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Abstract

It is important to look at the physicochemical qualities of Portulaca, a weed species used as a vegetable and a herb for medical
and therapeutic purposes. India has a wide range of variations in this species' morphology and nutraceutical value. This study
aimed to evaluate the physicochemical properties of various purslane accessions from different regions of Tamil Nadu. A total
of 15 purslane accessions (PA 1, PA 2, PA 3, PA 4, PA5, PA 6, PA7, PA 8, PA 9, PA 10, PA 11, PA 12, PA 13, PA 14 and PA
15) were collected and evaluated. Physical traits like colour of the leaves and stems were quantified as hue angle and chroma
value, which showed a degree of variation. Estimates suggested that phytochemical properties related the hue and chroma of
leaf and stem to the pigments in plants. Among the accessions, PA 3 has recorded the highest phytochemical properties viz.,
leaf total chlorophyll content 1.43+0.16 mg g™, leaf total carotenoid content 0.24+0.03 mg g™, stem total chlorophyll content
0.49+0.05 mg g, stem total carotenoid content 0.12+0.01 mg g™' and total anthocyanin content 19.25+1.54 ug g™'. The multiple
regression model suggested that the values can predict the estimated values. The evaluation of physicochemical properties
along with the regression model helps in the breeding programme to select the traits; phytochemical analysis proved the ample
supply of chlorophylls, carotenoids and anthocyanins, so these wild species could be a cheap source to alleviate several dis-
eases.
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INTRODUCTION healthier plants contain more chlorophyll (Kurniawan et

al., 2021).Cardiovascular disease (CVD) affects every-

The plant, purslane, or Portulaca oleracea Linnaeus,
(Portulacaceae family), is an essential part of the hu-
man diet, primarily found in tropical and subtropical
areas. Purslane is one of the most popular medicinal
herbs, according to the World Health Organization
(WHO), and is known as a "Global Panacea" (Xu et al.,
2006).Chlorophyll concentrations in frequently con-
sumed green vegetables can be up to five times higher
than in carotenoids (Giuliani et al., 2016).A green pig-
ment in leaves called chlorophyll absorbs light energy
for photosynthesis. A plant's health status may be de-
termined by the amount of chlorophyll in its leaves, and

body and is a major cause of death, regardless of age
or economic background. Many chronic diseases, in-
cluding CVD, can be prevented mainly by proper nutri-
tion. Vegetables contain antioxidants such as vitamin
C, carotenoids, and flavonoids that may reduce the
incidence of CVD(Voutilainen et al., 2006). A class of
phytochemicals called carotenoids oversees the vari-
ous hues(Rao and Rao, 2007). Colour is an important
aspect of identification and morphological differentia-
tion for evaluation studies. With numerous roles of ca-
rotenoids in photosynthesis, photoprotection, pigmenta-
tion, phytohormone production, and signalling, carote-
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noids are crucial for plants. They are also essential for
humans as dietary antioxidants and precursors to man-
ufacture vitamin A(Sun et al., 2022). Anthocyanins are
natural plant pigments that give flowers, leaves, fruits,
and some vegetables their red, blue, and purple hues
(Burton et al., 2016). A family of polyphenolic pigments
known as anthocyanins is ubiquitous throughout the
plant kingdom. Anthocyanins help plants resist a variety
of biotic and abiotic challenges in addition to aiding in
reproduction by luring pollinators and seed dispersers.
Anthocyanin metabolism is an intriguing research topic
for breeders and scientists since there is mounting evi-
dence that anthocyanins have health-promoting charac-
teristics (Liu et al., 2018). Due to the catechol, pyrogal-
lol, and methoxy groups present in their chemical struc-
ture, which confer notable scavenging, anti-apoptotic,
and anti-inflammatory activities, anthocyanins have
been the subject of numerous studies. They are already
advised as supplements to mitigate or even attenuate
certain disorders, such as diabetes, cancer, cardiovas-
cular disease, and neurological pathologies (Gongalves
et al., 2021). Despite extensive studies on the chemical
and bioactive properties of this species throughout the
world, less information is currently available on the
physicochemical characterization of this species in In-
dia. With this objective the present study was carried
out to evaluate the physicochemical traits of various
purslane accessions.

