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ABSTRACT

Aim of the present work was to evaluate potential in-vitro antioxidant and
antibacterial activity of alcoholic extract of root bark of Psidium guajava (PG) of
family Myrtaceae. The antioxidant activity of alcoholic extract of PG root bark was
evaluated by DPPH, Lipid Peroxidation and Nitric oxide Scavenging activity. The

Keywords concentration of acoholic extract were (3-800 ug/ml). The PG extract showed

maximum scavenging activity at a concentration of 800 pg/ml. The percentage
Antioxidants; inhibition of the scavenging of the DPPH was found to be 75.6% where as Lipid
Psidium Peroxidation was 82.4% and nitric oxide scavenging activity was found to be
guajava; 85.6%. The antibacterial activity of the alcoholic extract of Psidium guajava root
Freeradicals, bark was carried out and it was determined by the cup plate method against
Antibacterial Saphylococcus aureus, Escherichia coli, Proteu vulgaries and Bacillus subtilis.
activity; Streptomycin was used as a positive control. The zone of inhibition of acoholic
Cup plate extract of PG against various microorganisms was measured and compared with
method; standard control, PG showed antibacterial activity at the concentration of 240
Phyto- mg/ml against all the bacteria strains however, maximum activity with zone of
chemicals. inhibition (3 cm and 2.8 cm) againist Staphylococcus aureus and Bacillus subtilis.

Escherichia coli and Proteus vulgaries exhibited moderate antibacterial activity.
The preliminary phytochemical screening of acoholic extract of PG showed the
presence of pharmacological important congtituents like tannins, flavonoids,
akaloids, saponin glycosides. Hence on the basis of the results obtained in the
phytochemical study, the antioxidant activity of PG may be due to flavonoids and
antimicrobial activity could be due to tannins. Phytochemicd andysis intended to
serve asamajor resource for information on analytical and instrumental methodology in
the plant sciences.

I ntroduction

To protect the cells and organ systems of
the body against reactive oxygen species,
have  evolved a

humans

sophisticated and complex antioxidant
protection  system, that functions
highly interactively and synergisticaly to
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neutralize free radicals. Thus, antioxidants
are capable of stabilizing the deactivating
free radicals before they attack cells
(Vako et al., 2007).

An antimicrobial is a substance that kills
or inhibits the growth of microorganisms
such as bacteria, fungi or protozoans.The
discovery of synthetic antimicrobial
compounds having so many adverse
effects (Rajeswar et al., 2005). Hence
alternative herbal medicines are selected.
Nature has bestowed on us a very rich
botanical wealth and a large number of
diverse types of plants growing in
different regions of the world. For
centuries, plants have been used
throughout the world as drugs and
remedies for various diseases since they
have greater potential for producing newer
drugs of great benefit to mankind (Efferth
and Greten, 2012). In this context,
Medicinal plants are rightly said to be
Tradition of yesterday and drugs of
tomorrow .Indiais one of the largest users
of medicinal plants using more than 7000
plant species for cure and has an
abundance of plants, used in the traditional
treatments of various disease on an
empirical basis (Jain 1994; Ali et
al.,2008).

In modern times the utility of medicinal
plants declined with the advent of
synthetic drugs. Therefore, more and more
people showing their effort for natural
treatment, as it is free from dangerous side
effects. Thus the proposed investigations
may provide support to the folklore use of
medicinal plants. Hence efforts are being
made to search eadly available
aternative medicines with low cost and

less or free of side effects.
Psidium guajava

This plant was selected for the present
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study based on phytoconstituents like
tannins, saponins and flavanoids in stem,
leaves and roots. There isno work done on
root bark of Pisidium guajava Pisidium
gugjava (PG) (Myrtaceae) commonly
known as the poor man’s apple of the
tropics has along history of traditional use
much of which is being

