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Abstract In fish and poultry processing, viscera are

generally considered as a waste product and often dis-

carded. Chicken and hilsa fish (Hilsa ilisa) viscera were

used for the production of polyunsaturated fatty acids

(PUFA) linoleic (18:2n-6), eicosapentaenoic (EPA; 20:5n-3)

and docosahexaenoic acid (DHA; 22:6n-3). Free fatty acids

(FFA) were extracted by alkaline hydrolysis of chicken and

fish viscera; yields were 5.2 and 5.9% (w/w) respectively.

PUFA concentrates were obtained by a two step process—

deduction of saturated fatty acids (FA) by low temperature

crystallization in acetone followed by urea inclusion com-

pound-based fractionation. Acetone treatment removed 90

and 96% of saturated FA in chicken and fish viscera

respectively with FA to acetone ratio of 1:12 (w/v). Using an

urea to FA ratio (w/w) of 4.0, chicken viscera produced a

maximum of 84.1% of PUFA concentrates containing 82.1%

of linoleic acid with a yield of 10% where as in the case of fish

viscera the maximum PUFA concentrates were 91.3% con-

taining 78.2% of EPA-DHA with the yield of 11%. Thus, the

utilization of poultry and fish processing waste into the

production of PUFA concentrates has been shown.

Keywords Viscera � Urea complex fractionation �
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Introduction

PUFA especially eicosapentaenoic acid (EPA; 20:5n-3)

and docosahexaenoic acid (DHA; 22:6n-3), have been

recognized for their biochemical role in health for the

prevention and treatment of several human diseases [1].

Similarly, absence of linoleic acid (LA; 18:2n-6) which is

an essential fatty acid (FA), in the diet is responsible for the

development of abnormalities such as diabetic neuropathy

rheumatoid arthritis, reproductive and autoimmune disor-

ders [2, 3].

Different methods are used for the production of PUFA

concentrates [4]. This includes supercritical fluid extraction

[5] in which the separation depends on the molecular size.

In the enzymatic method [6], the enzyme cannot hydrolyze

the ester bonds of EPA and DHA due to steric hindrance

resulting from five and six double bonds respectively. Urea

complexation [7] is a simple and efficient technique in

which the extent of linearity in the structure of FA assists in

the separation by getting trapped as a guest molecule in the

urea complex. Unsaturated FA are non-linear molecules

due to the presence of all cis bonds whereas saturated and

monounsaturated FA have an almost linear structure and

hence the latter can be easily trapped by the cavity of the

urea complex [8]. The advantage of a urea complexation

method is that crystals are extremely stable and filtration

does not necessarily have to be carried out at a very low

temperature which solvent crystallization of FA would

require [9].

The disposal of by-products generated from fish and

poultry processing is becoming a major problem for

industries causing environmental pollution and loss of

valuable nutrients [10]. The waste products of fish pro-

cessing often end up in landfills and consist of skin, heads,

frames and viscera. The average weight of hilsa fish viscera
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is about 7% of the total weight. In India chicken viscera are

discarded in large quantities ([1,80,000 ton/year) which

constitute nearly 30% of the total wastes [11]. A few

studies have shown that this processing waste could be

used as an animal feed [12–14] and also for the production

of oil [15] or biodiesel [16]. Although reports are available

on the FA profile of chicken viscera [17] and hilsa fish oil

[18], isolation of PUFA from these materials is as yet

unexplored.

In the present study, FFA were extracted by alkaline

hydrolysis of chicken and fish viscera. The extracted FFA

were used for the production of PUFA concentrates by low

temperature crystallization using acetone followed by urea

fractionation. Ultimately, the objective of this study was to

produce PUFA concentrates from the processing waste

viscera, by a two step process.

Materials and Methods

Materials

Chicken and hilsa (Hilsa ilisa) fish viscera were collected

from the local market at Kharagpur, West Bengal,

India. Fatty acid methyl ester standards (Supelco TM 37

Component FAME Mix, Catalog No. 47885-U) and BF3-

methanol reagent (14% BF3 in CH3OH, w/v) were pur-

chased from Sigma–Aldrich Chemical Co. Inc (St. Louis,

MO). Urea and other solvents were purchased from Sisco

Research Laboratory, Mumbai, India.

Extraction of FFA from Viscera

Extraction of FFA from chicken and fish viscera was car-

ried out by alkaline hydrolysis. Viscera (100 g) were added

to freshly prepared solutions of sodium hydroxide

(0.75 mol) in a mixture of water (80 mL) and ethanol

(120 mL). The mixture was refluxed under an inert atmo-

sphere for 2 h at 76–78 �C. The reaction mixture was

cooled to room temperature and carefully acidified with

HCl (4 N) to acidic pH (2–3) in a cold water bath. The

resulting FFA was extracted once with a 1:1 mixture of

hexane:diethyl ether. The organic layer was washed with

water thoroughly to a neutral pH and dried over anhydrous

sodium sulfate. The organic layer was concentrated by

rotary evaporation. Samples of three different chicken and

fish viscera were analyzed using the above method.

