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Abstract
Seasonal variation in agar yield and some agar physical and chemical properties and biochemical composition of all studied 

species were examined in different periods 2014 to 2016. The maximum agar yields of all studied species were recorded during the 
winter and minimum values were obtained during the summer. Agar yield of H. musciformis varied from a minimum of 17.80% (dry 
wt) in May, to a maximum value of 30% in October while that of H. pannosa varied from a minimum of 18.60% (dry wt) at October, 
to a maximum of 35.80% at January and the yield of agar in H. valentiae varied from a minimum of 20.80% (dry wt) in April, to a 
maximum value of 35% in October like the H. musciformis. The maximum agar gel strength was recorded in H. valentiae (130 g/cm2) 
as compared to other species (H. musciformis and H. pannosa). Gel density, viscosity, temperature and melting temperature showed 
significant seasonal variation for all three studied seaweed species. Agar yield and quality of all three species were within the range of 
accepted commercial values. An intensive spectroscopic FTIR technique used to identify the frequency of functional groups alcohols, 
amines and alkanes (O-H, N-H, C-H), alkynes and nitriles (C≡C, C≡N), carbonyl amide, nitro methane and aromatic (C = O, N = O), 
alkane (C-C), sulfoxides (S = O), alkene (C−H) and alkyl halide (C-Cl) in all three species of Hypnea (H. musciformis, H. pannosa, H. 
valentiae). The carbohydrate content was in the range of 20 - 30% for all studied species while the ash content was in the range of 
10 - 20%. The results indicated that all three studied species can be considered as a good aspirant for commercial agar use.
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Introduction

Seaweed or marine plants are considered as important living 
and the good source of natural product having many applications 
in various industries. They are the only source for the production 
of agar, carrageenan and alginic acid [1]. It has been estimated that 
the world’s resources of seaweeds comprises 1460 million tons 
wet weight of brown algae and 261 million tons wet weight red 
algae and the total production of seaweeds is about 1721 x 104 
tons wet weight annually [2]. Agar is a gel forming polysaccharide 
with a sugar residue as a principal chain consisting of 1,3-linked 
ß-D-galactopyranose, 1,4-linked 3,6 anhydro-α-L-galactopyranose 
units forming a cross-linked network model while agarobiose is 
the basic disaccharide representing the structural unit of all agar 
polysaccharides [3]. Agar have been always used as gelling, sta-
bilizing and thickening agents in the food, confectionary, textiles, 
pharmaceuticals, dairy and paper industry [4]. 

Most commonly agar is synthesized by a number of seaweeds 
species under the class Rhodophyceae mainly depend on order 
Gracilariales and Gelidiales [5]. The yield and quality of agar not 
only depend on its specific characteristic but it is varied with 
species and time of collection also [6]. The genus Hypnea is well 
known within the family Cystocloniaceae of the order Gigartinales 
[4]. The genus is widely distributed in the warm and temperate 
seas. Hypnea musciformis, Hypnea pannosa and Hypnea valentiae 
are the resources of both agar and carrageenan [4,7]. Mouradi., et 
al. [8] studied seasonal variation of the growth, chemical composi-
tion and carrageenan extracted from Hypnea musciformis (Wulfen) 
Lamouroux harvested along the Atlantic coast of Morocco. 

Seaweeds also contain carbohydrates, protein, amino acids, 
iodine, bromine, and vitamins [2]. Seasonal variation in biomass 
and agar quality extracted from the marine red algae Pterocladia 
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capillacea and Hypnea musciformis growing along Mediterranean 
seashore of Alexandria, Egypt were studied by Fathy and Moham-
mady [6]. The Hypnea valentiae (Turner) Montagne due to its im-
portance farmed at Minicoy Lagoon (Lakshadweep) [4]. 

Aim of the Study
The aim of present study is to investigate the variations in agar 

yield and its physical, chemical properties and evaluate their po-
tential nutritive value of three abundantly found species of genus 
Hypnea: H. musciformis, H. pannosa and H. valentiae of the Karachi 
coast of Pakistan. 

