Available online at http://journal-of-agroalimentary.ro

JAP&ET

B

TPA-Timisoara

Journal of
Agroalimentary Processes and
Technologies

Journal of Agroalimentary Processes and
Technologies 2018, 24 (3), 177-184

Effects of dietary inclusion of cassava peel meal on functional
properties of chicken egg in duration of storage

O. A. Ogunwolel!, A. Samireddypalle?, T. B. Daramolal, A. O. Mosuro?, O. D. Oshibanjo?

1Agricultural Biochemistry and Nutrition Unit, Department of Animal Science, University of Ibadan, Ibadan, Nigeria
2International Livestock Research Institute, c/o International Institute of Tropical Agriculture, lbadan, Nigeria
3Animal Products and Processing Unit, Department of Animal Science, University of Ibadan, Ibadan, Nigeri

Abstract

Effect of dietary inclusion of cassava peel meal on functional properties of chicken eggs in days of
storage was evaluated. Issa Brown layers (n=2400), aged 36 weeks were randomly allotted to two
dietary treatments of 1200 birds each. Control (T1) was corn-soya diet while T2 had 5% corn replaced
with cassava peel mash and were fed ad libitum to respective birds for six weeks. Eggs (n=150) were
sampled, stored at ambient conditions and functional properties as well as lipid oxidation monitored at
days 0, 7, 14, and 21. Bulk density (9.75+0.94-10.00+1.42), emulsion activity (51.83+1.00-
52.00+1.41), lipid oxidation (0.91£0.14-0.96+0.06) increased while foaming capacity (15.17+5.78-
4.17+4.26), foaming stability (8.00£6.63-3.75+£2.72), water absorption capacity (1.53%0.78-
1.441+0.89), water retention capacity (1.66+1.06-1.48+0.90), oil absorption capacity (1.39+0.89-
1.38+0.93), oil retention capacity (0.99+0.74-1.16+0.73) decreased in days of storage (DOS).
Interaction of DOS and diets affected (P<0.05) foaming capacity and stability of eggs. Dietary cassava

peel meal enhanced foaming capacity and lipid oxidation in chicken eggs.
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1. Introduction

Cassava and cassava products could keep pace with
increasing poultry production in terms of serving as
alternatives to other scarce and often unavailable
conventional energy feedstuff like maize and other
cereals [9]. Cassava as energy source in poultry diets
have been widely reported [1-3,5, 15, 37].

Cassava peels are agro-industrial by product of
cassava production which is always abundant where
cassava are processed into human foodstuff. They
are generated from the two outer coverings of the
cassava roots before processing into other products.
Cassava peels poses a serious disposal problem
particularly due to the increased production of
cassava products in Nigeria [30]. Cassava peel is
predominantly carbohydrate with low protein
content [25] and could constitute an important feed
resource if properly harnessed biotechnologically.
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Dietary cassava peel when fed to starter and finisher
broilers at levels of between 0 and 30 percent
replacement of maize increased feed intake, reduced
body weight gain, and reduced nutrient utilization
[36]. Also, inclusion of up to 27% cassava peels at
the expense of maize resulted in satisfactory feed
intake, egg production and feed per unit egg
produced [36]. It was noted that feed conversion was
consistently more efficient with rations based on
cassava peel compared with maize control.

Despite researches and emphases on performance of
laying chickens when fed cassava based rations [4,
29], not much have been on effects of such diets on
eggs characteristics and composition in days of
storage. alterable

Internal egg component was reported alterable by
poultry feeding practices) [4, 22, 23, 26, 34]. During
storage, as the vitelline membrane degenerates,
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water enter the yolk causing mottling afterwards,
albumen proteins also enters the yolk increasing the
severity of mottling after prolonged storage [21].
Storage time was reported to affect the degree of
egg yolk mottling [10]. Storage time is also one of
the crucial factors which affect the severity of
albumen quality [33]. In most parts of developing
countries, table eggs are stored at ambient
temperature until they are sold or consumed.
Prolonged storage influences internal egg quality if
the environment in the storage room is inadequate
[38].

