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Abstract: Shilajit is considered as one of the wonder medicines of Ayurveda. It is an important drug of the ancient Hindu medication and until present day it is being used extensively for a variety of diseases. However, there are a number of reports which have associated metal poisoning with traditional use of herbal medicine including Shilajit. This study aims to determine the prevalence and concentration of heavy metals in Shilajit obtained from natural valleys of Gilgit (sample A) and Chellas (sample B) which are commonly used in Pakistan. Determination of heavy metals was carried out using atomic absorption spectrophotometry. Iron, zinc, chromium, manganese, cobalt and lead were detected in both samples. The percentages of these metals in sample A were 0.19680%, 0.08705%, 0.01138%, 0.0026%, 0.00051% and 0.00008%, respectively, while sample B contains these metals in the following percentages: 0.03210%, 0.00213%, 0.00154%, 0.00147%, 0.00055% and 0.00023%. Our data indicated that the metal concentration in both tested samples are within permissible level as prescribed by World Health Organization (WHO) and are not associated with detrimental health effects.
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1.          INTRODUCTION

Shilajit is a blackish-brown exudation, from steep rocks of different formations, commonly found in the Himalayas at altitudes around 1000–5000 m, from Arunachal Pradesh in the East to Kashmir in the West. It is also found in Afghanistan (Hindukush), Bhutan, China, Nepal, Pakistan, Tibet (Himalayan belt) and the USSR (Ural-Tien-Shan). Shilajit is believed to slow down aging and produce rejuvenation.1

Literature suggests that there are six types of Shilajit based on the corresponding six types of metal from which it exudes: gold, silver, copper, iron, tin and lead. Each type has the same taste and potency as the metal to whose essence it owes its origin. Shilajit derived from tin, lead, iron, copper, silver and gold are progressively more efficacious in their nature.2 The black form of Shilajit is the most commonly used medicinal form.3 The general appearance of Shilajit is that of a compact mass of vegetable organic matter composed of a dark-red gummy matrix interspersed with vegetable fibres, sand and earthy matter. The gummy substance dissolves in water and when washed away leaves an earthy matter, vegetable fibres and a black round button-like masses (1/8 inches in diameter) resembling pea size.4

Chemical analysis shows that Shilajit contains gums, albuminoids, traces of resin and fatty acid, a large quantity of benzoic, as well as hippuric acids and their salts. From the medicinal point of view, the chief active substances are benzoic acid and benzoates.5 Shilajit has long been regarded as a bitumen (asphalt) or mineral resin, or as a plant fossil exposed by elevation of the Himalayas. Chemical investigations have shown that it contains significant quantities of organic compounds, including bioactive oxygenated dibenzo-alpha-pyrones, tirucallane triterpenes, phenolic lipids and small tannoids. Shilajit, obtained from different sources, has now been standardised on the basis of its major organic constituents.5 Shilajit is essentially constituted of fresh and modified remnants of humus (10%–70% of the water-soluble fraction of Shilajit), admixed with plant and microbial metabolites occurring in the rock rhizosphere of its natural habitat.6

Traditionally, Shilajit is used in dermatological, gastrointestinal, haematological, lymphatic, immunology, cancer and infectious diseases.2,7 While modern indications suggest that Shilajit can also reduce blood sugar.8 But despite its growing use since 1978, a number of cases of heavy metal intoxication associated with ayurvedic herbal medicine products (HMPs) in adults and children have been reported worldwide.9 Heavy metal estimation is therefore mandatory to avoid metal intoxication. However, in the literature there is scarcity of data about heavy metals estimation in traditional medicine, i.e., Shilajit in Pakistan. For this purpose, we determined heavy metal content in Shilajit samples obtained from two popular valleys of Pakistan i.e., Gilgit and Chellas.