Materials and Methods 
The monthly fresh samples of three species of red seaweeds 

Hypnea musciformis (Wulfen) J. V. Lamouroux, Hypnea pannosa J. 
Agardh, Hypnea valentiae (Turner) Montagne were collected from 
four different exposed sites of Karachi coast (Buleji, Hawks Bay, 
Manora and Paradise Point) in different periods between 2014 - 
2016. The sampling of seaweeds was done from Buleji and Hawks 
Bay during January 2014 to December 2014, from Manora during 
January 2015 to December 2015 and from Paradise Point during 
January 2016 to December 2016 at low tide except few months. 
All the samples of seaweeds collected were placed separately in 
pre-labeled plastic bags and brought to the laboratory, carefully 
cleaned from mud debris and other epiphytes with filtered seawa-
ter and identified (Table 1).

S. No Kingdom Division Class Order Family Genus Species Collection Site
1 Protista Rhodophyta Bangiophyceae Bangiales Hypneaceae Hypnea Hypnea musciformis Buleji, Hawks Bay, Manora, 

Paradise Point
2 - Hypnea pannosa Buleji, Hawks Bay, Manora, 

Paradise Point
3 - - Hypnea valentiae Buleji, Hawks Bay, Manora, 

Paradise Point

The yield of agar was extracted by the non-alkali method de-
scribed by Praiboon., et al. [9] and its physical properties (Gel 
density, viscosity, gelation temperature, melting point, and gel 
strength) were determined by the method of Whyte and Engler 
[10]. The FTIR analysis technique was used for investigating the 
functional groups in seaweed samples [11]. The carbohydrate con-
tent was estimated by using phenol sulfuric acid method [12] and 
ash or total inorganic content was determined by the standard 
method of A.O.A.C [13]. 

Result and Discussion
The sites of Karachi coast Buleji, Hawks Bay, Manora and Para-

dise Point are rich in macro algae or seaweeds. Table 2 show total 
one hundred four (n = 104) individuals of Hypnea (Hypnea mus-
ciformis, Hypnea pannosa and Hypnea valentiae) of family Hypne-
aceae were sampled during the study period from all four sites. 
Samples collected from Buleji (n = 31), Hawks Bay (n = 19), Manora 
(n = 29) and Paradise Point (n = 25). Total 39 individual sample of 
H. musciformis were collected from Buleji (n = 12), Hawks Bay (n = 
7), Manora (n = 11) and Paradise point (n = 9), H. pannosa (n = 28) 
from Buleji (8), Hawks Bay (n = 5), Manora (n = 8) and Paradise 
point (n = 7) and H. valentiae (n = 37) from Buleji (n = 11), Hawks 
Bay (n = 7), Manora (n = 10) and Paradise Point (n = 9). The study 
data reveals high variability in the number of individuals in each 
species and site (Table 2). 

Table 1: Seaweed species of Hypnea collected from Karachi coast.

The range of total agar content in all studied species was 17.80 
- 35.80% with the mean value of 25.4 ± 3.37%. The concentration 
of agar was mostly high in winter season (Nov-January). The figure 
1 showed that agar concentration decreased from January to Au-
gust and again increased till December. Whereas the highest agar 

S. No. Name of Species Buleji Hawks Bay Manora Paradise Point Total
1 Hypnea musciformis 12 7 11 9 39
2 Hypnea pannosa 8 5 8 7 28
3 Hypnea valentiae 11 7 10 9 37

Total 31 19 29 25 104

Table 2: Total number of individuals of red seaweeds species collected from Karachi coast.

mean value extracted from H. valentiae (27.35 ± 3.20%) followed 
by Hypnea pannosa (26.67 ± 3.07%) and H. musciformis (22.18 ± 
0.92%) (Figure 2). It is also noted that content of agar was obtained 
in Buleji samples as compared to other three sites samples (Figure 
3).  
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Figure 1: Monthly variations in agar content (% dry wt) of H. 
musciformis, H. pannosa and H. valentiae of Karachi coast.

Figure 2: Variations in agar content (% dry wt) of 
 H. musciformis, H. pannosa and H. valentiae of Karachi coast.

Figure 3: Variations in agar content (% dry wt) of H. musciformis, 
H. pannosa and H. valentiae collecting from different sites (Buleji, 

Hawks Bay, Manora and Paradise Point) of Karachi coast.