There have been reports [1-3,5, 15, 37] on effects of
whole cassava meal and by products on performance
of laying chickens without emphases on quality
characteristics of eggs. Recent attempts at
documenting effects of diets of chicken on egg
characteristics in days of storage ended with the
chemical composition [30] with, very scanty reports
[1] on functional properties of egg white.
Information on functional properties (emulsification,
thickening, foaming and moisturizing) are of primal
considerations and cardinal to egg use in industrial
production of many human food products [13, 8].
Thus, the present endeavour was aimed at assessing
the functional properties of eggs collected from
chicken fed cassava peel meal based diets in days of
storage

2. Materials and Methods

Experimental sites and Experimental Birds: The
study was carried out at the International Livestock
Research Institute located inside the International
Institute of Tropical Agriculture (IITA), Ibadan,
Nigeria and in Meat Science Laboratory,
Department of Animal Science, University of
Ibadan, Ibadan, Nigeria. The sites are within the
geographical location of longitude 7.25° and latitude
53.74°% Isa Brown layers (n=2,400) aged 36 weeks
were randomly allotted to two dietary treatments of
1, 200 birds each.

Experimental diets: Cassava peels were sourced
from villages and Gari processing unit in Oyo State.
The fresh peels were collected and grated. The
grated peel was de-watered using a hydraulic press,
and left overnight. The fermented cake was sieved
and dried. Two diets were formulated, the control
diet which was a maize-soy based diet and the
experimental diet which contained 5% cassava peel
meal. The gross composition of diets is shown in
Table 1
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Birds' Management and Eggs collection:
Experimental birds were in cages and were
maintained under standard management practices
with free access to experimental diets and water for
6 weeks. The control group was fed standard corn-
soya diets while treatment group had its corn
content replaced with 5% cassava peel meal At
week 42, 150 eggs were randomly collected from
each treatment and were kept in ambient condition
until analysed.

Functional Properties determination: At the day of
egg sampling (which corresponds to 0 day of
storage) a total of 15 eggs per treatment were
randomly selected from sampled eggs and analysed.
Eggs were homogenized and oven dried at 60°C for
48 hours. The process was repeated at days 7, 14,
and 21. The foaming capacity and stability were
determined using the method of Coofman and Garcia
(1977) [41]. Emulsion activity was determined with
the method of Damodaran S. (2005) [12]. Bulk
density was according to Narayana and Narasinga
(1984) [42] while water and oil absorption/retention
capacities were determined using the method of
Sefa-Dedeh et al. (2004) [40].

Statistical Analysis: Data were subjected to
descriptive statistics, regression and T-test using by
SAS (2000) software.

3. Results

Effect of dietary inclusion of cassava peel on
functional properties of chicken eggs: The effect of
partial replacement of maize with cassava peel meal
(CPM) in diets for layers on functional properties
of chicken eggs is shown in Table 2. There was no
significant difference (P>0.05) in bulk density and
emulsion activity of the control (maize-based) and
experimental (cassava peel meal based) diets.
Foaming capacity however, differed significantly
(P<0.05) with treatments. Eggs collected from
layers fed experimental diet had significantly higher
(P<0.05) foaming capacity (%) (14.92) compared
with those on control diet (12.50). Foaming
stability of eggs from layers on control (maize-
based) and experimental (cassava peel based) diets
was similar (p>0.05). Also, there was no significant
difference in water absorption capacity and water
retention capacity (P>0.05) between the control
(maize-based) and experimental (cassava peel meal
based) diets. Oil absorption capacity and oil
retention capacity of eggs were not affected
significantly (P>0.05) by treatments.
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Table 1. Gross composition of the Experimental diet (%) fed to layers

Ingredients Control Experiment (CPM)
Maize 55.50 50.50
Soya oil 1.70 1.70
Wheat middling 0.25 0.45
Soybean meal extraction 293 29.00
Cassava peel meal 0.00 5.00
Limestone 9.94 10.04
Salt 0.35 0.35
Vitamin-mineral premix and amino acid (lysine and methionine) 1.06 1.06
Dicalcium phosphate 1.90 1.90
Total 100 100
Calculated composition

Crude Protein (%) 17.50 17.10
Metabolizable Energy (MI/Kg) 2753 2707

*Premix composition: Vitamin A, 200 000.00 1U, Vit. D3, 40 000.00 1U, Vitamin E (mg) 460, Vitamin K3 (kg) 40,
Vitamin B1 (mg) 60, Vitamin B2 (mg) 120, Niacin (mg) 1 000, Calcium pantothenate (mg) 200, Vitamin B6 (mg) 100,
Vitamin B12 (mg) 05, Folic acid (mg), 20, Biotin (mg) 1, Chlorine chloride (mg) 8 000, Manganese (mg) 2 400, Iron
(mg) 2 000, Zinc (mg) 1 600 Copper (mg) 170, lodine (mg) 30, Cobalt (mg) 6, Selenium (mg) 24, Anti-oxidant (mg) 2

400.