MATERIALS AND METHODS

Plant material and experimental design

The experiment was conducted in the summer (March
to May) of 2022 in Tiruchegode, Namakkal district of
Tamil Nadu. The portulaca accession sample codes
and location of sample collection are given in Table 1.
The seeds (wild and weed type) and stems (ornamental
type) were used as propagating materials of the purs-
lane and were planted in plastic pots filled with 1:1:1
ratio of sand, soil and coco peat. The experiment was
organized in a completely randomized design with three
replications.

Data collection

All the physicochemical traits (physical traits— viz., chro-
ma value and hue angle; phytochemical traits— viz.,
total chlorophyll content, total carotenoid content and
total anthocyanin content) data were collected before
flowering on tagged plants of each replicate from all the
accessions.

Colour determination

Colour measurement was done on adaxial portion of
leaf (third pair of leaf from terminal bud),top and bottom
portion of stem(1cm below the terminal bud and above
the ground respectively) by Colorimeter model - AC-

CU310 / NH310 to acquire colour values L*, a* and b*
used to calculate the colour saturation and shadiness.
According to McGuire (1992) chroma(C*) for colour
saturation and hue angle (h°) for colour shadiness (0° =
red-purple, 90° = yellow,180° = bluish-green and 270°
= blue) can be calculated from the following formulas:

C'= Eq.1

»

THETA = {%} +360
Eq. 2

If a* > Oand b* > 0, then h° = THETA

If a* < 0and b* > 0, then h° = THETA + 180

If a* < 0and b* < 0, then h° = THETA + 180

If a* > 0and b* < 0, then h° = THETA + 360

Total chlorophyll and carotenoids content

Total chlorophyll and carotenoid content were analyzed
on leaves and stem separately. The samples were ex-
tracted with 80% of acetone and absorbance were rec-
orded at 470, 645 & 663 nm with triplicates in UV-VIS
spectrophotometer model Shimadzu-UV 1800(Dabbou
et al., 2020). The readings were calculated by the pre-
viously proposed formula (Lichtenthaler, 1987) and the
values were calculated and expressed in mg g~ FW
basis.

Total anthocyanin content

Total anthocyanin content was analyzed for the whole
plant, the samples were extracted with acidified metha-
nol and absorbance were recorded at 530 and 657 nm
with acidified methanol (HCL) as a blank and cyanidin-
3-gluciside for calibration. The readings were calculat-
ed by the previously proposed formula Mancinelli et al.
(1975) and the values were plotted in the standard
curve, calculated and expressed in pug g’ DW basis.
The increase of absorbance at 530 nm was about one-
third of the absorbance at 657 nm. Therefore, the ab-
sorbance readings at 530 nm were corrected by sub-
tracting one-third of the absorbance at 657 nm.

Regression model

The regression for predicting the value of the response
variable was multiple linear regression and expressed
according to following equation

Y = bg + b1*X1 + bo*Xo+ b3*x3 +....... + by Xn Eq 3
Where Y is the response variable or dependent varia-
ble, by is an intercept, b4, b,,...b, are regression coeffi-
cients and x4, Xp,.... X, are the independent variables.

Statistical analysis

Comparisons among accessions means were tested for
significance using analysis of variance (ANOVA) and
the means were compared by Duncan multiple range
test. Pearson’s correlation coefficient was used to cor-
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Table 1. Accessions code and locations of the P. oleracea accessions used in the present study

S. No Accessions Latitude Longitude Description

1 PA 1 11.11° 78.80° Weed (Onion field)

2 PA 2 11.12° 78.82° Weed (Onion field)

3 PA 3 11.73° 78.39° Wild

4 PA 4 11.78° 78.47° Weed (Cassava field)
5 PA 5 11.75° 78.51° Weed (Cassava field)
6 PA 6 11.09° 77.47° Ornamental

7 PA 7 11.10° 77.43° Ornamental

8 PA 8 11.45° 79.68° Weed

9 PA9 11.72° 79.62° Weed

10 PA 10 11.17° 77.78° Wild

11 PA 11 10.70° 77.54° Weed (Spinach field)
12 PA 12 8.87° 77.52° Weed

13 PA 13 9.93° 78.13° Weed (Orchard)

14 PA 14 8.22° 77.56° Weed

15 PA 15 11.69° 78.94° Weed (Spinach field)

relate the parameters. In regression, t-test and F-test
were used to determine the regression coefficient's
significance and variable significance, respectively.
Throughout the experiment, 95% confidence level was
defined for significance. Studentized residuals were
used to calculate the residuals between observed and
predicted values, and Cook’s D was used to calculate
the distance. For analysis, SAS online cloud service
was used.

