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The present work reports the seasonal variation in the proximate analysis and minerals composition of different parts of
Capparis spinosa harvested in two different seasons (April and September) from the Cholistan desert of Pakistan. Maximum
crude protein, true protein and non-nitrogenous protein were found in fruits of C. spinosa in September followed by April.
Conversely, the least neutral detergent fiber and acid detergent fiber were also found in fruits in both the seasons. Moreover,
the flowers exhibited maximum ash contents in the present investigation. The fruits were also found to be rich in Ca, K, Na,
Zn, Cu, Mn and Fe contents. The fruits and flowers were statistically at par or following each other in case of minerals
composition. Non considerable contents of heavy metals (Ni, Cd and Co) were found in any part of C. spinosa. The results of
this investigation support the selection and harvesting of this species at an appropriate season to avail maximum nutritional

benefits beneficial for both human beings and livestock.
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INTRODUCTION

Caper (Capparis spinosa) is an aromatic and medicinal
shrub belonging to family Capparaceac (Capparidaceae)
which consists of 39 genera and 650 species, wildly present
in warm and dry tropical regions of the world. By origin,
these species are native to Mediterranean Sea region but can
also be found in other parts of the world including the
deserts and dry regions of Afghanistan, India, Indonesia,
Nepal, Pakistan, North Africa, South West Asia, Australia
and South Europe up to an elevation of 1100 m (Hansen,
1991; Jiang et al., 2007).

Caper plant has been used in folk medicine from ancient
times due to their strong antioxidant properties, and high
phenolics and flavonoid contents (Yadav ef al., 1997; Zuo et
al., 2002; Duman et al., 2013; Zuo, 2014). It has been used
to cure diseases such as gastrointestinal infection, diarrhea
and rheumatism. Besides its medicinal attributes, caper plant
also has a lot of nutritional importance. Young shoots,
flower buds and fruits are used as human diet. Moreover,
flower buds are also preserved in brine to make pickle, in
pasta, pizza, salad and meat dishes (Ogut and Er, 2010).

The caper plants are well known for its nutritional quality
being rich in minerals. The minerals play different roles than
other vital nutrients like proteins, fats, carbohydrates and
vitamins. The main function of the minerals are to combine
with protein for bone formation and strengthening, smooth
circulation of blood and oxygen, enzymes activation and
physiological functions in both livestock and human bodies.
Some minerals are helpful for the transmutation of nerve
impulse while a few are important for enzymes and carry

oxygen (Soetan et al., 2010). Beside mineral composition,
the caper plants have also been reported as livestock fodder
due to its promising proximate values (Ozcan, 2005). The
caper plants are rich in crude protein and crude fat contents
with lower values of neutral detergent and acid detergent
fiber (Haciseferogullari et al., 2011).The variation in mineral
and other nutrients might be attributed to diversity in soil,
climate and seasons.

In Pakistan, C. spinosa and C. decidua give fruits twice in a
year i.e., in April and September. In both of these seasons
the humidity varies because April is a bit dry season with
less rainfall while September receives more rainfall. The
researchers have reported that the mineral composition in
plants vary according to temperature and rainfall (Nouman
et al., 2013). Jumba et al (1996) and Minson (1990)
reported lower phosphorous contents in the summer with
higher light intensity and temperature with low rainfall while
in rainy season with high temperature, the plants were found
rich in minerals including calcium and potassium. Likewise,
Ramirez et al. (2001) and Cerrillo-Soto et al. (2004)
reported that plant species exhibited higher mineral
contents in hot and wet seasons rather than spring and dry
ones.

Although C. spinosa is considered as a food and medicinal
plant due to its nutrients however previously no data
regarding to minerals and proximate composition of C.
spinosa indigenous to Pakistan in relation to different
seasons is lacking therefore, present study was conducted to
evaluate and compare the mineral profile and proximate
analysis of different parts of C. spinosa grown in Cholistan
Desert of Pakistan collected in two different seasons.
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MATERIALS AND METHODS

Sample collection: Five different plants of C. spinosa were
selected and tagged in Cholistan desert of Punjab, Pakistan.
The samples of stem bark, shoot, flower, root and fruit of
each of the plants were collected in two seasons i.e., April
and September, 2012. The samples were further identified
and authenticated by Dr. Mansoor Hameed, Taxonomist,
Department of Botany, University of Agriculture, Faisalabad,
Pakistan. The average temperature and humidity were
recorded in both sampling seasons. Average temperature,
dew point and relative humidity recorded in April and
September were 27°C, 16°C, 47% and 35°C, 22°C, 78%,
respectively.