H. musciformis was found most of month of the year at all sites. 
The range of agar content in H. musciformis was 17.80 - 30% with 
mean concentration of 22.18 ± 0.92%. In H. musciformis agar 
concentration varied throughout the years. In Buleji sample it 
was high in October (30%) and in Hawks Bay sample it was high 
(24.20%) in December. Whereas in Manora sample it was high in 
March (27.88%) and in Paradise Point sample in September (26%) 

(Figure 4). H. pannosa was found in most of the period of year from 
all studying sites (Buleji, Hawks Bay, Manora and Paradise Point). 
The range of agar content in H. pannosa was 22 - 35.80% with mean 
concentration value of 26.67 ± 3.07%. Like other species H. pan-
nosa agar concentration also varied throughout the years in all sites 
samples such as it was high in March (33.70%) in Buleji samples, in 
January (35.80%) in Hawks Bay samples, in April (33%) in Manora 
samples and in February (28%) in Paradise Point samples (Figure 
5). H. valentiae was found most of the time in the year at Buleji, 
Hawks Bay, Manora and Paradise Point. The range of agar content 
in H. valentiae was 20.80 - 35% with mean concentration value of 
27.35 ± 3.20%. In Buleji samples agar concentration was high in 
October (35%) and in Hawks Bay samples it was high (34.25%) in 
January. In Manora sample it was high in June (32%) and in Para-
dise Point sample it was high (26%) in August (Figure 6). 

Figure 4: Seasonal variations in the yield of agar from  
H. musciformis collecting from Karachi coast.

Figure 5: Seasonal variations in the yield of agar from  
H. pannosa collecting from Karachi coast.

Figure 6: Seasonal variations in the yield of agar from  
H. valentiae collecting from Karachi coast.
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The density of agar extract in H. musciformis was in a range of 
0.70 - 1.44 g/cm3 in all sites samples. In both Buleji and Paradise 
Point samples density was high in September (1.35 g/cm3 and 1.44 
g/cm3 respectively) in Hawks Bay samples it was high in December 
(1.08 g/cm3) whereas in Manora sample it was high (1.08 g/cm3) 
in March (Table 3). The gel viscosity of H. musciformis agar extract 
was in the range of 45 - 134 cP. Viscosity of agar was high in Octo-
ber (113 cP) in Buleji samples, in December (106 cP) in Hawks Bay 
samples, in March (70 cP) in Manora samples and in September 
(134 cP) in Paradise Point samples (Table 3). Gel temperature of 
H. musciformis was in the range of 38 - 101°C. In Buleji samples 
gel temperature was high in October (101°C) and in Hawks Bay 
samples it was high in December (65°C) whereas in both Manora 
and Paradise Point samples gel temperature was high (57°C and 
86°C respectively) in September (Table 4). H. musciformis extract 
gel melting point was in the range of 245 - 671°C, high in Octo-
ber (607°C) in Buleji samples, in December (391°C) in Hawks Bay 
samples, in March (380°C) in Manora samples and in September 
(671°C) in Paradise Point samples (Table 4). Gel strength was in 
the range of 100 - 120 g/cm2. The highest gel strength was found in 
Paradise Point samples (120 g/cm2) as compared to other studied 
site samples (Figure 7). The density of agar extract in H. pannosa 
was in a range of 0.58 - 1.21 g/cm3 in all sites samples. In Buleji and 
Hawks Bay samples it was high in January (1.04 g/cm3 and 1.00 g/
cm3 respectively), in Paradise Point samples in February (1.21 g/
cm3) and in Manora samples in April (1.44 g/cm3) (Table 5). The 
gel viscosity of H. pannosa agar extract was in the range of 75 - 122 
cP. In Buleji samples viscosity of agar was high in March (136 cP), 
in Hawks Bay samples it was high (110 cP) in January whereas in 
both Manora and Paradise Point samples gel viscosity was high in 
February (122 cP) and 120 cP respectively (Table 5). Gel tempera-

Species Hypnea musciformis
Gel density (gm/cm3) Gel viscosity (cP)

Sites Buleji Hawks Bay Manora Paradise Point Buleji Hawks Bay Manora Paradise Point
J 1.00 1.00 1.00 1.00 75 98 65 93
F 1.17 0.93 0.84 1.22 88 91 54 113
M 0.93 1.05 1.08 1.20 70 103 70 111
A 0.96 - 0.89 1.25 72 - 58 116
M 0.90 - 0.85 1.16 67 - 55 108