RESULTS AND DISCUSSION

Physical properties

The colour values of the adaxial portion of leaves are
shown in Table 2. The highest h (°-) was observed in
PA 1 followed by PA 3 (129.71°) and the lowest C* was
calculated in PA 3 (13.49) followed by PA 1 (32.98),
whereas the highest C* was found in PA 7 (52.00). The
differences could be due to the different genotypes
used, whose leaf blade colours differed from each oth-
er. The lowest chroma was observed in PA 11 (16.37),
followed by PA 10 (16.96). The results coincide with
Alam et al. (2014a), who evaluated 45 purslane acces-
sions and reported different shades of leaf colours.
Egea-Gilabert et al. (2014) reported that among 12 ac-
cessions of purslane, the hue angle ranged between
110.0° -115.5° and the chroma value ranged between
17.2 -28.5. Petropoulos et al. (2015) also observed the
hue angle and chroma values ranged from 162.59-
167.52 and 26.55-34.76, respectively, in 6 purslane
accessions. The top portion of the stem was observed.
The values are shown in Table 2. the hue angle ranged
between 116.92° in PA 5 to 36.37° in PA 14. The least
chroma was observed in PA 3 (17.07), followed by
group PA 8, 14 and 12. Accession PA 3 had beige
stems that contributed to the least chroma whereas the
grouping PA 8, 12 and 14 had red stems attributed for
the least h° and C*. The bottom portion of the stem

colour values are shown in Table 6. hue angle ranged
from 105.61° (PA 2) to 22.08 (PA 12), where the PA 2
had green shaded stems and PA 12 had red shaded
stems might be the reason for the differences. The
least chroma was observed in PA 13 (16.38) and the
highest was in PA 14 (40.15). The difference in satura-
tion was attributed to differences in accessions used.
Similar work was reported by Alam et al. (2014b), who
accessed 25 purslane samples and morphological dif-
ferences in stem colour were observed as follows: 17
accessions with red stem, 1 accession with pink stem,
1 accession with green stem, 4 accessions with green-
red stems and 2 accessions with a red-green stem.

Phytochemical properties

Total chlorophyll content, carotenoids and anthocyanin
content were estimated on leaves and stem for bridg-
ing the appearance of the samples to the pigments
present for each sample values are shown in Table 3.
They were affected by genotypes and the crop nature,
the highest total chlorophyll content for leaf (1.43mg g™
FW) and stem (0.49mg g™ FW), total carotenoid con-
tent for leaf (0.24mg g™ FW) and stem (0.12mg g™ FW)
were recorded for wild type accession PA 3. In all the
samples, the total chlorophyll content was observed to
be higher in leaves compared to stems, indicating that
the common purslanes are efficient photosynthetic
plants (Dabbou et al., 2020). Total chlorophyll content
data are similar to the previously reported work on FW
basis (Kopsell et al., 2016). A similar trend was fol-
lowed for total carotenoid content, where the higher
accumulation of carotenoids was found in leaves than
in stems. Alam et al. (2014c) detected carotenoids in
13 purslane accessions and the value ranged between
0.52 + 0.06 to 5.64 + 0.09 mg g™'. Dabbou et al. (2020)
showed that both the plant's stems and leaves contain
trace amounts of carotenoids. Carotenoids oversee
giving meals their various hues. They are acknowl-
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Studentized Residuals

PA1
PA2
PA3
PA4
PAS
PA 6
PA T
PA 8
PA 9
PA 10
PA11
PA12
PA13
PA 14
PA 15

N

=]