Pretreatment of sample: The collected samples were
washed with distilled water and dried at room temperature
under shade until complete dryness achieved. The samples
were grinded to fine powder of 80 mesh size and saved in air
tight bags for further analyses.

Proximate analysis: The proximate analysis of collected
parts of C. spinosa was carried out in the laboratory of
Institute of Animal Nutrition, University of Agriculture,
Faisalabad. The methods of the Association of Official
Analytical Chemists (AOAC, 1990) were used to determine
dry matter (DM), moisture, crude protein (CP), true protein
(TP), non-nitrogenous protein (NPN), crude fat, crude fiber,
neutral detergent fiber (NDF) and acid detergent fiber (ADF)
contents. All the proximate values were expressed in
percentage (%).

Each of C. spinosa samples (5 g) was used in triplicate for
determination of moisture content by weighing in crucible
and drying in oven at 105°C, until a constant weight
obtained. Ash contents were determined by burning the
samples at 550°C for 3 h (AOAC, 1990). CP and TP
contents were found by nitrogen digestion, distillation and
quantification through micro Kjeldhal method (AOAC,
1990). CF was estimated by digesting the samples with
1.25% (w/v) H2SOs and 1.25% (w/v) NaOH solution
(AOAC, 2000a). Crude fat was determined by soxhlet
extraction method (AOAC, 1990). ADF and NDF contents
were also determined by following the devised protocols of
(AOAC, 2000b and Van Soest et al., 1991). NPN was
calculated by subtracting TP from CP contents. Digestible
dry matter (DDM) was calculated by following formula:
Sample digestion and minerals quantification: The samples
were digested by dissolving 1 g of sample in concentrated
nitric acid and perchloric acid (2:1 v/v) at 250°C. The
digested samples (1-2 mL) were then diluted with distilled
water to make 100 mL volume and preserved for minerals
estimation (AOAC, 1990). The flame photometer (Jenway
PEP-7) was used to analyze K and Na contents in the
prepared samples by using the respective filters (Chapman
and Pratt, 1961). The other minerals and heavy metals i.e.,
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Ca, Zn, Mn, Cu, Fe, Cd, Co and Ni were estimated by using
an Atomic Absorption Spectrophotometer (Model: Z-8200).
Statistical analysis: Completely Randomized Design (CRD)
with two factor factorial was wused in the present
investigation. The data was computed and analyzed by using
MSTAT-C Program software (MSTAT, 1989). LSD test at
5% level of probability was used to determine the
differences among mean values (Steel ef al., 1997).

RESULTS AND DISCUSSION

Proximate analysis: Results for proximate analysis are
given in Tables 1-4. The moisture contents of different parts
of C. spinosa harvested in both seasons ranged between
10.84-84.67% showing significant difference (p<0.05).
Maximum moisture contents were recorded in fruits
(84.67%) in September followed by flowers, shoots, roots
and stem bark (69.84, 35.16, 25.98, 16.77, respectively) of
the same season. Similar trend was also found in April
samples however, contents were lower than earlier season.
The moisture contents of fruit of C. spinosa were higher than
C. decidua as reported in previous studies (Amna et al.,
2013).

The tested samples contained higher dry matter (DM) in
stem bark (89.16%) harvested in April followed by root,
shoot, flower and fruit. The same sequence was also
observed in all parts of the tested specie in September. The
least dry matter was recorded in fruits in both seasons i.e.,
April and September (17.39 and 15.33%, respectively). It
was observed that maximum DDM was found in fruits and
flowers in September (77.73 and 76.44%, respectively)
followed by the same parts in April (73.32 and 70.20%,
respectively) while least DDM was recorded in stem bark
(41.12, 35.41%) of both months.