J 0.89 0.85 0.95 - 83 83 62 -
J 1.09 0.82 0.98 - 82 80 65 -
A 1.21 - - - 91 - - -
S 1.35 - 1.05 1.44 101 - 68 134
O 1.51 - 0.72 1.22 113 - 47 113
N 1.24 0.85 0.70 1.16 93 83 45 108
D 1.06 1.08 0.84 1.36 79 106 54 127

ture of H. pannosa was in the range of 28 - 76°C. In Buleji samples 
gel temperature was high in March (53°C), in Hawks Bay samples in 
January (58°C), in Manora samples in April (72°C) and in Paradise 
Point samples in February (76°C) (Table 6). H. pannosa gel melting 
point was in the range of 128 - 540°C. In Buleji samples gel melting 
point was high in March (240°C), in Hawks Bay samples in Janu-
ary (280°C), in Manora samples in April (282°C) and in Paradise 
Point samples in February (540°C) (Table 6). Gel strength was in 
the range of 111-124 g/cm2. The highest gel strength was found 
in Buleji samples (124 g/cm2) as compared to other studied sites 
samples (Figure 7). The density of agar extract in H. valentiae was 
in a range of 0.69 - 1.15 g/cm3 in all sites samples. It was high in 
Buleji samples in October (1.10 g/cm3), in Paradise Point samples 
in August (1.15 g/cm3), in Hawks Bay samples in January (1.00 g/
cm3) and in Manora samples in June (1.14g/cm3) (Table 7). The gel 
viscosity of H. valentiae agar extract was in the range of 79 - 143 
cP. In Buleji samples viscosity of agar was high in October (143 cP) 
and in Hawks Bay samples it was high (110 cP) in January whereas 
in Manora samples viscosity of agar was high in June (128 cP) and 
in Paradise Point samples viscosity was high in August (108 cP) 
(Table 7). Gel temperature of H. valentiae was in the range of 34 - 
64°C. In Buleji samples gel temperature was high in October (55°C) 
and in Hawks Bay samples it was high in January (60°C) where-
as in Manora samples it was high in May (64°C) and in Paradise 
Point samples gel temperature was high (60°C) in August (Table 
8). H. valentiae gel melting point was in the range of 218 - 478°C. 
Gel melting point was high in October (347°C) in Buleji samples, in 
January (300°C) in Hawks Bay samples, in June (370°C) in Manora 
samples and in August (478°C) in Paradise Point samples (Table 8). 
Gel strength was in the range of 100 - 130 g/cm2. The highest gel 
strength was found in Manora samples (130 g/cm2) as compared to 
other studied sites samples (Figure 7).

Table 3: Gel density and gel viscosity of Hypnea musciformis collected from Karachi coast.
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Species Hypnea musciformis
Gel temperature (ºC) Gel melting temperature (ºC)

Sites Buleji Hawks Bay Manora Paradise Point Buleji Hawks Bay Manora Paradise Point
J 67 60 55 60 400 360 350 465
F 78 56 46 73 469 336 294 568
M 62 63 59 72 374 380 380 559
A 64 - 49 75 384 - 314 583
M 60 - 46 70 360 - 297 542
J 74 51 52 - 445 307 334 -
J 73 49 55 - 438 296 355 -
A 81 - - - 485 - - -
S 90 - 57 86 542 - 368 671
O 101 - 39 73 607 - 253 568
N 83 51 38 70 499 307 245 542
D 71 65 46 82 425 391 295 635

Table 4: Gel temperature and gel melting temperature of Hypnea musciformis collected from Karachi coast.

Species Hypnea pannosa
Gel density (gm/cm3) Gel viscosity (cP)

Sites Buleji Hawks Bay Manora Paradise Point Buleji Hawks Bay Manora Paradise Point
J 1.04 1.00 1.07 1.00 130 110 112 99
F - - 1.17 1.21 - - 122 120
M 1.08 0.83 - 1.11 136 93 - 110
A 0.96 0.83 1.44 0.95 121 92 150 94
M 1.00 - - 1.00 126 - - 99
J - - 1.09 - - - 114 -
J - - - - - - - -
A - - - - - - - -
S 0.87 0.80 0.96 - 109 88 100 -
O 0.60 - 1.08 - 75 - 113 -
N 0.58 0.83 1.00 0.95 72 92 105 94
D 0.69 - 1.04 0.99 87 - 108 98

Table 5: Gel density and gel viscosity of Hypnea pannosa collected from Karachi coast.