Acetone Treatment

FFA extracted from three different batches of chicken and

fish viscera were mixed and treated with acetone to remove

saturated FA. The separation was carried out by dissolving

the FFA in 12% (w/v) acetone followed by refrigeration at

-10 �C for 12 h. The solution was filtered through a

Buchner funnel and the FA were recovered from the filtrate

by evaporating the solvent with a rotary evaporator. These

FA were analyzed by Gas Chromatography (GC) and used

for further purification by urea fractionation.

Urea Fractionation

Acetone treated FFA (2 g) was added to different amount

of urea in 20 mL of 95% ethanol. The mixture was heated

with constant stirring with magnetic stirrer to give the clear

solution (74–76 �C). The urea–FA complex was allowed to

crystallize at room temperature by occasional shaking to

promote the formation of urea complexes. It was then kept

in a refrigerator at 5–7 �C for 18 h. Urea–FA crystals were

separated with a Buchner funnel and washed with non-

complexing solvent (iso-octane) to remove traces of the

filtrate. The filtrate was acidified with 4 N HCl followed by

extraction with hexane:diethyl ether (1:1). The extracted

organic layer was dried using anhydrous Na2SO4, con-

centrated on a rotary evaporator and further analyzed by

GC.

FA Analysis

FFA, 50 mg were mixed with 2 mL BF3-methanol reagent

and refluxed for 2 min. After cooling the solution, 1–2 mL

of water was added and then the FFA were extracted with

hexane. Finally the solvent was evaporated to get the

methyl ester. It was diluted with chloroform or hexane and

injected into the GC, where the GC oven temperature was

heated from 100 to 220 �C at 4 �C/min; Inlet and detector

temperatures were 240 and 250 �C, respectively and a DB

5 capillary column was used. The FA ester peaks were

identified and quantified by comparing their retention times

and peak areas with those of the corresponding standard

methyl esters.

Statistical Analysis

Results were expressed as the mean of three sets of

experiments. The data expressed in tables was analyzed by

one-way ANOVA (Windows Excel program) where the

differences were considered to be significant at P \ 0.05.

Results and Discussion

The FFA obtained from the extraction of chicken and fish

viscera were 5.2 and 5.9% (w/w), respectively. The aver-

age FA profile of chicken viscera was found to be, C16:0

(16.5%), C18:0 (5.0%), C16:1 (6.1%), C18:1 (38.4%),
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C18:2 (17.8%) and others (16.2%) whereas of fish viscera

it was found to be C16:0 (33.9%), C18:0 (8.9%), C16:1

(5.8%), C18:1 (28.3%), C20:5 (7.5%), C22:6 (3.4%) and

others (12.2%). These FFA lipids contain saturated as well

as unsaturated FA, in which palmitic and stearic acid are

the main saturated FA present in both chicken and fish

viscera. Based on previous reports [17, 19], acetone is the

most suitable and commonly used solvent for separation of

saturated and unsaturated FA. In this study the same sol-

vent was also used to remove saturated FA by adopting the

low-temperature crystallization method. Since saturated

FA are solid in nature due to the compact packing of its

straight chain rather than unsaturated FA which are liquid

in nature, the former gets crystallized in acetone at low

temperatures. The yield of FA (w/w) obtained after acetone

treatment was 68% for chicken viscera and 49% for fish

viscera. Table 1 includes the percentage composition of FA

of chicken and fish viscera before and after acetone

treatment.

Urea complexes were formed by addition of FFA to the

solution of urea in alcohol. Exothermic complex formation

was initiated by allowing the solution to cool; occasional

shaking promoted the formation of hexagonal crystals with

FA rather than the tetragonal crystals of pure urea. The

amount of urea used for the crystallization removed the

maximum amount of monounsaturated FA to leave a

greater percentage of PUFA in the filtrate or non-urea

complexed fraction (NUCF); however, the percentage

recovery of NUCF diminished. In this present case urea

was used to remove mainly monounsaturated FA which

was left in solution after the acetone treatment. The degree

of saturation in the FA molecule results its inclusion in the

crystal lattice of urea; the more unsaturated, the less will be

the possibility of their inclusion into the urea crystals [20].

Urea complexation with FA was carried out at various

urea to FA ratios from 2 to 4 (Tables 2, 3) shows the

reduction in the recovered saturated and monounsaturated

FA with the increase in the urea level. In chicken and fish

viscera, the decrease was up to 61–91 and 85–95% of

saturated FA in the NUCF, similarly in the case of

monounsaturated FA it was 87–98 and 96–99% respec-

tively. Consequently there is an increase in the percentage

of PUFA in NUCF. Using a 4:1 ratio of urea to FA, chicken

Table 1 Fatty acid composition (%) of chicken and fish viscera

before and after acetone treatment

Viscera Saturated Mono-

unsaturated

Total PUFA

Chicken 26.3 ± 2.59 53.8 ± 2.92 19.9 ± 0.81 (18.7 ± 0.79)b

Chickena 3.9 ± 0.28 70.1 ± 4.03 26.0 ± 1.27 (25.4 ± 1.29)b

Fish 48.8 ± 3.61 38.9 ± 1.96 12.3 ± 1.00 (10.9 ± 0.84)c

Fisha 4.2 ± 0.39 73.0 ± 3.3 22.8 ± 1.69 (18.3 ± 1.47)c

a Fatty acid left after acetone treatment
b Linoleic acid
c EPA-DHA

Table 2 Effect of urea/fatty acid ratio on fatty acid composition (%) of urea concentrates from chicken viscera