The protein contents were statistically different (p<0.05) in
all parts of C. spinosa harvested in both seasons. Maximum
crude protein (CP), true protein (TP) and non-nitrogenous
protein (NPN) were found in fruits in the month of
September (44.70, 18.13 and 26.73%, respectively).
However, level of CP, TP and NPN contents decrease in
following order, fruit > flower > root > shoot> stem bark.
Similar trend was also found in all parts of C. spinosa
collected in April but the values were less than September
samples. Minimum CP, TP and NPN were present in stem
bark (12.28, 7.64 and 4.65%, respectively) in April. Caper
fruits exhibited a good amount of protein contents in both
seasons which greater than C. decidua as reported in
previous studies (Amna et al.,2013). Higher CP contents
value also reported in caper ripened fruits (Ozcan et al,
2008). Due to its higher CP contents, the fruits (caper berries)
are used as pickle in Afghanistan, Pakistan and North
Western India (Ozcan, 2005). Moreover, the caper plants are
also palatable for livestock being rich in protein
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contents. The livestock animals utilize protein for
maintaining growth and reproduction metabolism. Its
deficiency leads to reduced appetite, low feed intake and
meager food efficiency resulting in poor growth and
development (Holechek ef al., 1998). During dry season, the
protein rich forage is less available for livestock which
hinder the growth and development of livestock, so in these
days caper plants can be utilized as livestock fodder being a
good source of protein. These protein contents are also
comparable with some other forage and food plants like
Moringa oleifera (Nouman et al., 2012; Nouman et al.,
2013).

The fiber contents including crude fiber (CF), neutral
detergent fiber (NDF) and acid detergent fiber (ADF) were
found significantly different in different parts harvested in
both seasons (p<0.05). Maximum crude fiber was present in
roots (36.04%) in April followed by shoot, flower, stem bark
and fruit (32.19, 24.60, 23.57 and 21.99%, respectively).
Moreover, the value of crude fiber for April samples was
higher than September samples. Maximum NDF and ADF
contents were recorded in stem bark in April (81.67 and
68.67%, respectively), while least were found in fruits in
September (21.33 and 14.33%, respectively). Temperature
might affect NDF and ADF contents in combination with
plant maturity, soil condition etc. (van Soest ef al., 1991). In
the present study, it was found that NDF and ADF contents
were higher in April when the temperature was
comparatively higher and non-humid than September.
Results showed that crude fiber contents were found within
the range of recommended livestock forage value i.e., 31.6%
(Kafeel et al., 2013). The forage which is higher in CP
contents and exhibited less NDF and ADF contents can be
well used for livestock fodder purposes (Yu et al., 2004).
The higher NDF and ADF contents in forages are negatively
correlated with CP contents as evident in the present
investigation.

Results for crude fat (CF) content are given in Table 4.
Results showed that maximum CF (7.33%) was observed for
fruit collected in April, however, other parts showed vary
small amounts. The ash contents in all studied parts of C.
spinosa showed significant differences (p<0.05). Maximum
ash contents were observed in flowers in April (11.80%)
followed by shoot, fruit, root and stem bark in the same
month (10.93, 6.91, 6.76, 6.50%, respectively). Similar trend
was recorded in all parts of investigated species in
September but lower in value than April samples. The ash
contents were higher than the findings of Haq ef al. (2011)
and Chinedu ef al. (2011) who analyzed caper samples from
Pakistan and Nigeria, respectively.

Mineral profile: The mineral contents (mg kg! DW) were
analyzed in different parts of C. spinosa harvested in two
different seasons are depicted in Table 5-7. Calcium (Ca)
contents of different parts of C. spinosa were statistically
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different from each other in both sampling seasons i.e., April
and September. Maximum Ca contents (842.22 mg kg™')
were found in fruits of C. spinosa in September which was
statistically at par with fruits (809.86 mg kg') in April
followed by flower > shoot > root > stem bark. However, the
values of Ca contents in all parts of April samples were
lower than September. Calcium (Ca) is a macro element and
essential for strengthening of bones and teeth in human
beings and reproductive ability in livestock animals (Khan et
al., 2004). Although, Ca contents in C. spinosa are less than
rangeland grasses which are used for livestock, however in
those seasons when no other forage is available, the
livestock animals can fulfill their requirements from Cappris
plants (Khan et al, 2006). It can be observed from the
results of the present study that C. spinosa fruits are major
sources of Ca however, its level is lesser as compared to
previous findings (55 mg kg™') (Dahot, 1993). Ca contents
found in the present study were also found higher than
previously reported i.e., 400 mg kg!. Such variation might
be in due part to different climatic zones, sampling sites and
available soil chemical composition.

