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INTRODUCTION

Plant based products; essential oils, plant extracts,
natural resins and their preparations have a wide range
of applications mainly in pharmaceutical industry, food
technology, aroma and cosmetic industries. Frankincense
or olibanum is a natural oleo-gum-resin obtained from the
incisions made in the bark of the trees of genus Boswellia
(family Burseraceae) (Mertens et al., 2009). It has a long
history of use and is considered as one of the oldest
fragrant and medicinal resins known throughout the world
(Culioli et al., 2003). This resin has been used for variety
of therapeutic purposes (Marinetz et al., 1988), including
cancer (Shao et al., 1998), inflammation (Singh and Atal,
1986), arthritis (Sharma et al., 1989), asthma (Gupta et
al., 1998), psoriasis (Chopra et al., 1956), colitis (Gupta
et al.,, 2001), Crohn’s diseases (Gerhardt et al., 2001),
and hyperlipidemia (Pandey et al., 2005). Due to these
enormous therapeutic applications, it can accurately be
described as a panacea (used for everything from cold to
cancer). Frankincense trees are found in Oman, Somalia,
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Ethiopia, Yemen, the Southern Arabian Peninsula, and
India (Marshall, 2003; Culioli et al., 2003; Baser et al.,
2003; Hamm et al., 2005). Dhofar region in southern
Oman is the source of Boswellia sacra Flueckiger (Coppi
et al., 2010), the sacred frankincense, also called LUBAN
in the local language. In folklore, frankincense from B.
sacra is used to stimulate digestion, to expel congested
phlegm, to combat halitosis, and to strengthen the teeth
and gum. It is also used for other ceremonial and
traditional purposes (Culioli et al., 2003).

Considering the high medicinal importance of this
precious resin as well as its frequent use in many food
recipes, the present study aimed at evaluating the
proximate composition (moisture, ash, fats, crude fiber,
proteins, carbohydrates and energy value) of various
grades of resin as well as the leaves of B. sacra. To the
best of our knowledge, this is the first proximate analysis
of Boswellia species.

MATERIALS AND METHODS
Sample collection and identification

Frankincense has been classified into six grades on the basis of its
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Table 1. Collection details of the selected samples of resins and leaves of B. sacra.

Frankincense samples Codes Place of collectionins  ultanate of Oman
Royal Hougari white RHW Hougar mountain, Salalah

Super Hougari green SHG Hougar mountain, Salalah

Hougari regular HR Hougar mountain, Salalah

Hougari yellow HY Hougar mountain, Salalah

Shabi Frankincense SF Oyoon, Salalah, Oman

Leaves (Boswella sacra) FL Oyoon, Salalah, Oman

degree of excellence. The size, color and hardness of the resin
lumps differ significantly from one grade to another. The samples of
various grades of frankincense as well as the leaves were collected
from the B. sacra tree in Wadi Ofool which belongs to the Shazri
type. Some of the frankincense samples were collected from
different locations in Dhofar and were supplied by a trustful Dhofari
partner (Dr. Saleh Al-Amri). Four samples of Hougari frankincense
resins namely; Royal Hougari white (RHW), super Hougari green
(SHG), Hougari yellow (HY) and Hougari regular (RH) were
collected from Wadi Hougar. Shabi Frankincense (SF) resin was
collected from Wadi Magsyl. All these samples were authenticated
by Dr. Mustafa Mansi (botanist), Department of Biological Sciences
and Chemistry, University of Nizwa, the Sultanate of Oman. All the
samples were collected in April and May by the corresponding
author and his team, and the details of these collections are
summarized in Table 1.

Sample preparation

All the samples of resins and leaves were kept under subdued light
for drying prior to proximate analysis. The dried matter thus
obtained was ground to a fine powder and stored at room
temperature in air-tight containers prior to further analysis.