2.          RESULTS AND DISCUSSION

Two samples of Shilajit were studied from Gilgit and Chellas. Sample obtained from Gilgit was coded “A” and that from Chellas coded “B” for identification. Atomic absorption spectrophotometer (700 Perkin Elmer) was used in the experiment. Analytical grade chemicals with purity of 99.9% (Merck Darmstadt, Germany) were used during experimental analysis. Standard solutions of each metal were prepared by dilution of 1000 µg ml–1 certified standard solutions (Fluka Kamica Busch, Switzerland) of the respective metals. The known amount of Shilajit (1.0000 ± 0.0005 g) was dissolved in de-ionised water and diluted up to 100 ml. The amount of Fe, Zn, Cr, Mn, Co and Pb was found to be 1.968 mg g–1, 0.8705 mg g–1, 0.1138 mg g–1, 0.0260 mg g–1, 0.0051 mg g–1 and 0.0008 mg g–1 respectively in sample A, On the other hand, the corresponding compounds in sample B recorded 0.321 mg g–1, 0.0213 mg g–1, 0.0154 mg g–1, 0.0147 mg g–1, 0.0055 mg g–1 and 0.0023 mg g–1 respectively. These results are tabulated in Figure 1. Nickel and copper were not detected in both samples while physic-chemical properties of shilajit samples have been shown in Table 1.
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Figure  1:      Concentration of heavy metals in Shilajit samples.



Table  1:      Physical properties of Shilajit samples collected from Gilgit and Chellas.



	S/No
	Parameters
	Results



	1

	Colour
	Colour of both samples is same, pale-brown to blackish



	2

	Odour
	Smells like stale cow urine, both A and B



	3

	Physical state
	Sample A is semi solid, while B is in solid state



	4

	pH
	Water solutions (2 g/50 mL) of both are neutral (using pH-Meter and pH-paper)



	5

	Moisture
	Sample A contains 25% moisture while B contains 10%



	6

	Flame test
	Sample A and B are inflammable, burn with smoky flame



	7

	Solubility
	Both samples are soluble in water




The results show that the shilajit sample collected from Gilgit (sample A) contains higher percentage of Fe, Zn, Mn, and Co than Shilajit from Chellas (sample B) which contains higher percentage of Cr and Pb. The percentages of Fe, Zn, Cr, Mn, Co and Pb were found to be 0.1968%, 0.08705%, 0.01138%, 0.0026%, 0.00051% and 0.00008% respectively, in sample A as shown in Figure 2 while, 0.0321%, 0.00213%, 0.00154%, 0.00147%, 0.00055% and 0.00023% respectively, in sample B as shown in Figure 3.
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Figure  2:      Percentage of heavy metals in Shilajit sample A.
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Figure  3:      Percentage of heavy metals in Shilajit sample B.



The data is in strong contradiction with studies of Ayurvedic HMPs sold outside the United States and herbal remedies from other indigenous healing traditions which reported risk factors associated with high metal concentrations. In England, 30% of Ayurvedic HMPs samples contained lead, mercury and/or arsenic.10 In 22 out of 28 Ayurvedic HMPs purchased in India, 64% contained lead and mercury, and 41% contained arsenic.11 Traditional medicines from China,12 Malaysia,13 Mexico,14 Africa15 and the Middle East16 have also been shown to contain heavy metals.

This study indicates that the Shilajit samples contain heavy metals in such a ratio, which is not harmful to human body and may be used as a safe herbal remedy in numerous diseases. Concentration of metals in Shilajit samples will provide baseline data and there is a need for intensive sampling of the same for quantification of the results. Soil, plant and water quality monitoring, is a prerequisite in order to stop potential health hazards attached with its use.

3.          ACKNOWLEDGEMENT

The author Muhammad Rahim is grateful to Universiti Sains Malaysia and The World Academy of Sciences (TWAS) for providing TWAS-USM fellowship.

4.          REFERENCES

1.       Dutt, U. C. & King, G. (1877). Materia medica of the Hindus. Calcutta: Machine Press.

2.       Bhishagratna, K. K. & Samhita, S. (1998). Varanasi, vol. 2. Delhi: Chowkhamba Sanskrit Series Office.

3.       Halpern, M. (2003). Principles of Ayurvedic medicine, 5th ed. Grass Valley, CA: California College of Ayurveda.

4.       Chopra, R. N. et al. (1958). Chopra’s indigenous drugs of India, 2nd ed. Calcutta: B. K. Dhur of Academic Publishers.