B |Studentized Residual| = 3. Prob < 0.0001

Cook's D
0.0 02 0.4 06
0.112 0.003
0.727 (8] 0.017
0.467 — 0.182
-0.306 0.002
0.074 0.001
0.224 0.003
0.363 1] 0.009
0.013 0.000
0.993 = | 0.026
1.1727 | — 0.195
-1.660 — 0.154
1.095  — | 0.070
0.952 m] 0.022
0.087 0.000
-2.410 _— 0.273

B Cook'sDz4/n=0267

Fig. 1. Studentized residuals and Cook’s distance for leaf total chlorophyll content

edged for being crucial in preventing human diseases
and preserving excellent health (Rao & Rao, 2007).
The total anthocyanin content was estimated for all the
purslane accessions on a dry basis for both stem and
leaves and expressed as equivalent to cyanidin-3-
glucoside (CGE). The highest CGE was calculated for
PA 3 (0.80ug g™), and the observed anthocyanin con-
tent was comparatively lower than in the previous stud-
ies. Dabbou et al. (2020) observed 1.08 + 0.49ug g™ on
leaves and 4.61 + 0.05ug g~ on stems of total anthocy-
anin content in Portulaca oleracea. These can be at-
tributable to the many accessions examined as well as
the environmental circumstances.

Correlation of phytochemical properties

The phytochemical parameter values were correlated,
data showed various degrees of correlation between
them (Table 4.). Among the phytochemical traits, all the
parameters viz., leaf chlorophyll content, stem chloro-
phyll content, leaf carotenoid content, stem carotenoid
content and total anthocyanin content showed highly
significant and positive relationship within one another
ranged between r = 0.88 to 0.99.

Regression for leaf total chlorophyll and total
carotenoids content

The intercepts and regression coefficient's value for
regression for leaf total chlorophyll (LTCHL) and total
carotenoids content (LTCC) are shown in Table 5. The
linear terms had a great significant effect for LTCHL.
The regression results presented as ANOVA in Table 6
demonstrated that the overall model and leaf chroma
showed a significant relationship for the leaf chlorophyll
pigment. The highest LTCHL observed for PA 3 (1.43
mg g”') was in agreement with predicted value (1.38
mg g') with positive studentized residual (0.467). The
predicted values for LTCHL are given in Table 11. The
studentized residuals for other accessions in (Fig. 1)
showed negative residuals for PA 2, 4, 5, 11 and 15,

indicating observed values are lower than predicted
data, whereas PA 1, 3, 6, 7, 8, 9, 10, 12, 13 and14
showed positive residuals. The large studentized resid-
uals observed (Fig. 1) for PA 15 (-2.410) indicated that
the overall model was inadequate to predict the leaf
total chlorophyll content in PA 15. The Cook’s distance
was calculated (Fig.1) as described by Cook (1977).
The highest distance was calculated for PA 15 (0.273),
the influential outliner negatively influencing LTCHL
regression. The intercepts and regression coefficient’s
value for LTCC are shown in Table 7. The linear terms
had a great significant effect on LTCC. The regression
results presented as ANOVA in Table 8 demonstrated
that the overall model and leaf chroma showed a signifi-
cant relationship for leaf carotenoid pigment. The high-
est LTCC observed for PA 3 (0.24 mg g™') is in agree-
ment with the predicted value (0.24 mg g') with nega-
tive studentized residual (-0.154). The predicted values
for LTCC are given in Table 11. The studentized residu-
als for other accessions (Fig. 2) showed negative resid-
uals for PA 2, 3, 4, 6, 7, 11 and 15, indicating observed
values are lower than predicted data, whereas PA 1, 5,
8, 9, 10, 12, 13 & 14 showed positive residuals. The
large studentized residuals observed (Fig. 2) for PA 15
(-2.073) indicated that PA 15 was inadequate to predict
the LTCC due to large residuals. The Cook’s distance
were calculated (Fig. 2), where all the accessions' dis-
tance was below 0.267, indicating no influential outliner
present among the accessions, indicating that all the
accessions were positive influencers to the LTCC re-
gression.