validated by scientific research. It is a
dicotyledonous shrub, a small tree about
33ft (10) in hight, with spreading
branches, the guava is easy to recognize
because of its smooth, thin, copper-colored
bark that flakes off, showing the greenish
layer beneath and aso because of
attractive “bony” aspect of its trunk,
flowers are fragrant with white, The fruit
extending a strong, sweet, musky odour
when ripe, Guava rich in tannins, phenols,
flavanoids, essential oils, lectins, vitamin,
fatty acids etc. The therapeutic activity of
guava is attributed to the presence of
flavanoids. The tannins demonstrated anti-
microbial activity as well as flavanoids
demonstrated anti-oxidant  activity
(Morton, 1987). The stem bark contains
12-30% of tannins, poly phenals, resin and
crystals of calcium oxalate (Nadkarni and
Nadkarni, 1999), amritoside (Conway,
2001). The roots, stem bark and leaves of
the plant rich in tannins (Quisumbing,
1978), leukocyanidins, sterols and gallic
acid (Lwu, 1993), quarcetin (Wyk et al,
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1997). Guava fruit is higher in vitamin C
than citrus fruits (Okwu and Ekeke, 2003).
Psidium guajava is well known traditional
medicinal plant and is used in various
indigenous systems of medicine. The fruits
are often included among super fruits,
being rich in dietary fibre, vitamins A,C,
folic acid and dietary minerals such as
potassium, copper and manganese
(Hassimotto et al., 2005). It is used in
many diseases such as anti-inflammatory,
diabetes, hypertension, carries wounds,
analgesic and antipyretic effects (Gutierrez
et al., 2008). The root bark of guava dried
and roasted dlightly and powdered, a pinch
of this powder taken in buttermilk checks
diarrhoea, an especially useful remedy in
infants and children (Ali et al., 1996).

In the Philippines the decoction made
from the cortex of the bark and roots were
used for washing ulcers and wounds
(Quisumbing, 1978). While in Panama,
Bolivia and Venezuela, the bark is used in
the treatment of dysentery and skin
aliments (Conway, 2001). In Kinshasa and
Congo the bark is used as anti amoebic
(Geidam et al., 2007) and also used to
expel the placenta after the child birth and
used to treat skin infection, vagind
hemorrhage, wounds, fever, dehydration
and respiratory disturbances, stomachache,
tooth aches and constipation (Gutierrez et
al., 2008).

P. guajava leaves reported to have
antioxidant activity (Masudaet al., 1999),
antibacterial activity (Rogerio, 2005) and
kidney problems (Ticzon, 1997) antiulcer
activity (Swarnamoni , 2009). Fruit extract
in combination of bark, leaf and root
agueous extract showed anti cancer
activity (Sato et al., 2010). Aqueous
extract of P guajava leaves possesses anti
diarrhoeal activity (Xavier et al., 2002)
and hypotensive activity (Ojewole, 2006),
Flower extract of PG aso used as a
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poultice for conjunctivitis (Ayensu, 1978).

Materialsand Methods

Collection and Preparation of plant
extract

Psidium guajava roots was collected from

Sri Padmavathi Mahila University campus,
Tirupati in the month of August and
authenticated by Dr. Madhava Chetty,
Department of Botany, SVU, Tirupati,
roots were washed thoroughly under
running tap water and bark was separated
from root and were shade dried and
powdered.

The root bark powder of PG (25 gm) was
macerated in acohol for 24 hrsin around
bottom flask and it was subjected to reflux
for 3 hrs, cooled and filtered through
whatmann filter paper no.1l. Repeated the
process for 3 times in the same solvent
until plant material become color less. The
collected filtrate was subjected to solvent
evaporation by using Rotary flash
evaporator, the residue (extract) was
collected and stored in dessicator until use.
The acoholic extract of PG was brown in
colour and percentage yield was 10.2%.

Growth and maintenance of test
organismsfor Anti microbial studies

Bacterial cultures of Escherichia cali,
Proteus  vulgaries,Bacillus  Subtilis,
Staphylococcus aureus were obtained from
culture collection centre; Dept of
microbiology; Sri Padmavathi Mahila
Vishwavidhyalayam (SPMVYV), Tirupati,
were used as antimicrobial test organisms.
The bacteria was maintained on nutrient
broth at 37 °C.

Chemicals

Chemicals and solvents were used in this
study was analytical grade.
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In vitro antioxidant methods
DPPH radical scavenging activity

DPPH radical scavenging activity was
measured by the spectrophotometric
method. To an ethanolic solution of DPPH
(200 pM), 2 ml of test compounds
dissolved in ethanol were added at
different concentrations (3-800 ug/ml). An
equal amount of ethanol was added to the
control. After 20 min the decrease in
absorbance of test mixtures (due to
guenching of DPPH free radicals) was
read at 517nm.using calorimeter and the
percentage inhibition was calculated (Vani
et al., 1997).

