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fraction IX (89.6%) in MS extracts showed the highest 
antioxidant value under column chromatography 
when compared to the standard butylated 
hydroxytoluene (BHT). The column‑separated 
fractions of MS showed the highest antioxidant 
activity, followed by DL, MF and BO extracts.

High performance thin layer 
chromatography
The results of HPTLC analysis of terpenoid, phenol, 
flavonoid and tannin profiles for the four fern extracts 
are presented in Figure 2. The chromatogram 
using finger print profile for UV derivatization was 
scanned under UV 254 nm/ UV 366 nm/visible light. 
The peak table, peak display and peak densitogram 
are presented in Figure 3. The HPTLC results 
for terpenoids were compared using standard 
phytol. Similarly, four standards were used for 
analysis of phenols (S2.1‑resorcinol, S2.2‑catechol, 
S2.3‑glycallic acid; S2.4‑hydroquinone). Flavonoids 
were determined using quercetin as the standard. 
Tannin profile was determined using tannic acid 
as the standard. The bands of BO, DL and MS were 
matching with the standard phytol as similar to 
the case of UV 366 nm. No band was noticed in MF 
extracts. This could be correlated with the peak 
densitogram which depicted the peak in Rf values of 
BO, DL and MS, matching the phytol standard. The 
most prominent peak in Rf value was present in MS 
extract. The HPTLC analysis of phenols revealed that 
the bands of the four fern extracts were matching 
the four standards (S2.1, S2.2, S2.3 and S2.4) used 
under UV 254 nm and the densitogram showing 
the peak in Rf values of the four fern extracts which 
were matching the standards used. The HPTLC 

Results

Qualitative and quantitative 
phytochemistry
Qualitative phytochemical analysis of extracts of 
the four fern plants, using the respective solvents, 
revealed that ethanol extracted out most of the 
phytochemicals present in BO and DL. Acetone 
did the best in respect of MF and MS. Among the 
13  classes of phytochemicals studied, anthocyanin 
was absent in the extracts of all four ferns. Glycosides 
were absent in MF and MS extracts. Selected 
secondary metabolites which might contribute to 
the anthelmintic property (total flavonoids, total 
phenol, total tannin and total terpenoids) were 
quantitatively analyzed. The highest amount of total 
phenol (28.27 ± 0.18 mg gallic acid equivalent/g) was 
present in DL extracts. Terpenoids and flavonoids 
were present in the highest concentrations in 
MS [terpenoids, 136.78  ±  1.32  mg/g; flavonoids 
(quercetin), 19.00 ± 0.58 mg/g] extracts. Total tannin 
content was the highest in BO (34.93  ±  0.41  mg 
tannic acid equivalent/g) extracts. To sum up, DL and 
MS extracts contain higher amounts of terpenoids, 
tannins, phenols and flavonoids as compared to BO 
and MF (Table I).

Column chromatographic fractions
A total of 9 fractions were separated as eluents from 
BO extracts 13 each from DL and MF extracts and 
16 from MS extracts under column chromatography 
(Figure  1). Among the eluted fractions, fraction  VI 
(64.4%) in BO extracts, fraction V (79.5%) in DL 
extracts, fraction IV (74.01%) in MF extracts and 

Table I. Percentage yield, total terpenoids, total phenolics, total flavonoids and tannin content of various whole fern extracts.

Sample
Percentage yield (w/w) Total terpenoids (mg/g) Total phenolics (mg GAE/g) Total flavonoids (mg QE/g) Tannins (mg TAE/g)

BO DL MF MS BO DL MF MS BO DL MF MS BO DL MF MS BO DL MF MS

PE 3.23 6.67 3.05 4.08 -
6.32

±
0.24

1.41
±

0.26

3.23
±

0.17

1.11
±

0.29

2.44
±

0.22

0.97
±

0.03

2.74
±

0.13

0.74
±

0.14
- - -

1.10
±

0.05
- - -

CH 4.45 6.97 2.60 5.28
1.22

±
0.13

-
2.17

±
0.09

7.70
±

0.17

2.28
±

0.36

1.89
±

0.20

0.70
±

0.05

2.13
±

0.08

0.71
±

0.15
- - -

0.77
±

0.15
- -

1.50
±

0.25

AC 30.77 34.75 32.75 40.00
73.02

±
0.10

90.87
±

0.47

20.58
±

0.42

138.18
±

0.40

0.82
±

0.12

20.75
±

0.38

6.43
±

0.23

18.40
±

0.25

7.38
±

0.19

7.72
±

0.13

3.13
±

0.07

21.23
±

0.12

14.28
±

0.17

18.42
±

0.30

1.30
±

0.15

8.13
±

0.35

ET 33.81 39.60 31.97 38.71
79.05

±
0.33

97.66
±

1.08

16.83
±

0.83

136.78
±

1.32

1.43
±

0.16

28.27
±

0.18

5.27
±

0.13

17.23
±

0.38

8.30
±

0.36

8.33
±

0.17

1.25
±

0.14

19.00
±

0.58

34.93
±

0.41

30.27
±

0.27

7.41
±

0.26

19.97
±

0.26

WA 12.08 13.18 9.60 10.03
6.28

±
0.21

8.17
±

0.09
- -

0.69
±

0.16

17.15
±

0.15

3.45
±

0.26

11.26
±

0.14

4.72
±

0.11

5.51
±

0.26

1.15
±

0.10

16.44
±

0.17
- - -

2.88
±

0.48
Values were obtained in triplicates and represented as mean ± SE.
PE = petroleum ether;    CH = chloroform;    AC = acetone;    ET = ethanol;    WA = water;    BO = B. orientale;    DL = D. linearis;    MF = M. fraxinea;    MS = M. speluncae.