Proximate analysis

All the collected samples (SHG, SF, RHW, RH, HY and FL) were
analyzed using the methods reported by the Association of Official
Analytical Chemists (AOAC, 2000). Nitrogen estimation was carried
out by the micro-Kjeldahl (Kjel Flex K-360) method (Pearson, 1976)
and the crude protein was subsequently calculated by multiplying
the nitrogen content by a factor of 6.25.

The moisture content was determined by moisture analyser
(KERN MLS_N) and also by a manual drying method in a WiseVen
oven (WOF-105, Version 1.4.3) at 105 for 6 h (AOAC, 20 00), and
both the values were compared. Ash content was obtained by dry
ashing in Wise Therm muffle furnace (FP-03, Version 1.4.4) at
550C for 3 h. Crude lipid was quantified using the soxhlet
apparatus and n-hexane as a solvent by the reported method
(AOAC, 2003). Crude fiber was estimated by acid-base digestion
with 1.25% H>SO4 (v/v) and 1.25% NaOH (w/v) solutions (Hussain
et al., 2010a).

Total carbohydrates were calculated by the difference, and the
total energy values were calculated by multiplying the amount of
proteins and carbohydrates by a factor of 4 and lipid by the factor of
9 K cal/100g (Al-Farsi et al., 2007). The alcohol soluble extractives
were extracted with 90% ethanol (100 mL) by the reported method
(Falodun and Irabor, 2008). All the analyses were done in triplicate.

Statistical analysis

The results were calculated for three independent determinations

with their mean, standard error and correlation matrix. Statistical
analysis was performed using Statistic Analysis System SAS 9
(Steel and Torrie, 1980).

RESULTS AND DISCUSSION

The texture, taste, appearance and stability of foods
depend on the amount of water they contain. As the
moisture content depends on the environmental
conditions such as humidity and temperature in growing
period, harvest time, climate as well as storage
conditions, knowing this is necessary to predict the
behavior of foods during processing. Thus it is important
for food scientists to be able to reliably measure moisture
contents of the various food materials. Among the
analyzed samples, SF grade resin was found to contain
the lowest moisture content (5.41, and 6.25% by moisture
analyzer and by dry oven method, respectively), whereas
the highest moisture content was found to be present in
RHW (11.54 and 10.73% by moisture analyzer, and by
oven dry method respectively) (Table 2 and Figure 1).
SHG and RHW grade resins were found to contain
comparatively higher values of moisture content and
were significantly different (P < 0.05) from the other
species. However, no significant difference was observed
between the values of moisture content analyzed by both
methods (P < 0.05). The other grades of the resin
showed moisture values comparable to those reported for
different cultivars ranging from 6.1 to 8.9% (Onwuliri and
Obu, 2002; Trugo et al.,, 2000), and to the values
described for the Indian wild legume seeds varied from
5.7 to 8.5% (Vadivel and Janardhanan, 2005).

The crude fats (lipid content) were found to be the
highest in the SHG grade (85.36%), followed by HR
(77.38%), HY (76.94%), RHW (76.47%), SF (71.58%),
and FL (6.90%) in the decreasing order (Table 2 and
Figure 1). This higher value (85.36%) of SHG grade resin
was significantly different (P < 0.05); however the other
grades of the resin (SF, HY, HR and RHW) showed close
similarity in lipid content except those for the B. sacra
leaves. The lipid content in various grades of resin was
higher than those described for soybean seeds, an
important oil seed, with values ranging from 18.3 to
21.5% (Vasconcelos et al., 1997), melon seed varieties
(40.86 to 45.21%) in Nigeria (Abiodun and Adeleke,
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Table 2. Proximate values of the selected resins and leaves of B. sacra (in percentages).