Assay for NO scavenging activity

Sodium nitroprusside (5 mM) in phosphate
buffer pH 7.7 was incubated with 3, 6, 12,
25, 50, 100, 200, 400 and 800 pg/ml
concentrations of drug dissolved in a
suitable solvent (alcohol) and tubes were
incubated at 25°C for 120 minutes. At
intervals, 0.5ml of incubation solution was
removed and diluted with 0.5 ml of Griess
reagent. The absorbance of the
chromophore formed during diazotization
of nitrite with sulphanilamide and
subsequent N-napthyl ethylenediamine
was measured at 546 nm in (Marcocci et
al., 1994).

Lipid peroxidation:

Preparation of rat brain homogenate
(Youdim, 1990).

The extent of lipid peroxidation in rat
brain homogenate was measured in vitro
in terms of formation of thiobarbituric acid
reactive substance (TBARS). Different
concentrations of the extract (3-800 pug/ml)
were made up with ethanol the ethanolic
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extract was expressed in terms of dry
weight (mg/ml) in ethanol. These samples
were individually added to the brain
homogenate (0.5 ml). This mixture was
incubated with 0.15 M KC1 (100 pl).
Lipid peroxidation was initiated by adding
100 pl of 15 mM FeSO, solution. The
reaction mixture was incubated at 37 °C
for 30 min. An equal volume of TBA:TCA
(1;1.1ml) was added to the above solution
followed by the addition of Iml BHT. This
final mixture was heated on a water bath
for 20 min a 80 °C and cooled,
centrifuged and absorbance read at 532 nm
using a spectrophotometer (Shimadzu 160
IPC) (Yoshikawa et al.,, 1983). The
percentage inhibition of lipid peroxidation
was calculated by comparing the results of
the test with those of controls not treated
with the extract as per the formula:

A A

e ¥100

For mula: %l nhibition = control _

control

(above all thetests werein triplicate)

Assay of antibiotic (Streptomycin) by
the agar wdl-diffuson  method
(Heilman, 1945).

Agar-well diffusion method

To evauate the antimicrobial activity of
plant extract by using microorganisms like
Escherichia coli, Proteus vulgaries,
Bacillus subtilis, Staphylococcus aureus,
Agar well diffusion method was used. In
this method, the plant extract was
dissolved in appropriate solvent. Agar
plates were prepared and inoculated with
the microbial suspension and then agar
was punched to form well of 7 mm
diameter. Different plant test extract
(mg//ml) was suspended in the wells. A
control well was loaded with streptomycin
(Img/ml). The plates were then incubated
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at 37°C for 24 to 48 hrs. After incubation,
all plates were analyzed for the appearance
of inhibition zone around the extract
loaded well and the clear zone of growth
inhibition was measured using the serid
dilution method of diameter (cm) (Okeke
et al., 2001).

Preliminary phytochemical analysis

Phytochemical analysis was carried out
according to standard protocol(kokate et
al.,2010)

Result and Discussion

Antimicrobial activity of alcoholic extract
of root bark of Psidium guajava was
evaluated by well agar diffusion method.
Psidium guajava at concentrations of 10,
20, 40, 80, 160, 240 mg/ml was selected.
The antimicrobia activity was maximum
at a concentration of 240 mg/ml against
Staphylococcus aureus and Bacillus
subtilis as compared to Streptomycin
(Img/ml) and the activity was moderate
against Proteus vulgaris and E.coli when
compare to Streptomycin.  Psidium
guajava  alcoholic extract showed
minimum activity at 10, 20, 40, 80, 160
mg/ml concentration against all organisms
compared to Streptomycin (Table.1; Fig.
1).

Effect of alcoholic extract of Psidium
gujava root bark on different
antioxidant models

Free radical scavenging activity was
carried out in different invitro antioxidant
models. Several concentrations ranging
from (3-800 pug/ml) of PG root bark was
tested. Results of present study showed
that free radicals was scavenged by the test
compounds (extract) in a concentration
dependent manner up to the given

242

concentration in all the models. The ICsg
value of DPPH, NO, lipid peroxidation
were found to be 300 pg/mi, 280ug/ml,
320 pg/ml respectively (Table. 2,
Fig.2,3,4).