5.       Ghosal, S. et al. (1991). The need for formulation of Shilajit by its isolated active constituents. Phytother. Res., 5, 211–216, DOI: 10.1002/ptr.2650050505.

6.       Mukherjee, B. & Patra, A. (1992). Traditional medicine. Presented at the Proceedings of International Seminar, 7–9 November, 308–319, Calcutta, India.

7.       Murthy, K. R. S. (2001). Astanga hrdayam, 5th ed. Delhi: Krishnadas Academy.

8.       Tierra, M. (1988). Planetary herbology. Twin Lakes, WI: Lotus Press.

9.       Ernst, E. (2002). Heavy metals in traditional Indian remedies. Eur. J. Clin. Pharmacol. 57, 891–896, DOI: 10.1007/s00228-001-0400-y.

10.     McElvaine, M. D. et al. (1990). Lead poisoning from the use of Indian folk medicines. J. Amer. Med. Assoc., 264, 2212–2213.

11.     Aslam, M., Davis, S. S. & Healy, M. A. (1979). Heavy metals in some Asian medicines and cosmetics. Public Health, 93, 274–284, DOI: 10.1016/S0033-3506(79)80078-5.

12.     Ko, R. J. (1998). Adulterants in Asian patent medicines. New Eng. J. Med., 339, 847.

13.     Ang, H. H., Lee, E. L. & Matsumoto, K. (2003). Analysis of lead content in herbal preparations in Malaysia. Hum. Exp. Toxicol., 22, 445–451.

14.     Baer, R. D. et al. (1998). Mexican use of lead in the treatment of empacho: Community, clinic, and longitudinal patterns. Soc. Sci. Med., 47, 1263–1266, DOI: 10.1016/S0277-9536(98)00183-X.

15.     Lekouch, N. et al. (2001). Lead and traditional Moroccan pharmacopoeia. Sci. Total Environ., 280, 39–43, DOI: 10.1016/S0048-9697(01)00801-4.

16.     Al-Khyat, A., Menon, N. S. & Alidina, M. R. (1997). Acute lead encephalopathy in early infancy: Clinical presentation and outcome. Ann. Trop. Paediatr., 17, 39–44.



OEBPS/images/Art_P40.jpg
o An2
Xa =HVL .





OEBPS/images/Art_P75.jpg
56.0809
55.2903
544998
537003
52.9188

3
1

Oil

2500
25.00

2000
/S ratio (mi/g) 17.50

20.00

750 Eytraction time (min)

1500 15.00





OEBPS/images/Art_P67.jpg
=B+ BX+Y. SUBXIX +Y BX, o

iZj






OEBPS/images/Art_P24.jpg
ol

ol

ol

106

102
00

96
94
92

o] T LN

04 e T gent M\J\JM

i

e

\ n
221 q

N b
semitaint %) REDPE/EVA tont

Tradiont
1o

e wrgamt )\

= ik
S s m\};m <
s R it

) REDPEEVA/PE-g- e

w:/ii anze /Vkv/\(

g \

7

P

1uiton Samnt

o EEi]

3000 2500 20 1500 1000 0





OEBPS/images/Art_P32.jpg
20kV  X15,000 1pm 14 56 SEI





OEBPS/images/Art_P8.jpg
—————t
RYRBRIVRE"°

SUOIIIW €2 BUlSSed %

Milling time (mins)







OEBPS/images/Art_P50.jpg
Traswition (%7,

Uncrosslinked CS/EFB Bioflms

40000

3600

3200

250

200 200

1500 1600
Wavelength (em?)