Species Hypnea pannosa
Gel temperature (ºC) Gel melting temperature (ºC)

Sites Buleji Hawks Bay Manora Paradise Point Buleji Hawks Bay Manora Paradise Point
J 51 58 54 63 230 280 210 444
F - - 59 76 - - 230 540
M 53 49 - 70 240 236 - 496
A 47 48 72 60 214 234 282 424
M 49 - - 63 223 - - 444
J - - 55 - - - 214 -
J - - - - - - - -
A - - - - - - - -
S 42 46 48 - 192 224 188 -
O 29 - 54 - 132 - 212 -
N 28 48 50 60 128 234 197 424
D 34 - 52 62 154 - 204 440

Table 6: Gel temperature and gel melting temperature of Hypnea pannosa collected from Karachi coast.
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The results of FTIR analysis of agar extracted from Hypnea mus-
ciformis showed different peak values at 3924.1 cm-1, 3851.9 cm-1, 
3790.0 cm-1, 3447.9 cm-1, 2925.0 cm-1 and 2851.1 cm-1 for function-
al groups alcohols, amines and alkanes (O-H, N-H, C-H), 2273.5 cm-1 
for alkynes and nitriles (C≡C, C≡N), 1645.2 cm-1 and 1644.2 cm-1, 
1554.1 cm-1, for carbonyl amide, nitro methane and aromatic (C = O, 
N = O), 1451.2 cm-1 for alkane (C-C), 1161.2 cm-1 and 1080.6 cm-1 for 
sulfoxides (S = O), 930.0 cm-1, 846.3 cm-1 and 705.4 cm-1 for alkene 
(C−H), 604.4 cm-1 for alkyl halide (C-Cl) (Figure 8 and table 9). The 
results of FTIR analysis of agar extracted from H. pannosa showed 
different peak values at 3413.8 cm-1, 2925.8 cm-1, 2860.2 cm-1 and 
2520.8 cm-1 for functional groups alcohols, amines and alkanes (O-

Species Hypnea valentiae
Gel temperature (ºC) Gel melting temperature (ºC)

Sites Buleji Hawks Bay Manora Paradise Point Buleji Hawks Bay Manora Paradise Point
J 50 60 56 55 315 300 321 432
F 45 54 48 49 286 272 278 386
M 34 56 56 53 218 280 325 417
A 45 - - 48 289 - - 383
M 47 - 64 - 297 - 368 -
J 45 47 64 - 286 237 370 -
J 47 52 63 57 297 262 268 454
A - - - 60 - - - 478
S 51 - 54 51 323 - 312 405
O 55 52 47 52 347 262 274 415
N 44 43 48 - 277 217 278 -
D 41 - 47 53 260 - 275 423

Table 8: Gel temperature and gel melting temperature of Hypnea valentiae collected from Karachi coast.

Figure 7: Gel strength in species H. musciformis,  
H. pannosa and H. valentiae.

Species Hypnea valentiae
Gel density (gm/cm3) Gel viscosity (cP)

Sites Buleji Hawks Bay Manora Paradise Point Buleji Hawks Bay Manora Paradise Point
J 1.00 1.00 0.99 1.04 130 110 111 98
F 0.91 0.90 0.85 0.93 118 99 96 87
M 0.69 0.93 1.00 1.00 90 102 112 94
A 0.91 - - 0.92 119 - - 86
M 0.94 - 1.13 - 122 - 127 -
J 0.90 0.79 1.14 - 118 87 128 -
J 0.94 0.87 1.12 1.09 122 96 126 103
A - - - 1.15 - - - 108
S 1.02 - 0.96 0.97 133 - 108 91
O 1.10 0.87 0.84 0.99 143 96 94 94
N 0.88 0.72 0.85 - 114 79 96 -
D 0.82 - 0.84 1.02 107 - 95 96