The high amount of Potassium (K) and Sodium (Na)
contents were determined in fruits (5817.60, 1228.33 mg kg
I, respectively) in April followed by flowers, root, shoot and
stem bark. Similar tendency for these both minerals was
observed in September samples but the values were
statistically lower than April. The lowest K, Na contents
were recorded in stem bark in September (2341.00, 118.33
mg kg'!, respectively) (Table 5). The data depicted in Table.
5 manifested that among minerals, K was found at maximum
level ranging between 2373.00 to 5817.60 mg kg!. These
findings are in line with other studies about the presence of
mineral contents in different medicinal plants (Badri and
Hamed, 2000; Ozcan and Akbulut, 2007). For example, C.
ovata may provide K contents ranging from 4057.1 to
41267.4 mg kg! while another researcher reported 1.27% K
contents in C. ovata while Albezzial ebbeck, Zizyphus
mauritiana and Morus alba provided substantial K contents
(0.96, 0.56 and 0.09%, respectively) (Ogut and Er, 2010;
Ghazanfar et al, 2011). K plays an important role in
cardiovascular system in combination with Na contents. K
and Na are interconnected with each other for a smooth
blood flow but if Na concentration in the blood goes higher,
it will reduce K concentration that may cause high blood
pressure (Gailerr et al, 2000). C. spinosa fruits (caper
berries) which are used as pickle are rich sources of K but
beside this, they also provide less Na contents to the
consumers i.e., 263 mg kg™

The fruits of C. spinosa exhibited maximum Zn contents in
September (136.45 mg kg™') which were statistically at par
with fruits (128.02 mg kg') in April. Minimum Zn was
present in stem bark of both seasons (17.60 and 13.46 mg
kg!, respectively). Cattle and sheep can accept Zn



1S spinosa

Seasonal effects on Cappar

suonearpdar aary) wory payndwod a1a M vIR @ 1AGI0 YR Woa) (G070 >d) 1uaragyip A[[RonISIIRIS 010 SI101}0] JUALAJIP SUI MO YS SURY

VEO0FT97'] qoS0FLLE T VIL0FL€970 ALy 0FT61°0 ues §
qar9 079711 Y0L0709T1 0PI 0Fs6¢ 1 TE0F00760 EIL0FETID 48 LO0F6PT 0 SIaMory
VHe0F8Le € LISO0FIYCY FLO0FC6SY FIO0F6S67 0 qe €T 0F8LY 0 48 LO0FSISO 100y
D000F000°0 PT8OF0000 PO0T0OF000°0 TO00FT97¢0 qe 97 098170 4t 0079610 100§
D000F000°0 PO00F000°0 PO00F0000 00°0F960¢°0 4t pE 076100 40070507070 g
VII0FTIs € QIy0F8TH € G L00FS6t € 00°0F108¢0 G 007070000 G00°0%000°0 yie g wolg

[TENT nquadag 1idy ued | nquadag nidy
PYIIN neqo)

VEO0FLr0 qa500 0770170 qL88¢76( 88T VoL 1€768 T0¢ ues N
D90 0FLTO 260°0F1€°0 APEO00FSTIN V9L 0TF6070€ B8 80700 0€€ BLOTTFO0SES SIaMo[y
Vr0 050 6007960 J2ET00708L°0 VL6 8TFL9967 ELOTTFOTBEH IR EITEA 100y
g 10 0%LE0 460051170 FP000%00T°0 D EE60FE8 S YOPLIFOr HL YPPS0FIT 9L 100§
aeoosyro $p S0 0FTI10 Jap 010 0%0€0°0 g ot 8IFPI¥ST 2 06 TTFEY 98T GI0LEFIP TOT nny
a0 0xero P 700070 FE000FTS0°0 DOL90FCTLTI 3 6E80F16 701 3G GL0T1F9¢E 601 e g wag