1300

1200

1000

00

600









OEBPS/images/Art_P42.jpg
o @

ES

Logof Intensity {counts)
Now

"

o

Attenuation pattern for Ordinary Concrete

5 10 15 20 25 30
Thickness (cm)







OEBPS/css/page-template.xpgt
                       



OEBPS/images/Art_P16.jpg
RHDPE/EVA

&
3

B
&

Tensile STrength (MPa)
55

SIS Y

CRHDPE/EVA/PE-g-MAH  EIRHDPE/EVA/CL-MAH

N

80/20

60/40 40/60
Blend Composition (wt%)

20/80







OEBPS/images/Art_P85.jpg





OEBPS/images/Art_P59.jpg
s cs

Acetone ds Acetone ds ‘

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm






OEBPS/images/Art_P69.jpg
Y =56.01+041X; + 020X, + 0.81X; +0.39X, - 0.90 X;” - 1.0SX," — 114X — 094X, (5)
_0.012X,X, — 0.26X;X; — 0.45X;Xs — 0.15X,X; + 0.283,X, — 0.56X:






OEBPS/images/Art_P39.jpg
1
in(22)





OEBPS/images/Art_P26.jpg
Current [ le-4A

=

s &

13
>

=

40

0.8

0.6

0.4

D2 ooz
Potential / V

0.4

0.6






OEBPS/images/Art_P30.jpg





OEBPS/images/Art_P73.jpg
56.28 -

. 5523

£

T 5418

“ sata
5208

T T T T T
5208 53.13 54.18 5623 56.28

Actual oil yield (%)





OEBPS/images/Art_P60.jpg





OEBPS/images/Art_P14.jpg
T
C a
i
I
is

0.4
0.35
03
0.25
0.2
0.15
0.1
0.05

200

250 300 350
SETX dosages (g/t)

400






OEBPS/images/Art_P57.jpg
5000,






OEBPS/images/Art_P87.jpg
10

o

0001

0.0001

aSample "A°

o

@ Sample "B

Ma

co

o






OEBPS/images/Art_P1.jpg
Mortality (%) =

B

% 100





OEBPS/images/Art_P44.jpg
Log of Intensity {counts)

@

-

w

~

Attenuation pattern for lead

2 3 4 5 6
Thickness (cm)





OEBPS/images/Art_P88.jpg
S Co 5
cr  0.0026%
0.01138 %

968 % ]

Sample
A






OEBPS/images/Art_P10.jpg
(m)e —=a 4~0 300

60

50

a0

3

s

20

S

1

5

0

200 250 300 350 400

SETX Dosage (g/ton)

mcl
mc2
L1
mcT
=TX10






OEBPS/images/Art_P62.jpg





OEBPS/images/Art_P28.jpg
1546

g
7

1538
1534

VI /uama eag






OEBPS/images/Art_P53.jpg
18KU X2, 80! @8 31 SEI





OEBPS/images/Art_P36.jpg
Lead Shield
Amplifier

=nll

AT

Blocks

Gamma source Nal (T1) detector






OEBPS/images/Art_P19.jpg
Elongation at Break (%)

BN

00
00
o

RHDPE/EVA

DCRHDPE/EVA/PE g MAH  EIRHDPE/EVA/CL-MAH

60/40 40/60
Blend Composition (wt%)

20/80






OEBPS/images/Art_P45.jpg
Attenuation pattern of materials studied

«

-

—e—Building Blocks

23
s —i— Ordinary Concrete
E
z 2 —e—tron
kY —w—Lead
o
0 5 10 15 20 25 30 35

Thickness (cm)





OEBPS/images/Art_P38.jpg
)

05

0s

04

03

02

Absorption Coef. for Buil:

ing blocks

¥=0.1254x4 00284 ®

thickness (cm)

3





OEBPS/images/Art_P12.jpg
oo -

()<

6 <000 x

100
90
80
70
60
50
40
30
20
10

176

212 231 2.36

Mass pull into concentrate (%)

249

——R
-G






OEBPS/images/Art_P72.jpg





OEBPS/images/Art_P55.jpg





OEBPS/images/Art_P4.jpg
maximum wavelength (nm)

3224

3204

3184 .

