Basin (32°41'S and 26°59'E) in the Eastern Cape
Province, South Africa. Voucher specimens were deposited at the
Giffen herbarium of the University of Fort Hare. Fresh leaves (100
g) of each plant were macerated separately and extracted with
1000 ml of distilled water and methanol by shaking on an orbital
shaker for 24 h. The mixture was filtered first by using muslin cloth
and then Whattman’s No. 1 Filter paper after which, the water
extract was freeze-dried while the methanol extract was con-
centrated to dryness under reduced pressure at 40°C. Each extract
was stored in a glass bottle and later re-dissolve in their respective
solvents to the desired concentrations for the various experiments.

Chemicals

All the chemicals and solvents used were of analytical grade. 1,1-
diphenyl-2-picryl-hydrazyl (DPPH), butylated hydroxytoluene (BHT),
2,2-azinobis (3-ethylbenzothiazoline-6-sulphuric acid) diammonium
salt (ABTS), gallic acid, catechin, potassium ferricyanide, rutin,
quercetin and FeCl; were purchased from Sigma Chemical Co. (St.
Louis, MO, USA); sodium carbonate and Folin-Ciocalteu reagent
were from Merck Chemical Supplies (Darmstadt, Germany) while
vanillin was from BDH Chemicals Ltd. (Poole, England).

Bioassay

Eight bacteria species comprising of four gram-positive
(Staphylococcus aureus ATCC 6538, Streptococcus faecalis ATCC
29212, Bacillus cereus ATCC 10702, Bacillus pumilus ATCC
14884) and four gram-negative bacteria (Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 19582, Klebsiella
pneumoniae ATCC 10031 and Enterobacter cloacae ATCC 13047),
were selected to assess susceptibility patterns against the extracts
prepared in the present study. Each organism was maintained on
nutrient agar slant (Biolab) and later recovered for testing by growth
in nutrient broth no. 2 (Biolab) for 24 h.

Plant extracts (0.1, 0.5, 1.0 and 5.0 mg/ml) in nutrient agar
medium was poured into Petri dishes (90 mm), swirled and left
overnight for solvent to evaporate. Thereafter, each bacteria culture
was diluted 1:100 with fresh sterile nutrient broth and streaked in
radial patterns on the agar plates (Afolayan and Meyer, 1997).
Plates were incubated at 37°C and examined after 24 h. Two blank
plates containing only nutrient agar and two containing nutrient agar
and methanol without the extracts were served as controls.
Tetracycline was used as the standard control and each test was
replicated three times.

Determination of total phenols

The total phenolic contents in the plant extracts were determined
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according to the modified folin-ciocalteu procedure (Wolfe et al.,
2003). 1 ml of each extract (1 mg/ml) was mixed with 5 ml folin-
ciocalteu reagent (previously diluted with distilled water 1:10 v/v)
and 4 ml (75 g/l) of sodium carbonate. The mixtures were vortexed
for 15 s and allowed to stand for 30 min at 40°C. Absorbance was
then measured at 765 nm using the Hewlett Packard UV-VS
spectrophotometer and the total phenolic content was expressed as
mg/g gallic acid equivalent using the equation based on the
calibration curve: y = 8.098x + 0.187. R2 = 0.92, where x is the
absorbance and y was the gallic acid equivalent (mg/g).

Determination of total flavonoids

Total flavonoids were estimated using the method of Ordofiez et al.
(2006). 0.5 ml of 2% aluminum trichloride ethanol solution was
added to 0.5 ml of each extract. After one hour at room tempe-
rature, the absorbance was measured at 420 nm. Total flavonoid
content was calculated as quercetin (mg/g) using the following
equation based on the calibration curve:

y =43.86x —0.175, R2 = 0.993

Where, x is the absorbance and y is the quercetin equivalent
(mg/g).

Determination of total proanthocyanidins

The procedure reported by Sun et al. (1998) was used to determine
the total proanthocyanidin in the extracts. A volume of 0.5 ml of 1
mg/ml of extract solution was mixed with 3 ml of 4% vanillin-
methanol solution and 1.5 ml hydrochloric acid. The mixture was
allowed to stand for 15 min and the absorbance was measured at
500 nm. Total proanthocyanidin content was expressed as catechin
equivalents (mg/g) using the equation based on the calibration
curve:

y = 1.638x —0.004, R2 = 0.992

Where, x is the absorbance and y is the catechin equivalent (mg/g).