uey | nquaydag [dy ued | 1quadag nrdy

wnpuwpe) A spredoueg
osourds ) jo spred ywaraprp Swowe (T Fw) sjuajuod [ejow KAvay ul wonpelreA [vuoseag L Aqu]
suorpeordar oary) woly payndwod 1o M B Q IIYHO Yord WolJ (G0 0 > ) Juarajip AJ[eonISIIRIS 21T SIA)A[ JUAIJIP ?;oimﬁi N
VI8TFr007 LA A Vo0 1768 ¢1 ge8 rset el Vol €59L°8¢ gLEEF8E TS ued |
qy ecesiL el VEPFTFICE VI0°TFI8E ay eriseL 9l EETIFOS ML EETTFIET D6 TF99¢¢ D0 PF60°LE PPLTPFTITO0E S1a Mo7y
Qo1 13901 Greeses | DE60FLY ] VIO 0FI8 61 e 860770 TL Pt 867 0FIP LI (AR A AP L0 TFITST APy G TFY9761 100y
Vreoslogl o6 PFI09 3P 139¢9 D 8I0FEL6 APIFT0F6EY FYU0FLOS qTeeF06 €L P8 vFerLL GeLex9s 0L 100yg
VoS 177891 PLOTFITS DHF0FTH € D4 1€ 0781771 APIGTE0F9T ] 8y g6 VEL8Fer el EOp0IFSH 9¢1 EIITIFTO8TI noryg
DJE9T#p9°¢ 20 7860FE0¢ VI0FPLS 4T 0Fsr vl e gy 0FI8 ¢l Jop Sy 0FLE01 CrerFee el 6T IF09LI 2T IFINEL e g woyg

ued Tquaydag nrdy ned W rquaydag [dy ued | quydyg rdy
1ddo) dsauegue || yur g sylegiueld
DSOUIds ) JO S)ICd JUIIQJJTp SUOWE (_5Y 5 W) SJuaju0) [EIa Ul W 0I9] W U WO E[ICA [LUOSEIS 9 A[GE [
suorpeordar oary) woly payndwod ard M Bl Q I9YI0 Yord WoIJ (G0 0 > ) IuasdjyIp A[[ROIISIIRIS A SIAJA[ JUAIIJIP SUI MOYS SUBD |
g TesL 0¢t Vir §1sesor qe0 81 TFviHt VoLIIFPSTlor VEOTTF98° 067 VoI SIFCLp6Y uea |y
VILTIFOS LTG 9T 963971701 R H0TIFCTI01 VUToIF9L6L9 0 9 ETIFITYC 9 98C6TF08ELS JLUTTFLO 06T  qBE609F8L LOL QE91e79¢T0Y S19 M0Ty
Q6861706 L8P  PIGOOPTFLICH 3G ELTTFeLLe g1 60TFICITS D ECSHTTFOSH QO TEIFITI0Y D90 60F¢S LI P96 LFRLLIT PoSSIFeeesl 100y
CyLTIFLIPET  2PY TV TIFE8LT  2PY RO LIFOCOE T yglIFeesst Pot volFrobe POy 9OETIFI0ELE g Eo TEFTPEIC Q8T I9FTTT0Y YETTEFIO8TE 10014§
QY ILEIFLT 8T Q91 pTIFL 90T EIpeEFE8TTl DA UITIF06987 9 60°9T1FLTLS EOERIFILISS VOB LIFITYIL BOSLSFTL TIPS B TOS01F98°608 noryg
JETCLIFLYT6E PO IETTFEII PHIRIFE0061 JTI0TFLCEOY POISPIFINET PT9RIFOELET Y LOoITFO00TS PLYOEFTL 6ST POSTO0FLIPST e g weig
ued | 13 quaydag nrdy ued | nquadag ady ey | 1quadag [rdy OEEE
Wnpog WNISSE) 0 g wnre ) jueld

rsourds ) jo gredyualarp suowe (| 5y 5 W) ) U U0 [EIIUTW-00IE W UL WO CLIEA [EUOSEIG ¢ A[qe]



Gull, Sultana, Bhatti & Jamil

Table 8. Correlation matrix among crude protein (CP), acid detergent fiber (ADF), ash, crude fiber (CF), digestible
dry matter (DDM) and neutral detergent fiber (NDF) contents on different part of C. spinosa.