Table 2. Effect of dietary inclusion of cassava peel for layers on functional properties of eggs
Parameter Control Experiment SEM
Bulk density (g/mL) 9.125 10.127 0.315
Emulsion activity (%) 52.500 52.833 0.398
Foaming capacity (%) 12.5000 149172 1.447
Foaming stability 7.542 7.833 1.197
Water absorption capacity (g) 1.360 1.348 0.146
Water retention capacity (g) 1.300 1.320 0.177
Oil absorption capacity (g) 1.467 1.264 0.166
Oil retention capacity (g) 1.096 1.154 0.155

Means along the same rows with different superscripts are significantly different (p<0.05)

Effect of duration of storage on the functional
properties of chicken eggs: Effect of feeding
cassava peel meal based diets to layers on eggs
functional properties in days of storage is shown in
Table 2. At day 7 of storage, bulk density was
significantly  lowered  (P<0.05)  (8.253g/ml)
compared with those at days 0, 14 and 21. The bulk
density of eggs at day 14 was significantly higher
(10.500g/mL) (P>0.05) compared with days 0 and
21. Emulsion activity (%) was higher (P<0.05) at
14 (54.833) compared with 0 (51.83), 7 (52.00) and
21(52.00) DOS. Emulsion activity (%) of egg at day
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0 was lower (51.833) and similar (P>0.05) to values
at 7 and 21 DOS.

Foaming capacity was not affected significantly
(P>0.05) in DOS of chicken eggs. Foaming stability
was higher (P<0.05) (10.00) at 14 DOS, compared
with 0 and 21 DOS. Egg foaming stability at day 21
was lower (3.750) and differed (P<0.05) from
values obtained at 0, 7 and 21 DOS. Water
absorption, water retention capacity, oil absorption
and retention capacity of chicken eggs were not
affected in DOS.
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Table 3. Effects of duration of storage on the functional properties of chicken eggs

Parameter 0 Day 7 days 14 days 21 days SEM
Bulk density (z/mL) 9.750a 8.253b 10.500 10.0003 0.315
Emulsion activity (%) 51.8330 52.0000 54.833a 52.000° 0.398
Foaming capacity (%) 15.167 20.000 15.500 4.167 1.447
Foaming stability 8.000° 9.0002 10.0002 3.750¢ 1.197
Water absorption capacity (g) 1.527 1.242 1.206 1.441 0.146
Water retention capacity (g) 1.660 1.292 0.805 1.483 0.177
Oil absorption capacity (g) 1.385 1.335 1.361 1.382 0.166
Oil retention capacity (g) 0.991 1.405 0.946 1.159 0.155

Means along the same rows with different superscripts are significantly different (p<0.05)
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Figure 1. Effects of interaction of diets based on cassava peal meal and duration of storage on bulk density and
emulsion activity chicken eggs
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Figure 2. Effects of interaction of diets based on cassava peal meal and duration of storage on water/oil absorption and
retention capacity of chicken eggs

180



O. A. Ogunwole et al. / Journal of Agroalimentary Processes and Technologies 2018, 24(3)

Table 4. Effects of interaction of diets based on cassava peal meal and duration of storage on foaming capacity and
stability of chicken eggs

Duration of Diets
Parameters Storage
Control Experiment

Foaming Capacity 0 10.00°C 20.3322
7 20.0024 20.0022
14 12.00%8 19.0024
21 08.0022 00.33 &

SEM 1.395 2.557
Foaming stability 0 02.00¢C 14.0024
7 16.0024 02.0048
14 06.00°8 14.0024
21 06.17 01.334B

SEM 1.573 1.874

Effects of interaction of cassava peal meal based
diets and duration of storage on functional
properties of chicken eggs: Effect of interaction of
diets based on cassava peel meal and duration of
storage on bulk density and emulsion activity of
chicken eggs is shown in Figure 1. There was no
significant effect (P>0.05) of interaction on bulk
density and emulsion activity of chicken eggs.