Determination of total flavonol

Total flavonol content was determined by using the method of
Yermakov et al. (1987). 2 ml (20 g/l) of aluminum trichloride and 3
ml (50 g/l) sodium acetate solutions was added to 2 ml of the
extract (1 mg/ml). The absorbance at 440 nm was read after 2.5 h
at 20°C. Flavonol content was expressed as rutin equivalence
(mg/g) using the following equation based on the calibration curve:

y = 5.467x —0.004, R2 = 0.992

where, x is the absorbance and y is the rutin equivalent (mg/g).

Radical scavenging assays
DPPH radical scavenging assay

The effect of plant extracts on DPPH radical was estimated using
the method described by Liyana-Pathirana and Shabhidi, (2005). A
solution of 0.135 mM DPPH in methanol was prepared and 1.0 ml
of this solution was mixed with 1.0 ml of varying concentrations
(0.025 — 0.4 mg/ml) of extracts in methanol. The reaction mixture
vortexed thoroughly was left in the dark at room temperature for 30
min. The absorbance of the mixture was measured at 517 nm using
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Table 1. Antibacterial activity of the methanol extracts of A. ferox (AF), P. obliquum (PO) and C. aurea (CA) leaves.

Bacterial species Gram+/- Minimum inhibitory concentration (mg/ml)

AF PO CA Tetra®
S. aureus + 5.0 1.0 5.0 0.025
S. faecalis + na 5.0 5.0 0.008
B. cereus + na 0.5 na 0.006
B. pumilus + na 1.0 na 0.012
E. coli - 5.0 5.0 5.0 0.001
P. aeruginosa - na na na 0.002
E. cloacae - na na na 0.001
K. pneumonae - na 0.5 na 0.005

na, Not active; ?, Tetracycline (standard antibiotic).

BHT as a standard reference and a solution of DPPH (in methanol)
mixed with methanol (solvent) served as the negative control. This
assay was replicated three times and the radical scavenging activity
calculated using the following formula:

DPPH radical scavenging activity (%) = [(AbScontroi — AbSsamplesstd) /
(Abscontror)] X 100

Where, Absconrol is the absorbance of DPPH radical + methanol;
AbSsampiesstd, the absorbance of DPPH radical + sample extract/
standard. The actual decrease in absorption induced by the test
compounds was compared with the positive controls.

ABTS radical scavenging assay

The method of Re et al. (1999) was adopted for the ABTS radical
scavenging assay. The stock solution, which was allowed to stand
in the dark for 16 h at room temperature, contained equal volume of
7 mM ABTS salt and 2.4 mM potassium persulfate. The resultant
ABTS" solution was diluted with methanol until an absorbance of
about 0.70 + 0.01 at 734 nm was reached. Varying concentrations
of the plant extracts (1 ml) were reacted with 1 ml of the ABTS"
solution and the absorbance taken at 734 nm between 1 and 3 min
using the spectrophotometer. The percentage inhibition was
calculated as:

ABTS radical scavenging activity (%) = [(AbScontrol — AbSsamplersstd)/
(Abscomrol)] x 100

Where, Absconrol Was the absorbance of ABTS radical + methanol;
AbSsamplessta the absorbance of ABTS radical + sample extract /
standard.

Statistical analysis

Experimental results were expressed as mean + standard deviation
(SD) of three replicates and sample means were separated using
Duncan’s Multiple Range tests (SAS, 1999).

RESULTS
Antibacterial activity

The methanol extract of all the three plants inhibited both
gram-positive and gram-negative bacteria but there was

more inhibition on gram-positive strains (Table 1). No
inhibition however, was observed from the water extracts
of all the plants tested. Methanol extracts of A. ferox and
C. aurea inhibited the growth of S. aureus at 5.0 g/ml and
P. obliquum at 1.0 mg/ml. Of all the plants tested at 5.0
mg/ml, the highest concentration used, also inhibited the
growth of E. coli; only P. obliguum was observed to have
been able to inhibit the growth of K. pneumonae whereas
none of the plant extracts was effective against P.
aeruginosa and E. cloacae at the concentrations tested.

Total phenolic, flavonoid, flavonol and

proanthocyanidin contents

Generally, the methanol extracts of the three plants pos-
sessed higher phenolic, flavonoid, flavonol and proantho-
cyanidin contents than their aqueous counterparts.
However, an exception to this result is the water extract
of A. ferox, which contained higher prothocyanidin con-
tent than its methanol extract. Both the methanol and
water extracts of P. obliguum possessed the highest
phenolic content (Table 2). It is also of interest to note
that, the methanol extract of C. aurea, which exhibited
the highest level of flavonoids, flavonol and proantho-
cyanidin contents possessed lower phenolic content.