3164

3144

312

10 min 20 min

40 min

time of ion exchange

60 min

90 min





OEBPS/images/Art_P81.jpg
HV)in= (HHV )4y — 2.442(8.936H/100)





OEBPS/images/Art_P21.jpg
EIRHDPE/EVA

140

© 2 &
888

IS
o o 35

DRHDPE/EVA/PE-G-MAH  EIRHDPE/EVA/CL-MAH

Percentage Mass Swell (%)
o
3]

80/20

60/40 40/60
Blend Composition (wt%)

20/80






OEBPS/images/Art_P77.jpg
i=3
8
o
2

40.00

Extraction temperature (°C)

37.50

1500 3500





OEBPS/images/Art_P64.jpg
m,—m
Moisture content (%) = MXIOO (1)

m,





OEBPS/images/Art_P51.jpg
O D@M

NH,
Chitosan (Pc\ymer matrix)

Phthalic anhydride
(Crosslinking agent)

NH 4"CH,CO0 ° NH,'CH,CO0

Acetic acid (Solvent)

H CHy( coo NH,CH,CO0

" OO

Hydrolysis products of intermediate imide

NH,*CH,C00 NH,'CH,CO0'

—
Amide bond ™
nH,0

Ny CHyc00 | NH,'CH,C00

Phthalic anhydride crosslinked chitosan biofilms






OEBPS/images/Art_P17.jpg
—ECHz—CHzﬂ— + —ECH:—CH:]—ECH:—CH} + H4C. 4
n {L m \[ \

RHDPE L
HC” \\ 4

EVA PEgMAH

Temperare: 100°C

Rotor Spee:

1L 1 ul
CHy—CHy—-CH,—CH—-CH—oH
_E 1T i Lote—org
o
Lo
o= \o/ PE
“RHDPE
HC

.





OEBPS/images/Art_P47.jpg
2286 2

Tensile Strength (MPa)
i
weaBR

o

@ Uncrosslinked CS/EBF
&Crosslinked CS/EFB with PA

I

Ly

Neat CS

10

20 30 40
EFB Content (wt %)





OEBPS/images/Art_P34.jpg
200 20 200 350 a00 " don 00 00 000 11
Wavelength [nm] Wavelength [nm]





OEBPS/images/Art_P49.jpg
<
&
2
g e
& e 2
?
4]
-1
2 ”
Z 4]
S N\
e b
I A\ 3
S 8 8 8 £ 2 8 g o
E 2 8 8 &8 8 8 &
§F & 2 48 2 =
(edIN) Anonsely o snnpoj

EFB Content (wt %)






OEBPS/images/Art_P79.jpg
Fixed carbon (mf wt'

100—- (VM + AC)





OEBPS/images/Art_P66.jpg
()






OEBPS/images/Art_P83.jpg
Ogunjobi and Eiwebal®

i 2% " Lajinde®
Analysis T‘“f, Demirbas®  Medic et al.** -
study White  Yellow
comcob  comcob
Lignocellulose
](:““1“; 45.88%  52.0 Wi 45.2% 33.57 33.10% %"
Sce 304% 325 wi%® 38.3% wa wa 5
ulose . A
1132% 15,5 wios! 10.3% 1832%  13.40% 19.69%
Lignin
pH 544 = = 5.70 5.50 =
Heating values (MJ kg™)
HHV 1646 - 19.28 16.54 16.15 -

LHV 15.03 = = = = =






OEBPS/images/Art_P6.jpg





OEBPS/images/Art_P70.jpg
R





OEBPS/images/Art_P15.jpg
(%) Mass swell M)

w,

100 0





OEBPS/images/Art_P23.jpg
S

18Ky

/EVAS0/CL-MAH





OEBPS/images/Art_P41.jpg
Log of Intensity {counts)

e

N

w

o

°

Attenuation pattern for building blocks

10 15 20 25 30
Thickness (cm)