Regression for stem total chlorophyll and
carotenoids content

The ANOVA result for stem total chlorophyll (STCHL)
and carotenoids content (STCC) with F value 1.90 Pr >
F 0.1878 and 2.97 Pr> F 0.0740 (p>0.05), respectively,
which are statistically not significant indicates that stem
hue and stem chroma could not predict response for

359



Sajiv, G. et al. / J. Appl. & Nat. Sci. 15(1), 356 - 364 (2023)

‘189 abuey a|dynyy s,ueoun Aq (G0°0>0d) SeousiayIp JUBDLIUBIS B)EDIPUI UWNJOD SWES 8y} Ul SIaYa| Juataylq ‘(€ = U) suonelAsp pJepuels Y)im SanjeA ueaw ale eyeq

CAN RS J100F V00 9200+ LL°0 6 100¥ 800 990°0F 610 Sl vd
qgsoLFel'el Pog L0'0 ¥ 80°0 pog €0°0¥ ¢€°0 pPog 20'0¥ 910 pPog 0L'0¥ 86°0 ¥l vd
068°0%¥80°L1L ode L0'0F0L'0 q ¥0'0F 9¢°0 qc2o0+8L0 acLoF L'l €l vd
qoL'LF LS VL qe L00*F0L0 q +0'0F GE°0 qz00+8L0 qcL'o¥80lL ¢l vd

P LG 0¥F6E9 Poq L0'0 ¥ 600 P2 +0'0F 82°0 8p2 20'0F ¥1°0 PO L1°0F ¥8°0 Ll vd
B /¥ LF €E8L qe L00FLL0 B 90°0F 9¥°0 e €00+ 220 B QL0+ 9¢°| 0l vd
006°0F0C'LL oge L0°'0F0L'0 q 0’0+ LE0 qzo0+6L0 avioFecl’l 6 Vd
qlll+egeel 0de 10'0 +60°0 99 #¥0'0F ¥€°0 99200+ 210 09 ¢€L0F €0’} 8 vd

99C0F LE'E ©100%500 9200+ L0 Bjo LOOF LL'O P2 0L'0F 98°0 . vd

9820F8Y'E 1100F 100 9200¥8L°0 B} LO0F 0L P2 60°0F ¥8°0 9vd

P61 0Fcl9 8P L0'0+900 P €00+ 920 Bp 2o0Fclo PO 0L'0F 180 S vd

p GS0¥ €6'9 Bp2 LO0F 200 P2 €0°0¥ 820 8p2 20'0F 710 pPog L1L'0F 160 ¥ vd
B yS'LF GC'6L el00¥2lo € G0'0F 610 e £0'0F ¥2'0 EOL0FEYL €vd

P /¥ 0F €8°G $#p 10°0+900 P €0'0F G20 8P 200F€L0 POL'0F9L0 Zvd

P LS0F €€'9 ®P2q 10°0 ¥+ 80°0 PO €0'0F /20 89p2 ¢0'0F ¥1°0 PO 0L'0F €8°0 | Vd

Ar.m 6r) Juay Ap.m Bfw) Juayuod Awm Bw) jJuajuod r.m Bfw) Juayuod Ap.m Bw) jJuajuoo SUOISS300Y

-uo9 ujuefooyjuy |ejol

plousajoie) [e}o] Wa)s

IIkydosojy9 |ejo | wajs

plouajoie [ejo] jea]

IiAydoiojy9 [ejo jea

aue|sind Jo sjiel; |eaiwayd03Ayd Jo souewlopad ues|y "¢ d|qel

189 abuey ajdiyniy s,ueasunq Aq (G0 0>d) seouaiayip uedubls a1edipul UWN|OD SWEeS 8y} Ul SI19)39] Juaiayig (€ = U) SUoneIASp pJEepUB)S YlIIM SanjeA uesw ale ejeq