DPPH radical scavenging activity

Figure 1 shows the DPPH radical scavenging activity of
the methanol and water extracts of A. ferox, P. obliquum
and C. aurea when compared with the standard (BHT) at
varying concentrations. It was observed that, the metha-
nol extracts of P. obliguum and A. ferox showed high
radical scavenging activity at 0.2 mg/ml when compared
with other extracts. At this concentration, the scavenging
effects were 92.3 and 79.2%, respectively. The water
extract of P. obliguum also showed a good scavenging
effect of 69.9% at the same concentration. However, the
scavenging effect of the methanol extract of C. aurea was



Table 2. Total phenol, flavonoid, flavonol and proanthocyanidin contents of the leaf extracts of A. ferox, P. obliquum and C.

aurea (n = 3, x £ S.D).
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Extracts | Total phenol Flavonoids Flavonol Proanthocyanidins
Methanol
A. ferox 81.58 + 15.62° 19.53 + 2.60° 19.57 + 3.68° 5.70 £ 2.21°
P. obliquum 155.79 + 6.62° 29.17 +0.12° 208.50 + 24.53" 28.98 + 8.28"
C. aurea 76.87 + 3.86° 142.50 + 11.34% 299.01 + 4.05% 49.82 + 11.28%
Water
A. ferox 49.86 + 2.05° 13.79 + 1.45° 13.78 +1.85° 11.52 + 3.84°
P. obliquum 105.66 + 5.40° 15.96 + 0.48° 24.43 +6.11° 16.08 + 4.74°
C. aurea 47.48 + 3.66° 18.97 +1.07° 19.84 +0.13° 14.88 + 4.16°
Values in the same column with a common superscript are not significantly different at P < 0.05.
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Figure 1. DPPH radical scavenging activities of the water and methanol extracts of A. ferox, P. obliguum and C.

aurea.

Where, AFM, A. ferox methanol extract; CAM, C. aurea methanol extract; POW, P. obliguum water extract; BHT,
2,2-azinobis (3-ethylbenzothiazoline-6-sulphuric acid) diammonium salt; CAW, C. aurea water extract; AFW, A.
ferox water extract; POM, P. obliquum methanol extract. (Each value is expressed as mean + SD (n = 3)).

only moderate (50.8%) at 0.2 mg/ml.

ABTS radical scavenging activity

The methanol extract of P. obliquum was a fast and
effective scavenger of ABTS radical (Figure 2) compar-
able to the standard (BHT). All the extracts however,
effectively scavenged the ABTS radical with inhibition
percentage ranging from 90.3 to 102.9% at a concen-
tration of 0.2 mg/ml.

DISCUSSION
Antibacterial activity

Gram-negative bacteria especially E. coli are frequently
reported to have developed multi-drug resistance to
many of the antibiotics currently available in the market
(Afolayan, 2003). Therefore, the ability of the methanol
extracts of A. ferox, P. obliguum and C. aurea to inhibit E.
coli is noteworthy even though it was at the highest
concentration (5.0 mg/ml) used. A number of micro-
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Figure 2. ABTS radical scavenging activities of the water and methanol extracts of A. ferox, P.

obliquum and C. aurea.

Where, BHT, 2,2-azinobis (3-ethylbenzothiazoline-6-sulphuric acid) diammonium salt; CAW, C. aurea
water extract; POW, P. obliquum water extract; AFW, A. ferox water extract; CAM, C. aurea methanol
extract; POM, P. obliguum methanol extract; AFM, A. ferox methanol extract (each value is

expressed as mean * SD (n = 3)).

organisms have been found to infect wounds, among
which are S. aureus, P, aeruginosa, E. coli, S. faecalis,
Clostridium perfringens and enterococcus (Bowler et al.,
2001). According to Odimegwu et al. (2008), the inhibition
of microbial contaminants of wounds allows the normal
tissue repair process to occur.

The water extracts of the plants were tested because
traditionally, plant extracts are prepared with water but
the results were not surprising because other researchers
have reported that, their antibacterial activities are low or
most of the time not detectable (Matu and van Staden,
2003; Luseba et al., 2007). This is probably because
remedies used by the farmers are administered in large
guantities and in high concentrations. Hence, they are
still able to meet the required physiological levels in
animals. Therefore, the antibacterial activity showed by
the methanol extracts of A. ferox, P.obliguum and C.
aurea might justify their traditional use in wound healing.