35





OEBPS/images/Art_P9.jpg
~» A4~n030n0n

= o=

60

50

40

30

20

10

-———a
A ————

200 250 300 350 400

SETX Dosage (g/ton)

——C1l
—-—C2
—4—C3

—+—TX10






OEBPS/images/Art_P58.jpg
R i A





OEBPS/images/Art_P84.jpg
Q=337C+ 1442 (H- O/8) + 93S





OEBPS/images/Art_P33.jpg
(noy) ABiou3






OEBPS/images/Art_P68.jpg
Y, oil yield (%)
No. X, (min) X (W) X (°C) X (mlg)

Experimental  Predicted
1 20 190 35 20 52.79 52.67
2 20 210 45 15 54.84 54.91
3 20 210 40 20 56.24 56.01
4 15 190 40 20 53.45 53.43
5 25 210 35 20 53.87 53.83
6 20 230 40 25 54.88 54.90
i 25 210 40 25 54.56 54.52
8 15 210 40 15 52.93 52.92
9 25 190 40 20 54.12 54.28
10 20 190 40 25 53.82 53.94
11 20 210 35 15 52.08 52.18
12 20 190 40 15 53.67 53.71
13 15 210 40 25 54.52 54.60
14 20 230 35 20 53.25 5337
15 25 210 45 20 54.89 54.93
16 15 230 40 20 54.03 53.87
17 20 210 35 25 54.16 54.08

18 25 210 40 15 54.77 54 64





OEBPS/images/Art_P76.jpg
(Yo)

Qil yleld (*

56.0685
55.4424
548163

2500

2250

2000
LIS ratio (mi/g)

1500 190,00

210.00

Uttrasonic pover (W)





OEBPS/images/Art_P25.jpg
08 06 04 02 04 06

02 0
Potential / V





OEBPS/images/Art_P56.jpg
N c=c)

om0 e AW m0 Mo X0 B0l Lw Do 0w %0 60 a6





OEBPS/images/Art_P2.jpg
@





OEBPS/images/Art_P13.jpg
o < o

86
84
82
80
78
76
74
72

11.29

11.44 1165 1186

Concentrate grade (%)

1395





OEBPS/images/Art_P80.jpg
Oxygen (mf wt%) =100 - (C + H+- N+ S)






OEBPS/images/Art_P86.jpg
=0

Weight loss, 7o

40

20

-0.02

-0.04

-0.06

- -0.08

401

1012

-0.14
0 100 200 300 400 500 600 700 800 900 1000
—TG- curve
-DTG- ctrve
o mun.

Temperature,"C

~ AW Tingfmy o]





OEBPS/images/Art_P43.jpg
Log of Intensity (counts)

ol

IS

w

i

Attenuation pattern for Iron

4 6 8 10 b %2
Thickness (cm)

14

16

18





OEBPS/images/Art_P27.jpg
08 08 04

02 0 02 04 06
Potential / V





OEBPS/images/Art_P61.jpg
R R 16 s

v o

mactertal ctralne





OEBPS/images/Art_P74.jpg
QOil yield (%)

534174
524958

4500

40,00

4250
2250
2000

25.00

et emperatr () 3760~ 17
720 Exgraction time (min)

1500





OEBPS/images/Art_P31.jpg
B

syunoy

700
.
w00





OEBPS/images/Art_P37.jpg





OEBPS/images/Art_P5.jpg
003

:

:
£
z
2

0024 ==

001 T T
10min 20 min 40 min 60 min 90 min

Time of ion exchange





OEBPS/images/Art_P54.jpg
(a) \ (b) & '

R - -

3

R o B v ot

[t 5
P A o e o | Bt
1okU  X1,000  1Bum 9 31 SEI 18KV X1,800






OEBPS/images/Art_P71.jpg
R pred





OEBPS/images/Art_P63.jpg





OEBPS/images/Art_P3.jpg
240

260

280

320 340 360

‘Wavelength (nm)

