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ABSTRACT 
 The rhizospheric soils from eleven selected sites were collected on seasonal bases along with the 
available native host over a period of one year.  At every selected site, the collection method employed was 
the same, i.e.  rhizospheric soil cores from 5-10 different sites around roots of host plants were collected.  The 
collected soil/ rhizospheric soil cores were mixed thoroughly and were sub-sampled by repeated quartering 
and pooling opposite quarters (Ambler and Young, 1977). Fine root system of the native host species was also 
separated and collected for analysis of mycorrhizal status. The host as well as the rhizospheric soil were 
packed in labeled polythene bags separately and were brought to the laboratory of Shankarrao Mohite 
College, Akluj. 
 The rhizospheric soil collected during the three seasons i.e. rainy, winter and summer season from all 
the eleven sites after bringing to the laboratory were allowed to air dry.  These soil samples on air drying 
were then sieved through sieves of holes of 2 mm diameter and stored in labeled airtight plastic containers at 
4oC for further physico-chemical analysis and spore extraction. 
Usually arbuscular mycorrhizal fungi infected roots were observed in the upper 0-30 cm of the soil core.  For 
all plant roots studied for arbuscular mycorrhizal fungi, colonization root systems selected were fine, terminal 
and fresh/live. These “feeder roots”, which provide the obligate symbiont large surface area to interact with 
host plants.   
In small seedlings or plants, the entire root system was collected for the measurement of root colonization.  
Soil dispersion agents “sodium pyrophosphate” have been used to remove adhering soil particles to the fine 
root system.  Smaller root fragments were cleaned on sieve before assaying for arbuscular mycorrhizal 
colonization.  Then, roots were cut in 1-2 cm pieces and stored in individual vials containing FAA (formalin 1: 
acetic acid 1: alcohol 18).  
 
KEYWORDS: rhizospheric soils ,  arbuscular mycorrhizal fungi , obligate symbiont. 
 
INTRODUCTION :  
Assessment of arbuscular mycorrhizal colonization: 
a)   Clearing and staining roots (Phillips and Hayman, 1970):  

Roots samples stored in FAA were first washed with tap water repeatedly for complete removal of 
FAA traces and then placed in a small glass vial. These root samples dipped in 10% (w/v) KOH were then 
digested in autoclave for 15 min at 121oC.  Clearing time and temperature for digestion varied with plant 
species. KOH solution was then poured off and the roots were rinsed with tap water for at least 3-5 times to 
remove excess of KOH solution. These roots were then surface covered with 1% HCl, which was poured off 
after 3-5 min. 0.05% trypan blue in lactophenol stain (1:1) was added to the above processed roots for 
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A B S T R A C T

Skin of Centrolophus niger (black ruff) commonly referred as Medusa, is used for the extraction of Acid Soluble
Collagen. This is the first report of collagen extraction from skin of black ruff where lactic acid with 45% yield
proved to be efficient solvent. SDS-PAGE, UV visible absorbance, FT-IR and SEM analysis confirmed that ex-
tracted collagen is native type I. Extracted collagen showed emulsifying activity index as 20.24m2 g−1 and
emulsion stability index of 15.86 min. Collagen was used for the preparation of collagen-chitosan film which
could be used for food packaging purpose. Film incorporated with 5% pomegranate peel extract declined so-
lubility in water remarkably and showed antibacterial effect against food borne pathogens like Bacillus sapro-
phyticus LNB 333F5, Bacillus subtilis NCIM 2635, Salmonella typhi NCIM 2501 and Escherichia coli NCIM 2832.
Thus, present study deals with extraction and characterization of collagen from fish waste and its application in
the development of antibacterial active food packaging film.

1. Introduction

Fisheries and aquaculture sector has grown in several countries over
the recent years for economic development. The fish processing in-
dustries generates around 50–80% solid and liquid waste during nu-
merous processing stages. Such waste is not utilized, but landfilled,
burned or dumped in water bodies causing serious environmental
problems [1]. Nitrates and phosphates from fish waste stimulate algal
blooms and destruct aquatic life by reducing dissolved oxygen levels.
Thus, these traditional waste disposal methods have great impact on
environment by affecting terrestrial as well as aquatic ecosystem [2,3].
The utilization of fish processing waste is an important opportunity to
sustain environment. As per current scenario, waste utilization strategy
includes recovery of value added products from fish waste as it is po-
tential source of proteins, minerals, bioactive peptides, fish oils, en-
zymes, amino acids and so on. Fish skin, scales, fins and bones are rich
in type I collagen which serves as the major structural protein in ver-
tebrates.

Collagen has right-handed triple super-helical structure consisting
of three similarly sized left handed helical polypeptide chains with a
Gly-X–Y repeating motif, in which the X and Y positions are often oc-
cupied by proline and hydroxyproline, respectively. There are about 27
types of collagen reported so far. The collagen types were classified by
their size, function and distribution which differ considerably in their

amino acids composition. Type I collagen show two alpha (α1 and α2)
and single beta (β) chain. Generally, type I collagen has the highest
percentage and extensively applied in industry. It provides tensile
stiffness for tendons and fascia in organs.Collagen has unique ability to
form insoluble fibers with high tensile strength and stability [4]. Hence,
use of collagen is being increased in food, cosmetic, pharmaceutical,
tissue engineering and biomedical industries day by day because of its
excellent biodegradability, biocompatibility and weak antigenicity
[5,6]. Traditionally, primary sources of collagen were limited to land
based animals such as bovine and pigs. But in recent years, allergic
reactions and outbreak of bovine spongiform encephalopathy, trans-
missible spongiform encephalopathy, foot and mouth disease, ovine
and caprine scrapie and other zoonoses reduce their use for collagen
extraction [7,8]. Frequent use of collagen and its derived products thus,
demands newer and safer sources of collagen. Collagen from fish skin,
bone, fin and scales is used as gelling, stabilizing, foaming and emul-
sifying agent in food items. Similarly insolubility, biodegradability and
fibril forming capacity of collagen allow its use in active food packaging
material. Biopolymers are getting noticeable attention in food in-
dustries. Several biopolymers like chitosan, gelatin, banana starch,
agar, collagen and alginate had been employed in film preparation for
packaging [9–11]. Additionally, formation of blend using two or more
biopolymers yields superior packaging films with better physical and
mechanical properties [12]. Recently, many studies have been
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