Urea/FFA (w/w) 2.0 2.5 3.0 3.5 4.0

Saturated 4.8 ± 0.07 4.3 ± 1.47 3.8 ± 0.52 3.7 ± 1.29 3.4 ± 0.12

Mono-unsaturated 27.5 ± 4.27 25.5 ± 2.41 24.7 ± 3.25 17.4 ± 3.01 12.5 ± 2.44

PUFA 67.7 ± 5.43 70.2 ± 4.27 71.5 ± 4.53 78.9 ± 2.08 84.1 ± 3.64

Linoleic acid 64.9 ± 0.84 66.7 ± 3.01 70.5 ± 3.87 77.0 ± 2.91 82.1 ± 2.79

Yield of NUCF (%) 32 – 3.6 22 – 3.3 17 – 1.5 13 – 1.0 10 ± 0.9

Recovery of linoleic acid in NUCF (%) 81.8 57.8 47.2 39.4 32.3

Significant differences are shown in bold (P \ 0.05)

Table 3 Effect of urea/fatty acid ratio on fatty acid composition (%) of urea concentrates from fish viscera

Urea/FFA (w/w) 2.0 2.5 3.0 3.5 4.0

Saturated 3.0 ± 0.61 2.7 ± 1.71 2.6 ± 1.09 2.4 ± 2.71 1.8 ± 2.17

Mono-unsaturated 13.8 ± 2.91 10.9 ± 4.39 7.8 ± 1.93 7.7 ± 1.75 6.9 ± 4.27

PUFA 83.2 ± 4.36 86.4 ± 1.63 89.6 ± 2.56 89.9 ± 2.91 91.3 ± 4.71

EPA 45.9 ± 0.39 46.0 ± 1.39 44.9 ± 2.73 44.8 ± 0.25 43.4 ± 3.01

DHA 23.6 ± 1.51 26.8 ± 2.01 30.0 ± 1.75 31.6 ± 2.91 34.8 ± 3.36

EPA-DHA 69.5 ± 2.08 72.8 ± 4.09 74.9 ± 2.68 76.4 ± 4.81 78.2 ± 4.89

Yield of NUCF (%) 21 – 2.7 18 – 2.8 15 – 1.0 13 ± 0.5 11 ± 0.6

Recovery of EPA-DHA in NUCF (%) 79.7 71.6 61.6 54.3 47.0

Significant differences are shown in bold (P \ 0.05)

J Am Oil Chem Soc (2011) 88:589–593 591

123



and fish viscera produced 84.1 and 91.3% of PUFA con-

centrates in NUCF respectively. Although the total PUFA

content in chicken viscera (26.0%) after the acetone

treatment was more than that of in fish viscera (22.8%)

(Table 1); the PUFA content in NUCF was higher in fish

viscera as compared to that of chicken viscera in all urea to

FA ratios. This may be due to the greater extent of un-

saturation present in fish viscera containing PUFA (EPA-

DHA) than that of chicken viscera (linoleic acid).

A yield of 10% linoleic acid was obtained from the FFA

of chicken viscera of 82.1% purity along with other PUFA

(DHA and linolenic acid). The total yield of EPA-DHA

obtained from FFA of fish viscera was 11% of 78.2% along

with other PUFA (alpha linolenic acid, n-3; Docosapenta-

enoic acid, n-3; hexadecadienoic acid, n-4). The overall

purity of linoleic acid was higher as compared to EPA-

DHA due to the presence of a higher amount of other

PUFA in fish viscera as compared to chicken viscera. Zuta

et al. [21] reported the production of PUFA from mackerel

processing waste in which they got 73.2% PUFA concen-

trates by applying an urea to FA ratio of 3.5; whereas in the

present study 89.9% of PUFA concentrates were obtained

from the same urea–FA combination. This could be due to

the presence of a higher amount of PUFA in the substrate.

Zuta et al. [21] performed urea fractionation directly on the

substrate containing 15.2% of PUFA, but in the present

study it was initially increased by acetone treatment up to

22.8%.

Production of PUFA by acetone treatment followed by

urea fractionation (Fig. 1) as described above involves

simple separation technology and requires low energy

efficiency. Moreover the procedure involves environment

friendly operating conditions and inexpensive renewable

materials such as urea and ethanol [22] for separation.

These waste products are an excellent source of PUFA and

can be purified to a greater extent by optimizing the other

parameters in the urea complex fractionation [23].

In conclusion, this report demonstrates the importance

of poultry and fish processing waste. The use of this waste

material (viscera) can be commercialized for the produc-

tion of PUFA concentrates via acetone treatment and urea

inclusion fractionation which has potential value for large-

scale production. The described method can also be applied

to other biowaste containing adequate amounts of PUFA to

get their concentrates.
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