Plants are important sources of potentially
useful structures for the development of
new chemotherapeutic agents (Tona et al.,
1999). Many reports are available on the

antiviral, antibacterial, antifungal,
antihelmentic and  anti-inflammatory
properties of plants (Samy, 2000,

Palambo, 2001, Stepnovic, 2003). Some of
these observations have helped in
identifying  the  active  principles
responsible for such activities. In the
present study, alcoholic extract of Psidium
guajava root bark was investigated for
their antimicrobial potentiality against 4
clinically important microbial strains.

Among which 2 of them were gram
positive and 2 of them were gram
negatives was used. The anti microbial
activity of Psidium guajava was studied
by Well diffusion method. Well diffusion
method is used extensively to investigate
the anti microbial activity of natura
substances and plant extracts. Psidium
guajava showed maximum activity at 240
mg/ml as compared to control used
againist al the bacterial strains. In the
present investigation, largest inhibition
zone diameters were recorded with gram-
positive bacteria i.e S aureus and B.
subtilis, it could be due to presence of
tannins and other phytochemicals in root
bark of PG. Phytochemical screening of
alcoholic extract of root bark of Psidium
guajava contains presence flavonoids,
tannins, akaloids and saponins, these
constituents could be responsible for the
activity.The zones of inhibition of
effective extract was close to the control
drug and falls with the
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Table.1 Effect of alcoholic extract of Psidium guajava root bark on antimicrobial activity

Zones of inhibition (cm)
Psidium guajava extract (mg/ml) Streptomycin
: : (1 mg/ml)

Microor ganism 240 160 80 40 20 10

Saphylococcus.aureus 3 24 27 |15 |16 |18 3.6
Eschericia coli 21 2.6 0 15 |15 |11 3.6
Bacillus subtillis 2.8 2 26 |25 |26 |2 4.4
Proteus vulgaries 2.2 2 27 |2 15 |15 4.4

Figure.1 Effect of acoholic extract of Psidium guajava root bark on antimicrobial activity

45 -
3.5 -

25 -

2 - mSA
1.5 - mEC
mB.C
mpPV

%inhibition

0.5 -

Concentrations

243



Int.J.Curr.Microbiol.App.Sci (2013) 2(10): 238-248

Table.2 Effect of alcoholic extract of Psidium gujava root bark on different antioxidant models

S. No | Concentration
(Mg/ml) % Inhibition
DPPH NO Lipid Peroxidation
1 3 4.8 5.6 4.05
2 6 7.8 9.3 9.12
3 12 15.7 15.6 16.2
4 25 45.6 23.7 22.6
5 50 56.93 321 33.7
6 100 65.2 51.4 445
7 200 66.7 62.2 452
8 400 69.3 67.8 52.3
9 800 75.6 85.6 82.4
11 I1Cso 280 pg/ml 280ug/mi
320 pg/mi

Figure.2 Effect of alcoholic extract of Psidium guajava root bark on DPPH 3 method
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Figure3 Effect of alcoholic extract of Psidium guajava root bark on

Nitric oxide scavenging activity
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Figure.4 Effect of alcoholic extract of Psidium guajava root bark on

lipid peroxidation method
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Table.3 Effect of acoholic extract of Psidium guajava root bark on phytochemical analysis

TESTS RESULTS

Test for tannins +ve
Test for alkaloids +ve
Test for flavanoids +ve
Test for saponin glycosides +ve
Test for cardiac glycosides -ve
Test for proteins -ve
Test for carbohydrates -ve

+ve = present -ve = absent

Kirby Bains standard for antimicrobial
studies (Ogbonniaet al., 2008).

Invitro antioxidant activity of alcoholic
extract of PG was carried out in various
antioxidant models. The anti oxidant
activity is perhaps related to the H' ions
donating capability of the extract, which
scavenges the peroxyl radical to inhibit or
terminate the peroxidation chain. The
nitrite produced by the incubation of
solution of sodium nitroprusside in
standard phosphate buffer at 25° was
reduced by alcoholic extract of PG. This
may be due to the antioxidant principlesin
the Psidium guajava root bark, which
compete with oxygen to react with nitric
oxide there by inhibiting the generation of
nitrite. The alcoholic extract of root bark
of PG exhibited marked and dose
dependent free radical scavenging effect in
DPPH radical scavenging assay.