ADF Ash CF DDM NDF
Ash -0.3143
CF 0.1868 0.2158
DDM -1.0000 0.3143 -0.1868
NDF 0.9489 -0.2147 0.4769 -0.9489
CpP -0.7302 -0.2729 -0.2684 0.7302 -0.7653

level upto 500 and 300 mg kg, respectively while the
human requirements for Zn decrease with the increase in age
(NRC, 1984). In human beings, Zn plays a main role in the
immune system, affecting a number of aspects of cellular
immunity and as coenzyme for more than 200 enzymes
(Stephanie, 2010). Its deficiency in human beings results in
retarded growth, delayed sexual maturity, diarrhea and
unbalanced appetite (Johnson et al., 1993). The Zn contents
in different parts of C. spinosa differ in its quantity in
different seasons. No previous data is available regarding Zn
contents in C. spinosa but it can be compared to other
species of the same genus. It has been reported that C. ovata
exhibited Zn contents ranging between 2.3 to 38.7 mg kg! in
different parts. This difference might be due to soil
conditions, water source, genetic variation and ecological
zones/climatic factors (Ozcan et al., 2008). This is important
to understand that FAO and WHO proposed Zn uptake limit
for edible plants at 27.4 mg kg which is below than Zn
occurrence in these medicinal plants but still World Health
Organization did not set any Zn limit for medicinal plants
(WHO, 2005; Ghani ef al., 2012). The proposed range limit
for agricultural products is 15-200 mg kg!'. Cereals, pulses
and legumes provide 25-50 mg kg' Zn contents while
polished rice has 10-25 mg kg! and fish contain even less
than 10 mg kg' Zn contents (Allaway, 1968; Sandstorm,
1989).

As the variation of manganese (Mn) contents is concerned,
the flowers in September exhibited highest level of Mn
(24.89 mg kg™!) followed by roots, stem bark, fruit and shoot
(22.22, 13.51, 11.26, 6.59 mgkg'!, respectively). Same
sequence of Mn contents was depicted by April samples.
The overdose of Mn may have an adverse effect on central
nervous system (CNS) function and mood of the human
beings (Tan et al, 2006). So, its lower amount in an
adequate way let it to perform its function in order. In edible
plants, the permissible limit for Mn is 2 mg kg! but it has
not yet been established for medicinal plants (Ogut and Er,
2010). Some medicinal plants have been reported with Mn
contents ranging from 44.6 to 339 mg kg (Sheded et al.,
2000).

The average copper (Cu) contents were maximally found in
shoot (6.36 mg kg!) in April.Cu contents in C. spinosa
ranged 1.87 to 6.36 mg kg™! in April and 1.83 to 6.06 mg kg"
lin September however, their edible parts contained very less
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amount of Cu. Cu contents are important for maintaining
human body health especially regulating Fe utilization in
liver (Swenson, 1985). FAO has decided the Cu limit for
edible plants as mg kg while for agricultural product, Cu
contents limit was suggested between 4 to 15 mg kg! (WHO,
2005; Tan et al., 2006; Manzoor et al., 2012).

In case of iron (Fe), maximum contents were recorded in
flowers and roots in September (535.09, 463.33 mg kg'!,
respectively) followed by fruits in April (292.46 mg kg™).
The least amount of Fe was present in shoot of both seasons
(74.49, 76.21 mg kg, respectively) (Table 7). Children
between the age 4-6 and 7-10 years require 0.23 and 0.32 mg
day™! Fe for their body growth and metabolic functions while
male and female adults require 0.60 and 0.35 mg day™!. The
present investigation manifested that edible parts of caper
which are edible parts for human beings have 292.46 and
286.43 mg kg! Fe contents in April and September,
respectively. Moreover, NRC suggested the Fe tolerable
level for cattle at 1000 mg kg' but WHO did not yet
establish any limit for Fe uptake and absorption for
medicinal plants (WHO, 2005; Tan et al.,, 2006). It can be
found between 261 to 1239 mg kg' in many Egyptian
medicinal plants.

Trace metals i.e., Ni, Co and Cd were very low in amount in
all parts of C. spinosa which could be an advantage for the
food products. In present investigation, the edible parts of C.
spinosa showed < 1mg kg!' Cd, Co and Ni contents which
are less than the limits suggested by WHO for medicinal
plants (WHO, 2005)

Conclusion: The fruits and flowers of C. spinosa exhibited
appreciable levels of minerals and other nutrients in both
seasons especially in September. Being edible parts for
human beings, the flowers and fruits of this species can be
used as a potential source for dietary minerals intake. The
presence of heavy metals was noted to be in low quantities
than the alarming level and thus an advantage from food or
fodder view point. It can be concluded that consumption of
this species for both human beings and livestock can provide
appreciable amounts essential nutrients including minerals
for their metabolic functions.
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