Parameter FL+S.E SF+S.E HY + S.E HR +S.E SHG + S.E RHW + S.E

Moisture (moisture analyzer) 7.93+0.05™ 5.41+ 0.005° 9.88 +0.06" 6.61 £ 0.062° 11.36 £ 0.09°  11.54 +0.007°
Moisture (dry oven method) 7.47 +0.10° 6.25 + 0.06° 8.90 +0.02° 7.13 +0.032° 10.65+0.06%  10.73 +0.005%
Dry matter 91.97 +0.01*° 94.58 +0.005° 90.10 +0.06®®  93.38+0.062°  88.63+0.09"  88.45+0.007"
Alcohol soluble extractive 14.09 + 0.01% 56.72 +0.04° 57.37 +0.07° 58.20+0.020° 64.84+0.01*° 47.88 +0.007%
Ash 6.66 + 0.03? 1.64 +0.04%° 1.51 +0.01% 1.60 + 0.041" 1.02 +0.01" 1.54 +0.01"

Crude fats 6.90 +0.09% 71.58 +0.06° 76.94 +0.05°  77.38+0.069°  85.36+0.06°  76.47 +0.092°
Crude fiber 6.90 +0.00% 1.25 +0.005™ 0.05 +0.002¢ 0.17 +0.001¢ 0.07+ 0.001¢ 0.04 +0.002¢
Nitrogen 0.07 +0.000* 0.11 +0.002% 0.07 £0.001°  0.18+ 0.004*  0.04+0.002°  0.10+ 0.001®
Proteins (Nx6.25) 0.49 +0.003" 0.71 +0.01% 0.49 +0.007° 1.14 +0.026° 0.25+0.01° 0.67 +0.011%
Carbohydrates 74.15 + 0.06° 24.79 +0.05™ 20.98+0.06° 19.68 +0.09° 13.30 £0.05%  21.25 +0.093°

Energy value (Kcal/100g)

360.80 + 0.60%

746.31 +0.42"°

778.42 +0.22°

779.78 £ 0.43"

822.53 +0.35°

776.005 +0.43°

Data are means + standard error of triplicate determinations on dry weight basis. **Values with different superscript are significantly different at (P < 0.05) by Duncan’s
multiple range test. The results were analyzed using Statistic Analysis System (SAS 9.1). Values given are mean + standard error.
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Figure 1. Graphical presentation of the various parameters of the resin and leaves in percentage.

2010), wild growing mushrooms (0.4 to 27.5%) in
Europe (Kalac, 2009), wild legume seeds (0.7 to
29.6%) in Northeastern Brazil (Carvalho et al.,
2011) and some vegetables (8.3 to 27.0%)

consumed in Nigeria, and Republic of Niger (Ifon
and Bassir, 1980). Based on these observations
the frankincense samples can thus be considered
as an excellent source of dietary oil and in turn

can be considered as a source of stored energy.

Carbohydrates are one of the most important
components in many foods, and the digestible
carbohydrates are considered as an important



source of energy. The carbohydrate content of analyzed
samples suggested that the leaves of B. sacra have the
highest amount of carbohydrates (74.15%), with
significant difference (P < 0.05), followed by various
grades of the resin in the decreasing order of SF
(24.79%), RHW (21.25%), HY (20.98%), HR (19.68%),
and SHG (13.30%) respectively (Table 2 and Figure 1).

However, the two grades of the resin; HY and RHW
showed non-significant difference (P < 0.05). The
contribution of the carbohydrates to the energy in a food
ration recommended by WHO (1990) is from 55 to 75%.
Although the range of carbohydrates of various grades of
resin was lower than the reported WHO value, however,
the leaves of B. sacra fall in the acceptable range set by
WHO. Thus the leaves of B. sacra can be used as a
source of energy contribution in a food ration. This
comparative study of the carbohydrate value (74.15%) of
the leaves of B. sacra indicated a close agreement with
what has been reported for the medicinally important
plants; Otostegia limbata (78.81%) and Lavandula
angustifolia (73.06%), which are being used in various
folk medicines for the curing of wounds and treatment of
ophthalmia and also as antiasthmatic, antiseptic,
antispasmodic, digestive and expectorant (Adnan et al.,
2010).