Lipid peroxidation can be prevented either
by reducing the formation of free radicals
or by supplying the competitive substrate
for unsaturated lipids in the membrane or
by accelerating the repair mechanisms of
damaged cell membrane (Ohkowa et
al.,1979). The antioxidant activity could
be attributed with the flavonoids and
alkaloids from extract of PG root bark.
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On the other hand, tannins existing in
alcoholic extract of PG plant could aso
play an important role. It has been
reported that they have free radical
scavenger properties and antioxidant
action. Flavonoids existing in the extracts
could play an important role and are
phenolic compounds widely distributed in
the plant kingdom and have severa
pharmacological  properties such as
spasmolytic and antidiarrhoeal activities.
Flavonoids have been reported to have
free radical scavenger  properties.
Researchers reported that flavonoids are
antioxidants found usually in plants, fruits
and vegetable and are known to be
excellent scavengers of free radicals (Tona
et al 1999).

The results of the present investigation, we
conclude that the alcoholic extract of
Psidium guajava root bark had significant
antibacterial and antioxidant activity. The
present investigation provide a support to
some uses of the plant in traditional
medicine. Further studies are recommends
for the differentiating activities against
different microorganisms of this extract
encourage in identifying and to isolate the
novel active components responsible for
the antimicrobial and antioxidant activity.



Int.J.Curr.Microbiol.App.Sci (2013) 2(10): 238-248

References

Ali, A., M. Shamsuzzaman, M. 1996.
Isolation and characterization of
antibacterial constituents from the bark
of Psidium guajava. Bangladesh. J.
scienti.Indust. Res. 31: 133-139.

Ali, S.,.S., N. Kasoju, A., Luthra, A.,
Singh, H., Sharanabasava, A., Sahu
and Bora, U. 2008. Indian medicinal
herbs as sources of antioxidants. Food
Research International 41: 1 15.

Ayensu , E., S. 1978. Medicina Plants of
West Africa. Reference publications
Inc. USA 36-39.

Blois, M., S 1958. Antioxidant
determinations by the use of stable free
radical. Nature. 26: 1199.

Conway, P., Tree Medicinee A
Comprehensive Guide to the Healing
Power of Over. 170 .

Geidam, Y., A. Ambdi, A., G. and
Onyeyili, P.A. 2007. Preliminary
phytochemical and  antibacteria
evaluation of crude ag. Extract of
Psidium guajava leaf . J. Applied Sci.
7: 511-514.

Gutierrez, R., M. Mitchell, S. and Salis,
R.V. 2008. Psidium guajava. A
review of its traditional uses.
Phytochemistry and Pharmacology. J.
Ethno Pharmacol. 47: 1-27.

Hassimotto, N., M. A.Genovese, M., |. and
Laolo, F.,, M. 2005. Antioxidant
activity of dietary fruits, vegetables
and commercia frozen fruit pulps. J.
Agric. Food Chem. 53 : 2928-2935.

Heilman, F., R. Hinshaw, H., C. Nicholas,
D.R. Mayo, C. 1945, 20: 408.

Kokate, C., K. Purohit, A,. P. Gokhale, S,,
B. Text book of Pharmacognosy, 31%
Nirali Prakashan, 2010

Marcocci, L., Packer, L., Droy-Lefaix,
M. T.1994. Antioxidant action of
Ginkgo biloba extracts EGB 761.
Methods Enzymol. 234 : 462-475.

247

Marx, J., L. 1987. Oxygen free radicals
linked to many diseases. 1987.
Science. 235 : 529.

Masuda, T., Yonemori, S. Oyama, Y.,
Jakeda, Y. and Tanaka, T. 1999.
Evaluation of antioxidant activity of
environmental plants. Activity of the
leaf extract from the sea shore plants.
J. Agric. Food chem. 47 : 1749-1754.

Morton, J., Julia, F., M. 1987. Guava. In:
Fuits of Warm Climates. Miami
University. Miami, FL: 356-363.

Nadkarni, K., M. Nadkarni, A., K. 1999.
Indian material  medicines with
Ayurvedic, Unani- Tibbi, Siddha,
Allopathi, Homeopathic, Naturopathic

and Home Remedies. Popular
Prakashan  Private Ltd. Bombay,
India. 1.