1919, ¥66'SZ 0697 F 0266 916 LF8G LY 0GGLF /67204 q98'L F6.8Y Byo0'L FEL'6LL Sl vd
BZ0ZFGL OV Yz, 0¥2892 Y90'ZF 8S'LZ }1L0F LE°9E 082} ¥ 09'Gh 19680 F ¥0°0Z} 1 vd
[v2'L 78€9L 0q /2°€ 721201 9L LFEY LY q/80%29ChL PZLLF LY CY P 820 ¥ ZE'ETL €l vd
PO L6L T LL'6Z 1GE'L 78022 Y G8'LF LTET J1Z1F 2998 qe L€'l ¥ 08°0S ub £€'L ¥ 95811 ZL vd
yb} 06°L ¥ 8E'ET 00 2LZF €L 101 Bz, 17 150€ qa9yLF8LELL Bz )L ¥ Sy ve P €80 ¥ €5°Z2) Ll vd
q99'L F6LVE PZ8L F81'98 18Y'LF 289 PEY'LF OV L6 9P G6'0 F 1L OV I LY'0F 62911 0l vd
Bjo 05'L F 2L'ST op LG'Z ¥ 00°€8 989'LF 6T LY e |8'0F LOGLL 1960 F09°6E 0€50F L6HZL 6 Vd
qz.'L 667 16€'L F Y0'EZ U LETFS0LT 180'LF €0°LE 08| ¥ 98'Gh U.G0F2GLLL 8 vd
yb £2°Z ¥ 0v'22 By 2€0F 6L LY Q6L LF L9°0S 0 ¥8'0F 6€'804 B8l ¥00CS 2 0£'0 ¥ 0802} Lvd
IYZE'ZF €02 6201 FEL8€E B Y. LF 8919 0 Z€0F ¥8'20L aG.L ¥ /88 PGSO T LL'EZL 9vd
0€8'L ¥GL°0€ qe £2'¢ ¥ 02°€04 P 80°ZF LGSy B 8G0F 26'9L L JOGLF LL8E q..°0%G9°0€L S vd
ub zg'} ¥ 95°2C 9q ¥2'2 ¥ G2°001 6 0zz7 €6'22 q9.1¥22ChL op 0€'L F €5 LY PLLOFGLZZL b vd
z6'L F€0°6L 160'L F ¥ETY 1GE'LF LO'LL 9 /507 Z€'L6 UGzZ'L F6YEL a62LFLL62) € vd
PO 9’| ¥ €Z°0E B FL9G0L 00 6%'LF LE6Y 01Z1¥28'L0b op GZ'TF ¥ LY 9060 ¥ 9£'5Z) Zvd
P OSLF LT 9€eL ¥ 15728 PO 08'L¥ LG9 080'L¥ 29'60L 669} ¥86C¢ B EH0F 29 HEL L vd
«D uonod aseq (o) y uonod aseq D Wajs Jo uoy () y uonuod doy .5 189] JO BWOIYD () SUOISS90Y

wa)s Jo ewoiyy

wa)s jo ajbue any

-10d doj jo ewouysn

wajs jo ajbue any

y jeay jo ajbue anH

aue|sind o sjiel; [eaisAyd jo aouewlopad uesp Z a|geL

360



Sajiv, G. et al. / J. Appl. & Nat. Sci. 15(1), 356 - 364 (2023)

Table 4. Pearson’s correlation coefficient between the phytochemical traits of common purslane

LTCHL STCHL LTCC STCC TAC
o om0 002 me e oo
o om0
oo 03 o
STCC 1.00000 228230
TAC 1.00000

p<0.05 indicates significance; LTCHL- Leaf total chlorophyll; STCHL- Stem total chlorophyll; LTCC- Leaf total carotenoids; STCC- Stem

total carotenoids; TAC- Total anthocyanins

Table 5. Parameter estimates of leaf total chlorophyll content

Variable DF Parameter estimate t Value p Value
Intercept 1 5.40147 £ 1.765 3.06 0.0099
Leaf hue angle 1 -0.02873 £ 0.013 -2.26 0.0436
Leaf chroma 1 -0.02180 + 0.007 -3.16 0.0083
p<0.05 indicates significance; Parameter estimates are regression coefficients + SE

Table 6. Analysis of variance of leaf total chlorophyll content of portulaca accessions

Source DF Sum of Squares MeanSquare F Value p Value
Model 2 0.36140 0.18070 5.04 0.0258
Leaf hue angle 1 0.00377 0.00377 0.11 0.7514
Leaf chroma 1 0.35763 0.35763 9.97 0.0083
Error 12 0.43055

Total 14 0.79195

DF: Degree of freedom; R-Squared — 0.4563;Adjusted R-Squared — 0.3657 ;p<0.05 indicates significance

STCHL and STCC.