380





OEBPS/images/Art_P20.jpg
SRHDPE/EVA  ERHDPE/EVA/PE-g-MAH  EIRHDPE/EVA/CL-MAH

250

N
g 8 8 8

Modulus of Elasticity (MPa)
o

80/20 60/40 40/60
Blend Composition (wt%)

20/80






OEBPS/images/Art_P11.jpg
n ¥
e <onn

< -

88
36
84
82
80
78
76
14
72

200"

250"

300"

SETX dosages (g/t)

350"

400"






OEBPS/images/Art_P29.jpg
Abs

029

019

0.09

CuSe.

o

0.01 ==

500

700 900
Wavelength [nm]

1100}

%T

120
100
80
60

40
20

300

500

700 900
Wavelength [nm]

1100






OEBPS/images/Art_P89.jpg
Mn
0.00147 %

Co
0.00035 %

cr
0.00154 %

In
0.00213 %

T Feo AN
PR 0.0321 9% SRR

Sample
vE"






OEBPS/images/Art_P46.jpg
%GE =L x 100

w_





OEBPS/images/Art_P7.jpg
Intensity

(O

E i (40 mirm

H (bentaites
T L "."e" b by

b
'
'

1

1
I
i
i

E

10

30 40 3o 60 70

20 (degrees)








OEBPS/images/Art_P82.jpg
Trninié et al.**

sualyge | Thisstudy Demirbas®  Denival et al i)
7 (mf wt%)  (wt%)* (Wt%)" Hawaiian Serbian
comeob SO
cob

Proximate analysis
Moisture
content 7.14 e 7.36 = = 117
Ash content 1.05 L1 1.49 2.6 15 2.9
Volatile Matter  §7.76 84.6° 79.58 79.6 81.1 69.5
Fixed Carbon 11.19 15.4° 1157 178 175 159
Elemental analysis
Carbon 43.81 49.0 4932 470 476 4812
Hydrogen 6.54 5.6 535 6.4 63 6.48
Nitrogen 0.77 0.5 0.63 0.5 0.6 1.89
Sulfur 0.69 - = 0.1 02 -

Oxygen 48.19 438 44.70 434 43.9 43.51







OEBPS/images/Art_P22.jpg





OEBPS/images/Art_P68a.jpg
19
20
21
22
23
24
25
26
27
28
29

20
20
20
20

20
20
20
20

230
230
210
210
190
210
210
210
210
230
210

40
45
40
45
45
45
40
40
40
40

20
20
20
25
20
20
20
20
20

20

54.65
54.61
5559
54.69
54.75
54.53
56.02
55.93
56.28
53.63
52.48

54.66
54.69
56.01
54.58
54.58
54.62
56.01
56.01
56.01
53.56
52.50






OEBPS/images/Art_P52.jpg
»

@2

=

s

2

o

— NeatCS
(5] — Uncrosslinked CS/EFB (80:20)
o — Crosslinked CS/EFB (80:20)
0 100 150 200

‘Temperature (°C)

250





OEBPS/images/Art_P65.jpg
¥ =221 100% @)





OEBPS/images/Art_P78.jpg
Optimum conditions Y. Oil yield (%)

Error (%)
Run X, (min) X;(W) X3(°C) X4 (mlg-1) Experimental Predicted
1 21 210 42 21 55.13 56.20 1.90
2 21 210 42 21 56.41 56.20 037
3 21 210 42 21 54.09 56.20 3.75
4 21 210 42 21 55.68 56.20 0.93
5 21 210 42 21 56.03 56.20 0.30






OEBPS/images/Art_P48.jpg
©

2 0 O N

Elongation at Break (%)
o

S =

m Uncrosslinked CS/EFB ‘
B Crosslinked CS/EFB with PA|

Neat CS

10 20 30
EFB Content (wt %)






OEBPS/images/Art_P35.jpg





OEBPS/images/Art_P18.jpg
ITs
..

caprzam
\*i*/\macmrvunne
‘ o
Iy
C\OH
i
N~ \O/E
[S——"
o
(-
repPE, i j

M~ \O/H