Total phenolic, flavonoids, flavonol and

proanthocyanidin contents

The methanol extracts were generally more active than
the water extracts as antioxidant agents. This could
possibly be due to a higher concentration of tannins in
the methanol extracts as compared to the water extracts
(Frum and Viljoen, 2006). Both extracts of P. obliquum
(methanol and water) with the highest level of phenols

also exhibited the greatest antioxidant activity. Phenolic
compounds are rich in hydroxyl groups and are believed
to have the ability of free radical scavenging and
antioxidation. The activity of polyphenols, which are the
major plant compounds with antioxidant activity, is
believed to be mainly due to their redox properties
(Zheng and Wang, 2001; Rosidah et al., 2008). Flavo-
noids are phenolic compounds, which are also very
effective antioxidants. However, extracts with higher
phenolic content do not always have higher flavonoid
content (Maisuthisakul et al., 2007). This was evident for
the extracts of C. aurea, which had a higher total flavo-
noid and flavonol content when compared with that of P.
obliquum and A. ferox, even though the total phenolic
content was lower. According to this study, different plant
extracts contain different levels of total flavonoids as a
proportion of the total phenolic compounds. The
presence of these phytochemicals in good quantity in the
three plants, therefore explain their good radical scaven-
ging activity.

Radical scavenging activities

The DPPH method detects free radical scavengers and
uses a reduction in intensity of the coloured free radical
1,1-diphenyl-2-picrylhydrazyl (DPPH). Its use is advanta-
geous in evaluating antioxidant effectiveness because it
is more stable than the hydroxyl and super-oxide radicals



(Siriwardhana and Shadidi, 2002; Hough-ton et al.,
2005). The methanol extract of C. aurea showed mode-
rate antioxidant activity when compared with an early
study by Adedapo et al., (2009), where at a concentration
of 0.1 mg/ml, the DPPH and ABTS scavenging effects of
the methanol leaf extracts reached 89.7 and 100%,
respectively. This could be due to differrences in
geographical coordinates, time of collection of plant
materials as well as the method of extraction (Celiktas et
al., 2007). However, the three plants studied showed
considerable scavenging activity, which is an indication
that they could serve as free radical inhibitors.

The scavenging ability of the extracts was found to be
higher in the ABTS radical scavenging assay than the
DPPH and this may be explained by the difference in the
mechanisms involved in the radical-antioxidant reactions
(Yu et al., 2002). Although, some compounds that have
ABTS scavenging activity do not show DPPH scavenging
activity (Wang et al., 1998), all the plant extracts tested in
this study showed good and significant scavenging
active-ties against both DPPH and ABTS radicals.
Compounds with free radical scavenging activity have
been shown to prevent oxidative damage to tissues and
significantly improve wound healing (Svobodova et al.,
2006).

The overall results of the antioxidant and antibacterial
assays in this study suggest the rationale behind the
traditional use of A. ferox, P. obliguum and C. aurea for
the treatment of cattle wounds. Out of the three species,
P. obliquum displayed the best antibacterial and
antioxidant properties. The obtained results could
therefore form a good basis for selection of plant species
for further investigation in the potential discovery of new
natural bioactive compounds.

REFERENCES

Adedapo AA, Jimoh FO, Koduru S, Afolayan AJ, Masika PJ (2009).
Antibacterial and antioxidant properties of the methanol extracts of
the leaves and stems of Calpurnia aurea. BMC Complem. Alt. Med.
3: 23-31.

Afolayan AJ, Meyer JJM (1997). The antimicrobial activity of 3,5,7-
trihydroxyflavone isolated from the shoots of Helichrysum
aureonitens. J. Ethnopharmacol. 57: 177-181.

Afolayan AJ (2003). Extracts from the shoots of Arctotis arctotoides
inhibit the growth of bacteria and fungi. Pharm. Biol. 41: 22-25.

AHA - Animal Health Australia (2007). Disease strategy: Screw-worm
fly. Australian Veterinary Emergency Plan (AUSVETPLAN), (Third
Ed). Primary Industries Ministerial Council, Canberra, ACT.

http://www.animalhealthaustralia.com.au/ (Accessed 27 October 2009).

Bowler PG, Duerden BI, Armstrong DG (2001). Wound microbiology
and associated approaches to wound management. Clin. Microbiol.
Rev. 14: 244-269.

Celiktas OY, Bedir E, Sukan FV (2007). In vitro antioxidant activities of
Rosmarinus officinalis extracts treated with supercritical carbon
dioxide. Food Chem. 101: 1457-1464.

Frum Y, Viljoen AM (2006). In vitro 5-Lipoxygenase and antioxidant
activities of South African medicinal plants commonly used topically
for skin diseases. Skin Pharmacol. Physiol. 19: 329-335.

Houghton PJ, Hylands PJ, Mensah AY, Hensel A, Deters AM (2005). In
vitro tests and ethnopharmacological investigations: Wound healing
as an example. J. Ethnopharmacol. 100: 100-107.