Regression for total anthocyanin content

The intercepts and regression coefficient's value for
total anthocyanin content (TAC) are shown in Table 9
The intercept, leaf chroma and leaf hue angle had a
great significant effect on TAC. The results of the re-
gression are presented as ANOVA in Table 10. It
demonstrated that the overall model, leaf chroma and
stem top portion hue angle showed a significant rela-
tionship for the total anthocyanin pigment. The highest
TAC observed for PA 3 (19.25 ug g') is in agreement
with the predicted value (19.45 pg g”') with negative
studentized residual (-0.168). The predicted values for
TAC are given in Table 11. The studentized residuals
for other accessions in (Fig. 3) showed negative residu-
als for PA 2, 3, 4, 6,7, 8, 11, 14 and 15, indicating ob-
served values are lower than predicted data, whereas
PA 1,5, 9, 10, 12 & 13 showed positive residuals. The
large studentized residuals observed (Fig. 3) for PA 10
(2.089) indicated that the overall model was inadequate
to predict the total anthocyanin pigment in PA 10. The
calculated Cook’s distance (Fig. 2) for PA 10 (1.227)
was the influential outliner, which negatively influenced
the TAC regression.

There are very few studies available for a regression
model. Similar regression studies were conducted for
M3 mutant line of purslane by Feizi and Fotokian
(2019) and found that stem fresh weight, stem dry
weight, leaf fresh weight and leaf dry weight had signifi-
cant regression with plant fresh weight and were helpful
in line selection stages. Stroescu et al. (2013) devel-
oped a regression model to predict the oil extraction on
purslane and found that oil yields agree with predicted
values. Similar phytochemical work was previously re-
ported by Ignat et al. (2013), who developed a regres-
sion model to predict the total chlorophyll content and
total carotenoid content in bell pepper.

Conclusion

In the present study, PA 3 wild type common purslane
(Portulaca oleracea L.) had the highest phytochemical
qualities among the accessions studied across all vari-
ables. Hue angle and chroma values among the acces-
sions showed variations among themselves in the
leaves and stems of the plant. As far as a multiple re-
gression model is concerned, the hue angle and chro-
ma value of leaves and stems could predict the leaf
chlorophyll, leaf carotenoid and total anthocyanin pig-
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Studentized Residuals Cook’'s D
-3 -2 -1 0 1 2 3 0.0 0.2 04 06
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PA 4 [ — -0.435 I 0.005
PAS -] 0.191 ] 0.004
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PAT = 0.345 ] 0.008
FAB -] 0.189 0.002
PAS | — 1.128 = 0.034
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PA11 | e—— -1.611  S— 0.145
PA12 e 1.376  — 0.111
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Fig. 2. Studentized residuals and Cook’s distance for leaf total carotenoid content
Studentized Residuals Cook’s D
-2 -1 0 1 2 3 0.0 02 04 06
PA1 o 0.066 0.001
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PA G — 0.736 — 0.121
PA T =) =0.152 ] 0.004
PA B =l 0.532 o 0.020
PA S | — 1.246 | 0.042
PA 10 | e— 2.089 R ———  1.227
PA11 — -1.630 — 0.118
PA 12 | — 0.916 | s— | 0.118
PA13 —— 1.495 [—————7— 0.436
PA 14 = 0.348 o 0.014
PA 15 — -1.035 = 0.044
Studentized residuals are bounded by =2.828 when emmordf=8. B CooksD 24 /n=0.267
Fig. 3. Studentized residuals and Cook’s distance for leaf total anthocyanin content
Table 7. Parameter estimates of leaf total carotenoid content
Variable DF Parameter estimate t Value p Value
Intercept 1 0.98496 + 0.29931 3.29 0.0064
Leaf hue angle 1 -0.00531 + 0.00216 -2.46 0.0301
Leaf chroma 1 -0.00429 + 0.00117 -3.67 0.0032
DF: Degree of freedom; p<0.05 indicates significance; Parameter estimate are regression coefficients + SE
Table 8. Analysis of variance of leaf total carotenoid content of portulaca accessions
Source DF Sum of Squares MeanSquare F Value p Value
Model 2 0.01390 0.00695 6.74 0.0109
Leaf hue angle 1 0.00002 0.00002 0.03 0.8689
Leaf chroma 1 0.01387 0.01387 13.45 0.0032
Error 12 0.01238 0.00103
Total 14 0.02627