The ash content, which is an index of mineral contents
in biota, was high in the leaves of B. sacra (6.66%), as
compared to the frankincense samples (Table 2 and
Figure 1). The ash content in the leaves of B. sacra was
significantly higher than the resins, whereas, no signifi-
cant difference was observed among the various grades
of the resin (P < 0.05). The ash content in the leaves
revealed comparable results with the previously analyzed
medicinal plants, Ammonum sulbulatum (6.97%) and
Rhazya stricta (6.21%) reported by Hussain et al. (2009,
2010b).

The high fiber contents in the diet increases
digestibility, but on the other hand high level of fibers can
also produce intestinal irritation, and ultimately decreases
the utilization of the nutrients (Oyenuga and Fetuga,
1975). The leaves of B. sacra (FL) had the highest value
of fibers (6.90%), followed by the resin of SF grade
(1.25%), while the other grades of the resin had
comparatively lower concentration of the fiber (Table 2).
The leaves were thus significantly different (P < 0.05)
from the other grades of the resin due to high value in
crude fiber, but there was no significant difference in the
crude fiber values of the various grades of the resin
except that of SF (1.25%).

The protein content of the leaves and the various
grades of the resin was calculated on the basis of the
available nitrogen using Kjeldahl method and was
observed in the range of 0.25 to 1.14% with HR grade of
the resin having the highest value which was significantly
different (P < 0.05) from other frankincense samples
(Table 2). The other grades of the resin as well as the
leaves showed relatively low protein content with non-
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significant difference. The daily recommended proteins
for men and women underlined by WHO (1990) are from
14.5 to 53.3% of ration. Based on this fact, the resin of
the various grades, as well as the leaves of the plant B.
sacra was considered as poor sources of proteins.

The extractive potency of the selected samples in
alcohol was also determined and the results are
tabulated in Table 2. SHG grade resin was found to be
significantly higher in extractive potency than the
remaining frankincense samples (P < 0.05). Low level of
extractive potency was observed in the leaves of B.
sacra. No significant difference was observed in the
remaining four frankincense samples.

According to the results of the energy calculations,
based on the carbohydrates, fats, and protein content,
the highest value was found in the SHG grade of the
resin (822.53 kcal/100g), while the leaves of B. sacra
were found to contain the lowest energy value (360.80
kcal/100 g). The energy value of the resin of SHG grade
was significantly different from other frankincense sam-
ples. However, no significant difference was observed in
the remaining grades HY, HR and RHW (P < 0.05). The
energy value in the leaves of B. sacra (360.80 kcal/100 g)
was comparatively higher than the reported values of
some Nigerian leafy vegetables (248.8 to 307.1
kcal/100g) (Isong et al., 1999), some Ghanian green leafy
vegetables like Corchorus tridens (283.1 kcal/100g) and
sweet potato leaves (288.3 kcal/100g) (Asibey-Berko and
Tayie, 1999).

However, it was found to be in close proximity to the
commonly consumed vegetables like Luffa acutangula
(358.94 kcal/l00 g) and Cucurbita moschata (359.18
kcal/100g) (Hussain et al., 2010a).

Looking at the correlation analysis of the selected
parameters, it is evident that similar parameters have
high significant correlation while the inter-parameter
correlation is either nonsignificant or less significant and
the various parameters are moderately related (Table 3).
Moisture (moisture analyzer) with moisture (manual or
the dry oven method); ash with crude fiber and
carbohydrates; nitrogen with proteins; alcohol extractive
with crude fats and energy value, and crude fats with
energy value showed the significant correlation.

Dry matter showed nonsignificant correlation with
moisture (analyzed both by moisture analyzer and by the
dry oven method). In the same way, ash with alcohol
soluble extractives, crude fats, and energy value; crude
fiber with alcohol extractive, crude fats and energy value;
alcohol soluble extractives and crude fats with carbohy-
drates, and carbohydrates with energy value showed
nonsignificant correlation, whereas the remaining para-
meters showed less or moderate correlation (Table 3).