Table 7: Gel density and gel viscosity of Hypnea valentiae collected from Karachi coast.
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H, N-H, C-H), 1645.2 cm-1, carbonyl amide, nitro methane and aro-
matic (C = O, N = O), 1429.2 cm-1 for alkane (C-C), 1259.4 cm-1 ali-
phatic amines (C−N), 1157.2 cm-1 and 1076.2 cm-1 for sulfoxides (S 
= O), 871.8 cm-1, 783.0 cm-1 and 707.8 cm-1 for alkene (C−H), 673.1 
cm-1 for alkyl halide (C-Cl), 459.0 cm-1 alkyl halide (C-I) (Figure 9 
and table 10). The results of FTIR analysis of agar extracted from 
H. valentiae showed different peak values at 3962.7 cm-1, 3903.7 
cm-1, 3855.0 cm-1, 3810.8 cm-1, 3754.0 cm-1, 3675.3 cm-1, 3527.8 cm-

1, 3492.9 cm-1, 3418.0 cm-1, 2926.3 cm-1 and 2855.5 cm-1 for func-
tional groups alcohols, amines and alkanes (O-H, N-H, C-H), 2273.4 
cm-1 for alkynes and nitriles (C≡C, C≡N), 1742.6 cm-1, 1643.9 cm-1, 
1555.9 cm-1 and 1508.3 cm-1 for carbonyl amide, nitro methane and 
aromatic (C = O, N = O), 1461.1 cm-1 for alkane (C-C), 1372.9 cm-1 
for alkane and nitro methane (C-N, N = O), 1242.5 cm-1 for aliphatic 
amines (C−N), 1165.3 cm-1, 1085.5 cm-1 and 1037.9 cm-1 for sulfox-
ides (S = O), 701.8 cm-1 for alkene (C−H), 559.7 cm-1 for alkyl halide 
(C-Cl), 474.0 cm-1 for alkyl halide (C-I) (Figure 10 and table 11).

Figure 8: FTIR spectrum of agar in specie of Hypnea musciformis.

IR Frequency 
(cm-1) Bond Functional group Intensity Estimation Type of 

Vibration
Sample IR Frequency 

(cm-1) Reference

4000 - 2500 O-H, N-H, C-H Alcohol, Amine, Alkane Strong, Sharp Stretch, 
Free

3924.1, 3851.9, 3790.0, 
3447.9, 2925.0, 2851.1 [17-19]

2500 - 2000 C≡C, C≡N Alkyne, Nitriles Medium Stretch 2273.5 [17]
2000 - 1500 C=O, N=O Cabonyl Amide, Nitro, 

Aromatic
Very weak, medium, 

Strong
Stretch 1644.2, 1554.1 [17,18,20]

1500 - 1400 C-C Alkane Medium to Weak Stretch 1451.2 [18]
1200 - 1000 S=O, Sulfoxides Strong Stretch 1161.2, 1080.6 [20]
1000 - 700 C−H Alkene Weak Bending 930.0, 846.3, 705.4 [20]
700 - 500 C−Cl, Alkyl Halide Strong Stretch 604.4 [17,20]

Table 9: FTIR absorption frequency (cm-1), intensity estimation and functional group of agar extracted from Hypnea musciformis.

Figure 9: FTIR spectrum of agar in specie of Hypnea pannosa.

Figure 10: FTIR spectrum of agar in specie of Hypnea valentiae.
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IR Frequency 
(cm-1) Bond Functional group Intensity Estimation Type of 

Vibration
Sample IR Frequen-

cy (cm-1) Reference

4000 - 2500 O-H, N-H, C-H Alcohol, Amine, Alkane Strong, Sharp Stretch, Free 3413.8, 2925.8, 
2860.2, 2520.8

[17-19]

2000 - 1500 C=O, N=O Cabonyl Amide, Nitro, 
Aromatic

Very weak, medium, 
Strong

Stretch 1645.2 [17,18,20]

1500 - 1400 C-C Alkane Medium to Weak Stretch 1429.2 [18]
1300 - 1200 C−N Aliphatic Amines Strong Stretch 1259.4 [17,18,20]
1200 - 1000 S=O, Sulfoxides Strong Stretch 1157.2, 1076.2 [20]
1000 - 700 C−H Alkene Weak Bending 871.8, 783.0, 707.8 [20]
700 - 500 C−Cl, Alkyl Halide Strong Stretch 673.1 [17,20]
200 - 500 C−I Alkyl Halide Strong Stretch 459.0 [17,20]

Table 10: FTIR absorption frequency (cm-1), intensity estimation and functional group of agar extracted from Hypnea pannosa.