Ogbonnia,S.,0, Enwuru, N.V,

Onyemenem, E.,U, Oydele, G.A,
Enwuru, C.,A.2008.Phytochemical
evaluation and antibacterial profile of
Treculia africana Decne bark extract
on gastrointestinal pathogens. Afr. J.
Biotechnol. 7: 385-1389.

Ohkawa, N., Ohishi, H., Y. 1979. Assay of
lipid peroxides in animal tissue by
thiobarbituric acid reaction. Anal
Biochem. 95: 331-335.

Ojewole, J., A. O. 2003.Antiinflammatory
and analgesic effects of Psidium
guajava Linn. Leaf. J
Ethnopharmacol. 85: 61-7.

Okeke, M., I. lroegbu, C., U. Eze, E., N.
Okali, A., S. Esimone, C., O. 2001.
Evaluation of extracts of the roots of
Landolphia owerriense for anti-
bacteria activity. J. Ethnopharmacol.
78:119-127.

Okwu, D., and E. Ekeke, O. 2003.
Phytochemical screening and mineral
composition of chewing sticks in
South Eastern Nigeria. Globa Journal
of pure and applied sciences. 9 : 235-
238.



Int.J.Curr.Microbiol.App.Sci (2013) 2(10): 238-248

Palambo, E., A. Semple, S, .J. 2001
Antibacterial activity of traditional
medicina plants. J. Ethnopharmacol.
77 : 151-157.

Quisumbing, E. 1978. Medicina plants of
the Philippines katha publishing.
Quezon. Philippines. 640-642.

Raeswar, Y., Maaya, G and Upa K.,
M.2005. "In Vitro Lipid Peroxidation
and Antimicrobial Activity. of Mucuna
pruriens Seeds”. Iranian J. Pharma.&
Therapeutics.4: 32-35.

Samy, R., P. and Ignacimuthu, S. 2000.
Antibacterial activity of some folklore
medicina plants used by tribas in
Western  Ghats in  India J
Ethnopharmacol. 69 : 63-71.

Sato, R.,D., Karen, M., McPherson, B.,G.
and Brown, A., C. 2010.Anticancer
Activity of Guava (Psidium guajava)
Extract. Journal of Complementary
and Integrative Medicine: 7.

Stepanovic, S., N. Antic , |., Dakic and
Vabicvla Havoic, M., S. 2003. In vitro
antimicrobial drugs. Microbial. Res.
158 : 353-357.

Swarnamoni Das., Sarmistha.,D Saurav D.
2008. A study of the anti-ulcer activity
of the ethanolic extract of the leaves of
Psidium guajava on experimenta

animal  models. Internet.  J.  of.
Pharmacology. 7.

Ticzon, R. 1997. Herbal Medicine.
Encyclopedia.  Ticzon  Publishing
Philippines.

Tona, L., Kambu, K. Ngimbi, N. Cimanga,
K. 1999. Evauation of the
antidiarrheol, antiamoebic and
phytochemical of some Congolese
medicina plants. J. Ethnopharmacol.
61: 57-65.

248

Vako, M.,L. Moncol, D., Cronin, J.,
Mazur, M., Telser, M.2007. "Free
radicals and antioxidants in normal
physiologica functions and human
disease". The International Journal of
Biochemistry & Cell Biolog., 39: 44-
84.

Vani, T., Ragani, M., Sarkar, S., and
Shishoo, C.J. 1997. Antioxidant
properties of the ayurvedic formulation
Triphala and its constituents. Inter. J.
Pharmacognosy. 35 : 313-317.

Wyk, B.,E. V. Oudtshoorn, B., V. and
Gericke, N. 1997. Medicina Plants of
South Africa. Briza Publications.
Pretoria, South Africa, 304.

Xavier., L. 2002. Intestinal anti-spasmodic
effect of a phyto drug of Psidium
guajava folia in the treatment of acute
diorrheatic disease. Journal of Ethno
Pharmacology. 83 : 19-24

Yoshikawa.,, T., Tanaka, H., Yoshida,
H., Sato, O., Sugino, N. and Kondo,
M. 1983. Adjuvant arthritis and lipid
peroxidation protection by superoxide
dismutase, Lipid peroxide. Res. 7 :
108-112.

Y oudim, M., B., H. 1990.
Neuropharmacol ogical and
Neurobiological aspects of iron

deficiency. In: Brain, Behaviour and
Iron in the infant Diet. Springer-
Verlag. 83-97.