Two-way ANOVA analysis without replication was
conducted to know the sum, average and variance of the
nutrient parameters of the selected frankincense
samples. While taking proximate parameters as factors,
for almost all the samples, there was no or less
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Table 3. Correlation matrix of nutrient parameters.
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Parameter Moisture Moisture Ash Clrude Nitrogen Proteins Alcohol Crude Dry Carbonhydrates Energy
(M. analyzer) (manual) fiber extract fats matter value
Moisture (M. analyzer) 1
Moisture (dry oven method) 0.948 1
Ash -0.229 -0.419 1
Crude fiber -0.239 -0.41 0.993 1
Nitrogen -0.595 -0.566 -0.142 -0.203 1
Proteins -0.594 -0.566 -0.14 -0.202 0.999 1
Alcohol extract 0.131 0.309 -0.97 -0.95 0.109 0.107 1
Crude fats 0.262 0.44 -0.997 -0.993 0.139 0.1383 0.971 1
Dry matter -0.999 -0.945 0.217 0.227 0.6 0.598 -0.118 -0.249 1
Carbohydrates -0.261 -0.44 0.996 0.991 -0.138 -0.137 -0.9736 -0.999 0.248 1
Energy value 0.258 0.436 -0.998 -0.995 0.146 0.145 0.969 0.999 -0.246 -0.999 1
Table 4. Summary of the anova analysis (two-factor without replication).
Summary Count Sum Average Variance
FL 11 582.364 52.942 11385.7
SF 11 1010.4 91.854 48216.63
HY 11 1044.767 94.978 52465.78
HR 11 1045.301 95.027 52731.57
SHG 11 1098.092 99.826 58671.52
HR 11 1034.727 94.066 52152.03
Moisture (moisture analyzer) 6 52 8.792 6.460
Moisture ( dry oven method) 6 52 8.690 2.804
Ash 6 14 2.333 4.543
Crude Fiber 6 13 2.230 22.075
Nitrogen 6 0.6 0.100 0.0023
Proteins 6 3 0.631 0.089
Alcohol soluble extractives 6 299 49.854 336.179
Crude fats 6 394 65.777 851.370
Dry matter 6 547 91.191 6.436
Carbohydrates 6 174. 29.029 502.894
Energy value 6 4263 710.644 29965




interdependency (Table 4).

Conclusion

Due to the high importance and frequent use of
frankincense in medicine, pharmaceutics, and food
industries (Gerhardt et al., 2001), it is necessary to
assure the constant quality of the traded frankincense
resin and its respective products by developing specific
criteria. This study indicated that there was no significant
difference among the five grades of frankincense in terms
of the analysed parameters except the leaves of B. sacra.

This study further indicated that leaves are considered
as the source of minerals, being abundant in ash content,
whereas the five grades of frankincense were found to be
excellent source of lipids and hence the energy value.
These promising results are encouraging to do further
investigations to explore this vast field of interest for the
scientific community.

ACKNOWLEDGEMENTS

The authors would like to thank The Oman Research
Council (TRC) for the generous support through the
funded project (ORG/CBS/10/002) and the University of
Nizwa through the funded project (A109-10-UON/28/A &
S/IF). We thank Rashid Al-Harrasi for his technical
assistance.

REFERENCES

Abiodun OA, Adeleke RO (2010). Comparative studies on nutritional
composition of four melon seeds varieties. Pakistan J. Nutr., 9: 905-
908.

Adnan M, Hussain J, Shah MT, Shinwari ZK, Ullah F, Bahader A, Khan
N, Khan AL, Watanabe T (2010). Proximate and nutrient composition
of medicinal plants of humid and sub-humid regions in North-West
Pakistan. J. Med. Plants Res., 4: 339-345.