Soyelu and Masika 3481

Houghton PJ, Howes MJ, Lee CC, Steventon G (2007). Uses and
abuses of in vitro tests in ethnopharmacology: Visualizing an
elephant. J. Ethnopharmacol. 110: 391-400.

Jager AK, Hutchings A, Van Staden J (1996). Screening of Zulu
medicinal plants for prostaglandin-synthesis inhibitors. J.
Ethnopharmacol. 52: 95-100.

Liyana-Pathirana CM, Shahidi F (2005). Antioxidant activity of
commercial soft and hard wheat (Triticum aestivum L) as affected
by gastric pH conditions. J. Agric. Food Chem. 53: 2433-2440.

Luseba D, Elgorashi EE, Ntloedibe DT, Van Staden J (2007).
Antibacterial, anti-inflammatory and mutagenic effects of some
medicinal plants used in South Africa for the treatment of wounds
and retained placenta in livestock. S Afr. J. Bot. 73: 378-383.

Maisuthisakul P, Suttajit M, Pongsawatmanit R (2007). Assessment of
phenolic content and free radical-scavenging capacity of some Thai
indigenous plants. Food Chem. 100: 1409-1418.

Masika PJ, Van Averbeke W, Sonandi A (2000). Use of herbal remedies
by small-scale farmers to treat livestock diseases in Central Eastern
Cape Province, South Africa. J. S Afr. Vet. Assoc. 71: 87-91.

Matu EN, Van Staden J (2003). Antibacterial and anti-inflammatory
activities of some plants used for medicinal purposes in Kenya. J.
Ethnopharmacol. 87: 35-41.

Odimegwu DC, Ibezim EC, Esimone CO, Nworu CS, Okoye FBC
(2008).Wound healing and antibacterial activities of the extract of
Dissotis theifolia (Melastomataceae) stem formulated in a simple
ointment base. J. Med. Plant Res. 2: 11-16.

Ordofiez AAL, Gomez JD, Vattuone MA, Isla Ml (2006). Antioxidant
activity of Sechium edule (Jacq.) Swart extracts. Food Chem. 97:
452-458.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C
(1999). Antioxidant activity applying an improved ABTS radical
cation decolorisation assay. Free Radic. Biol. Med. 26: 1231-1237.

Rosidah YMF, Sadikun A, Asmawi ZM (2008). Antioxidant potential of
Gynura procumbens. Pharm. Biol. 46: 616-625.

SAS (1999). Statistical Analyses System, version 8.0 for Microsoft
Windows. SAS Institute Inc., Cary, NC, USA.

Siriwardhana SSKW, Shadidi F (2002). Antiradical activity of extracts of
almond and its by-products. J. Am. Oil Chem. Soc. 79: 903-908.
Soyelu OT, Masika PJ (2009). Traditional remedies used for the
treatment of cattle wounds and myiasis in Amatola Basin, Eastern
Cape Province, South Africa. Onderstepoort J. Vet. Res. 76:393-

397.

Sun JS, Tsuang YW, Chen I1J, Huang WC, Lu FJ (1998). An ultra weak
chemiluminescence study on oxidative stress in rabbits following
acute thermal injury. Burns, 24: 225-231.

Svobodova A, Waterova D, Psotova J (2006). Influence of silymarin and
its flavonolignans on H,O,-induced oxidative stress in human
keratinocytes and mouse fibroblast. Burns, 32: 973-979.

Wang M, Li J, Rangarajan M, Shao Y, La Voie EJ, Huang T, Ho C
(1998). Antioxidative phenolic compounds from Sage (Salvia
officinalis). J. Agric. Food Chem. 46: 4869-4873.

Wolfe K, Wu X, Liu RH (2003). Antioxidant activity of apple peels. J.
Agric. Food Chem. 51: 609-614.

Yermakov Al, Arasimov VV, Yarosh NP (1987). Methods of biochemical
analysis of plants. John Wiley and Sons, New York. p. 300.

Yermakov Al, Arasimov VV, Yarosh NP (1987). Methods of biochemical
analysis of plants. Agropromizdat, Leningrad, Russia.

Yu L, Haley S, Perret J, Harris M, Wilson J, Qian M (2002). Free radical
scavenging properties of wheat extracts. J. Agric. Food Chem. 50:
1619-1624.

Zheng W, Wang SY (2001). Antioxidant activity and phenolic
compounds in selected herbs. J. Agric. Food Chem. 49: 5165-5170.


http://www.animalhealthaustralia.com.au/