IR Frequency 
(cm-1) Bond Functional group Intensity  

Estimation
Type of 

Vibration
Sample IR Frequency 

(cm-1) Reference

4000 - 2500 O-H, N-H, C-H Alcohol, Amine, Alkane Strong, Sharp Stretch, Free 3962.7, 3903.7, 3855.0, 
3810.8, 3754.0, 3675.3, 
3527.8, 3492.9, 3418.0, 

2926.3, 2855.5

[17-19]

2500 - 2000 C≡C, C≡N Alkyne, Nitriles Medium Stretch 2273.4 [17]
2000 - 1500 C=O, N=O Carbonyl Amide, Nitro, 

Aromatic
Very weak,  

medium, Strong
Stretch 1742.6, 1643.9, 1555.9, 

1508.3
[17,18,20]

1500 - 1400 C-C Alkane Medium to Weak Stretch 1461.1 [18]
1400 - 1300 C-N, N=O Alkane, Nitro methane Medium Bending 1372.9 [18,20]
1300 - 1200 C−N Aliphatic Amines Strong Stretch 1242.5 [17,18,20]
1200 - 1000 S=O, Sulfoxides Strong Stretch 1165.3, 1085.5, 1037.9 [20]
1000 - 700 C−H Alkene Weak Bending 701.8 [20]
700 - 500 C−Cl, Alkyl Halide Strong Stretch 559.7 [17,20]
200 - 500 C−I Alkyl Halide Strong Stretch 474.0 [17,20]

Table 11: FTIR absorption frequency (cm-1), intensity estimation and functional group of agar extracted from Hypnea valentiae.

The carbohydrate content in H. musciformis was in the range 
of 20 - 25% with mean concentration value of 23.12 ± 2.39%. The 
highest content of carbohydrate (25%) was obtained from Manora 
samples as compared to other sites samples (Figure 11). The ash 
content in H. musciformis was in the range of 10 - 20% with mean 
concentration value of 15 ± 4.08%. The highest content of ash 
(20%) was also obtained in Manora samples as compared to other 
sites samples (Figure 11). The carbohydrate content in H. pannosa 
was in the range of 26.25 - 30% with mean concentration value 
of 27.9 ± 1.55%. The highest (30%) content of carbohydrate was 
obtained from Buleji sample as compared to other sites samples 
(Figure 12). The ash content in H. pannosa was in the range of 15 
- 18.33% with mean concentration value of 17.70 ± 2.08%. The 
highest content of ash (18.33%) was obtained from Paradise Point 
sample as compared to other sites samples (Figure 12). The carbo-

hydrate content in H. valentiae was in the range of 20 - 25% with 
mean concentration value of 21.70 ± 2.25%. The highest (25%) 
content of carbohydrate was obtained from Paradise Point sample 
as compared to other sites samples (Figure 13). The ash content in 
H. valentiae was in the range of 10 - 12.5% with mean concentra-
tion value of 11.25 ± 1.02%. The highest content of ash (12.5%) 
was obtained from Hawks Bay samples as compared to other sites 
samples (Figure 13).

The results of two way analysis of variance (ANOVA) in agar gel 
content of three species H. musciformis, H. pannosa and H. valen-
tiae showed that there were highly significant variations observed 
between species (P < 0.05), month (P < 0.001) and sites (P < 0.01). 
The differences in species, sites and month in present results reveal 
that agar content was different in all three studied species at dif-
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Figure 11: Carbohydrate and ash content in Hypnea 
 musciformis of Karachi coast.

Figure 12: Carbohydrate and ash content in Hypnea  
pannosa of Karachi coast.

Figure 13: Carbohydrate and ash content in  
Hypnea valentiae of Karachi coast.

ferent sites in different times (Table 12). The data for agar concen-
trations of the three experimental species used in this study were 
analyzed to determine the relationship in between agar of the three 
species of Hypnea at different sites found. Positive significant cor-
relation were found in agar of H. musciformis and H. valentiae col-
lected from Hawks Bay (r2 = 0.604) and Manora (r2 = 0.660) and 
H. musciformis and H. pannosa collected from Paradise Point (r2 = 
0.600). The insignificant correlation was found in between agar, 
carbohydrate and ash content.