Al-Farsi M, Alasalvar C, Al-Abid M, Al-Shoaily K, Al-Amry M, Al-Rawahy
F (2007). Compositional and functional characteristics of dates,
syrups, and their by-products. Food Chem., 104: 943-947.

AOAC International (Association of Official Analytical Communities)
(2000). Official methods of analysis of AOAC international 17" ed.
Gaithersberg, MD, USA.

AOAC International (Association of Official Analytical Communities)
(2003). Official methods of Analysis of AOAC International 17" ed.
Gaithersberg, MD, USA.

Asibey-Berko E, Tayie FAK (1999). Proximate analysis of some under-
utilized Ghanaian vegetables. Ghana J. Sci., 39: 91-96.

Baser KHC, Demirci B, Dekebo A, Dagne E (2003). Essential oils of
some Boswellia spp., Myrrh and Opopanax. Flavour Frag. J., 18:
153-156.

Carvalho AFU, Farias DFF, da Rocha-Bezerra LCB, de Sousa NM,
Cavalheiro MG, Fernandes GS, Brasil ICF, Maia AAB, de Sousa
DOB, Vasconcelos IM, Gouveia ST, Machado OLT (2011).
Preliminary assessment of the nutritional composition of under
exploited wild legumes from semi-arid Caatinga and moist forest
environments of northeastern Brazil. J. Food Compos. Anal., 24: 487-
493.

Chopra RN, Nayar SL, Chopra IC (1956). In Glossary of indian
medicinal plants (Council of Industrial and Scientific Research), New

Al-Harrasi et al. 3103

Delhi, p. 39.

Coppi A, Cecchi L, Selvi F, Raffaelli M (2010). The frankincense tree (B.
sacra, Burseraceae) from Oman: ITS and ISSR analyses of genetic
diversity and implications for conservation. Genet. Resour. Crop Ev.,
57:1041-1052.

Culioli G, Mathe C, Archier P, Vieillescazes C (2003). A lupane
triterpene  from frankincense (Boswellia sp., Burseraceae).
Phytochemistry, 62: 537-541.

Falodun A, Irabor EE (2008). Phytochemical, proximate, antioxideant
and free radical scavenging evaluations of Calliandria surinamensis.
Acta Pol. Pharm-Drug Res., 65: 571-575.

Gerhardt H, Seifert F, Buvari P, Vogelsang H, Repges R (2001).
Therapy of active Crohn disease with Boswellia serrata extract H 15.
Z. Gastroenterology, 39: 11-17.

Gupta |, Gupta V, Parihar A, Gupta S, Ludtke R, Safayhi H, Ammon HP
(1998). Effects of Boswellia serrata gum resin in patients with
bronchial asthma: results of a double-blind, placebo-controlled, 6-
week clinical study. European J. Med Res., 3: 511-514.

Gupta |, Parihar A, Malhotra P, Gupta S, Ludtke R, Safayhi H, Ammon
HP (2001). Effects of gum resin of Boswellia serrata in patients with
chronic colitis. Planta Med., 67: 391-395.

Hamm S, Blleton J, Connan J, Tchapla A (2005). A chemical
investigation by headspace SPME and GC-MS of volatile and semi-
volatile terpenes in various olibanum samples. Phytochemistry, 66:
1499-1514.

Hussain J, Khan AL, Rehman N, Zainullah, Khan F, Hussain ST,
Shinwari ZK (2009). Proximate and nutrient investigations of selected
medicinal plant species of Pakistan. Pakistan J. Nutr., 8: 620-624.

Hussain J, Rehman N, Khan AL, Hamayun M, Hussain SM, Shinwari
ZK (2010a). Proximate and essential nutrients evaluation of selected
vegetables species from Kohat region, Pakistan. Pakistan J. Bot., 42:
2847-2855.