R-Squared — 0.5290; Adjusted R-Squared — 0.4505;p<0.05 indicates significance
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Table 9. Parameter estimates of leaf total anthocyanin content

Variable DF Parameter estimate t Value p Value
Intercept 1 120.19834 + 48.17 2.50 0.0372
Leaf hue angle 1 -0.63884 + 0.33 -1.95 0.0864
Leaf chroma 1 -0.58274 +0.23 -2.49 0.0375
Stem top portion hue angle 1 -0.13472 +0.13 -1.06 0.3192
Stem top portion chroma 1 0.09906 £ 0.20 0.49 0.6372
Stem base portion hue angle 1 0.02227 + 0.06 0.35 0.7378
Stem base portion chroma 1 -0.01797 £ 0.24 -0.08 0.9414
DF: Degree of freedom ; p<0.05 indicates significance; Parameter estimate are regression coefficients + SE
Table 10. Analysis of variance of total anthocyanin content of portulaca accessions
Source DF Sum of Squares MeanSquare F Value p Value
Model 6 292.992 48.832 3.85 0.0417
Leaf hue angle 1 17.635 17.635 1.39 0.2725
Leaf chroma 1 198.844 198.844 15.66 0.0042
Stem top portion hue angle 1 72.822 72.822 5.74 0.0435
Stem top portion chroma 1 1.841 1.841 0.14 0.7133
Stem base portion hue angle 1 1.776 1.776 0.14 0.7181
Stem base portion chroma 1 0.073 0.073 0.01 0.9414
Error 8 101.580 12.697
Total 14 394.573

DF: Degree of freedom; R-Squared — 0.7426; Adjusted R-Squared — 0.5495; p<0.05 indicates significance

Table 11. Predicted values for leaf total chlorophyll, leaf total carotenoid and total anthocyanin content

Predicted Value for

Accessions LTCHL Predicted Value for LTCC  Predicted Value for TAC
PA 1 0.82+0.13 0.13+0.02 6.16+ 2.52
PA 2 0.90 £ 0.06 0.14 £0.01 8.12+2.28
PA3 1.38+0.16 0.24 +0.03 19.45+ 3.34
PA 4 0.97 £ 0.05 0.15 +£0.01 7.07+ 2.56
PA5 0.82+0.10 0.13 £0.02 5.03+ 2.24
PA 6 0.80 £ 0.07 0.12 £0.01 512+ 2.78
PA7 0.80 £ 0.08 0.12 £0.01 3.67+2.68
PA 8 1.03 £ 0.08 0.16 +0.01 15.38+ 2.04
PA9 0.95 £ 0.05 0.15 +£0.01 7.23+1.42
PA 10 1.17 £ 0.10 0.19 +£0.02 14.01+£ 2.91
PA 11 1.13 £0.07 0.19 £0.01 11.47£1.74
PA 12 0.89 £ 0.07 0.14 £0.01 12.19+ 2.51
PA 13 0.93 £ 0.05 0.15 +0.01 7.61+2.71
PA 14 0.96 + 0.06 0.15 +0.01 14.06+ 2.37
PA 15 0.92 £ 0.07 0.14 £0.01 6.98+ 1.69

Dependent variable predicted data mean values + SE; Define above abbreviations below the table
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ments. Stem hue and chroma could not predict the
stem chlorophyll and carotenoid pigments. The addition
or deletion of independent variables in stem properties
would help to fit the model. Thus, P. oleracea could be
viewed as an inexpensive source of carotenoids and
anthocyanins. This is the first study in India which
demonstrated higher plant physicochemical diversity in
a wild plant that could become a raw material to obtain
several nutraceuticals.
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