The present study demonstrated that the yield of agar varied 
seasonally (time of collection) species to species. The results for 
yield of agar extracted from the species of H. musciformis (17.80 - 
30%), H. pannosa (22 - 35.80%) and H. valentiae (20.80 - 35%) in 
present work were high to the values reported by Fathy and Mo-
hammady [6] from Mediterranean seashore of Alexandria, Egypt 
for the H. musciformis (15.3 - 24%). The highest yield was due to 
temperature and photoperiod [14]. The maximum and minimum 
yield of agar obtained in present work in the same period reported 
by Fathy and Mohammady [6]. 

In the present work variations were found in physical properties 
in between all three species indicates that season and environment 
affect on the physical properties of agar like the quantity of agar 
[15]. The present work showed that the highest gel density was 
obtained in Hypnea musciformis whereas the highest gel viscosity 
was obtained in Hypnea valentiae as compared to other species. 
It is also noted that the highest gel boiling temperature (101°C) 
in October and gel melting temperature (671°C) was obtained in 
Hypnea musciformis from the samples of Buleji and Paradise Point 
respectively. High viscosity and melting temperature values indi-
cate a high molecular weight polymer [16]. Gel temperature of H. 
musciformis (38 -101°C) and the gel melting temperatures of all 
studied Hypnea species H. musciformis (360 - 499°C), H. pannosa 
(128 - 540°C) and H. valentiae (218 - 478°C) were high whereas 

Source DF Seq SS Adj SS Adj MS F P
Month 11 4188.8 4181.8 380.2 3.50*** 0.000
Sites 3 1548.2 1562.8 520.9 4.80** 0.003

Species 2 801.0 801.0 400.5 3.69* 0.028
Error 127 13793.5 13793.5 108.6
Total 143 20331.5

Table 12: Analysis of variance (ANOVA) for yield of agar in different species of Hypnea  
(H. musciformis, H. pannosa, H. valentiae) at four different sites of Karachi coast.

Note: * = significant at P < 0.05, **= significant at P < 0.01 and ***= significant at P < 0.001
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gel strength of H. musciformis (100 - 120 g/cm2), H. pannosa (111 
- 124 g/cm2) and H. valentiae (100 - 130 g/cm2) values were found 
lower when compared with the previous study for the H. muscifor-
mis from Mediterranean seashore of Alexandria, Egypt [6].

The results of FTIR analysis of agar extract showed strong and 
sharp absorption peaks in the 2520.8 - 3962.7 cm-1 region (Al-
cohol, Amine, Alkane), 1242.5 - 1259.4 cm-1 (Aliphatic Amines), 
1037.9 - 1161.2 cm-1 Sulfoxides) and 559.7 - 673.1 cm-1 (Alkyl Ha-
lide) region in all agar samples [17-20]. The absorbance peak at 
701.8 - 930.0 cm-1 representing bending vibration of C−H group 
indicated the presence of amino acids [21]. The absorbance peak 
of medium band observed at 2273.4 cm-1 representing the stretch-
ing vibration of C≡C group. The carboxyl and hydroxyl functional 
groups are mainly found in polysaccharides and are primary con-
stituent of seaweeds found in all studied samples can be used in 
medicine [2]. The other chemical groups are characteristic of pres-
ent agar samples are Alkyne, Nitriles, Carbonyl Amide, Nitro, Aro-
matic alkane, alkane nitro methane and alkene [17,18,20,22]. The 
types of vibration were mostly stretch free, stretch and bending.

The carbohydrate and ash content in H. musciformis, H. pannosa 
and H. valentiae in the present study was low when compared with 
the previous study reported by Abbas., et al. [23] from Buleji and 
Sandspit of Karachi coast. The carbohydrate content of H. musci-
formis in the present work was also low when compared with an-
other previous study reported by El-Said and El-Sikaily [24] from 
Egypt but it was high when compared with same specie reported 
by Manivannan., et al. [25] from South east coast of India. 

Conclusion
The results from our study suggest that the agar extracted from 

H. musciformis, H. pannosa and H. valentiae found on our coast 
could be considered for further studies which are useful for phar-
maceutical industries. From the review of studies we concluded 
that marine environment possess many living resources but In 
Pakistan still we do not get benefits from the resources of seaweed, 
we should to utilize and take advantage from these resources. 
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