Hussain J, Ullah R, Rehman N, Khan AL, Muhammad Z, Khan FU,
Hussain ST, Anwar S (2010b). Endogenous transitional metal and
proximate analysis of selected medicinal plants from Pakistan. J.
Med. Plants Res., 4: 267-270.

Ifon ET, Bassir O (1980). The nutritive value of some Nigerian leafy
green vegetables- Part 2: The distribution of protein, carbohydrates
(including ethanol-soluble simple sugars), crude fat, fiber and ash.
Food Chem., 5: 231-235.

Isong EU, Adewusi SAR, Nkanga EU, Umoh EE, Offiong EE (1999).
Nutritional and phytogeriatological studies of three varieties of
Gnetum africanum (afang). Food Chem., 64: 489-493.

Kalac P (2009). Chemical Composition and nutritional value of
European species of wild growing mushrooms: A review. Food
Chem., 113: 9-16.

Marinetz D, Lohs K, Janzen J (1988). In Weihrauch and Myrrhe,
Kulturgeschichte und wirtschaftliche Bedeutung Botanik, Chemie,
Medizin, Wissenschaftliche Verlagsgesellschaft Stuttgart, S. 153.

Marshall S (2003). Frankincense: festive pharmacognosy. Pharm. J.,
271: 862-864.

Mertens M, Buettner A, Kirchhoff E (2009). The volatile constituents of
frankincense: A review. Flavour Frag. J., 24: 279-300.

Onwuliri VA, Obu JA (2002). Lipids and other constituents of Vigna
ungiculata and Phaseolus vulgaris grown in northern Nigeria. Food
Chem., 78: 1-7.

Oyenuga VA, Fetuga BL (1975). Some aspects of the biochemistry and
nutritive value of the watermelon seed (Citrullus vulgaris, Schrad). J.
Sci. Food Agric., 26: 843-846.

Pandey RS, Singh BK, Tripathi YB (2005). Extract of gum resins of
Boswellia serrata L. inhibits lipopolysaccharide induced nitric oxide
production in rat macrophages along with hypolipidemic property.
Indian J. Exp. Biol., 43: 509-516.

Pearson D (1976). In Chemical Analysis of Foods, 7" ed. London:
Churchill Livingstone, 7-11.

Shao Y, Ho CT, Chin CK, Badmaev V, Ma W, Huang MT (1998).
Inhibitory activity of Boswellic acids from Boswellia serrata against
human leukemia HL-60 cells in culture. Planta Med., 64: 328-331.

Sharma ML, Bani S, Singh GB (1989). Anti-arthritic activity of Boswellic
acids in bovine serum albumin-induced arthritis. Int.
J. Immunopharmacol., 11: 647-652.

Singh GB, Atal CK (1986). Pharmacology of an extract of Salai guggal



3104 J. Med. Plants Res.

ex-Boswellia serrata, a new non steroidal anti-inflammatory agent.
Agents Actions, 18: 407-412.

Steel RGD, Torrie JH (1980). In Principles and procedures of statistics:
A biometrical approach. New York: Mc Graw-Hill.

Trugo LC, Donangelo CM, Trugo NMF, Bach Knudsen KE (2000).
Effect of heat treatment on nutritional quality of germinated legume
seeds. J. Agric. Food Chem., 48: 2082-2086.

Vadivel V, Janardhanan K (2005). Nutritional and antinutritional
characteristics of seven South Indian wild legumes. Plant Foods
Hum. Nutr., 60: 69-75.

Vasconcelos IM, Siebra EA, Maia AAB, Moreira RA, Neto AF, Campelo
GJA, Oliveira JTA (1997). Composition, toxic, and antinutritional
factors of newly developed cultivars of Brazilian soybean (Glycine
max). J. Sci. Food Agric., 75: 419-426.

WHO (World Health Organization) (1990). Diet nutrition study group.
Technical report series WHO, Geneva, 797: 54-61.