Effect of interaction of diets based on cassava peel
meal and duration of storage on water absorption
and retention capacity of chicken eggs is shown in
Figure 2. There was no significant (P>0.05) effects
of interaction of diets in DOS on water absorption
and retention capacities of chicken eggs. There was
also, no significant effects (P>0.05) of interaction of
diets and duration of storage on oil absorption and
retention capacities of chicken eggs.

Effect of interaction of diets and DOS on foaming
capacity and foaming stability of chicken eggs is
shown in Table 4. In DOS, effects of interaction
with diets on foaming capacity of eggs varied
significantly (p<0.05). However, at seven DOS,
there was no significant difference (P>0.05) in
foaming capacity of eggs from hens on control diet
(20.00) and those from experimental diet (20.00)
(p>0.05). There was significantly lower (P<0.05)
foaming capacity of stored eggs from hens on
control diet at 21 (8.00%) DOS compared with
those from experimental diets (0.33%).
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There were significant differences (p<0.05) in
foaming stability of eggs from the control and those
of experimental diets in DOS. Also, there were
significant differences (P<0.05) in foaming stability
of eggs at 0 (2.00, 14.00) and 7 (16.00, 2.00) DOS
for both eggs from control and experimental diets,
respectively. Lower foaming stability of eggs was
observed on 14 (6.00) and 21 (1.33) DOS, for hens
fed control and experimental diets, respectively.

4. Discussion

Functional properties of chicken eggs: Eggs from
hens fed the experimental diet (14.92) had higher
foaming capacity (%) compared with those on
control diet (12.50). Johnson and Zabik (1981) [21]
showed that egg white globulins were responsible
for egg foam formation. Egg white has good
foaming properties due to the fact that all of its
protein components; ovalbumin, ovotransferrin,
lysozym, ovomucoid, and ovomucin as well as their
interactions have different roles in foaming
formation and stabilisation [6]. The ability of
protein to form and stabilize foam is related to its
ampiphilic  behaviour (polar/non polar) [14].
Changes in nutritional properties of these egg
proteins may result in detrimental changes in
functional properties of egg white products [31]. In
this study, foaming property was higher in
experimental diet which obviously was due to
inclusion of cassava peal meal in layers diet.
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Cassava is reportedly high in carbohydrate,
particularly, in the level of glucose [35-37]. It was
documented ( [16] that nutritional component of egg
could be influenced by diet. Sucrose is known to
have a positive effect on foaming attributes [12, 26,
32].

Foam stabilisation of proteins occurs due to their
amphilic behaviour (polar/non-polar) [14]. Albumen
has been identified as the egg protein based foaming
or whipping agent in food industry [24]. The
foaming properties of albumen are affected by
several factors, such as protein concentration [7],
composition [22], pH [18], heating, presence of
salts, and composition of the liquid phase [14],
which affects the formation of film and its
properties on the interface, the behaviour of proteins
on air-water interfaces influences the formation and
stability of foam [14]. During storage, ovalbumin is
altered to s-ovalbumin, an extra heat-stable form
(denaturation at 92.5°C) in comparison to
ovalbumin (denaturation at 84.0°C); pH and
temperature also affect the s-albumin formation
[43]. The conversion of ovalbumin to the extra
stable form s-ovalbumin results from differences in
the structure of covalent bonding [39].

As the pH increases, part of the egg white
ovalbumin is transformed into s-ovalbumin. In view
of this, the amount of ovalbumin in the egg white
decreases, and this could interfere with the
formation of a cohesive film on the air-water
interface, causing a decrease in foam stability. The
volume of drained liquid increased and the foam
stability decreased with increasing s-ovalbumin
contents. From this study, foaming stability
increased in DOS 0, 7 and 14 but reduced at day 21;
which corroborates earlier study [6] on evaluation
of effects of storage periods and two temperatures
on poultry eggs. The increase in foaming stability
does not fully prove the explanation regarding the
properties of s-ovalbumin, but properly illustrated
how little changes in a given protein could
significantly affect its properties.

Also, the foaming properties reduced in DOS, this
can be due to the films become progressively
thinner and ruptured, and the fluid loss by lamellar
water drainage, resulting in a foam collapse during
storage period [20].

The emulsification properties of food materials are
necessary for the stability of the suspension of one
liquid in another.
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The yolk portion of an egg contains high lecithin
and lipid contents which impart a tenderising and
emulsifying effect to the product. When the egg was
beaten, lecithin is a protein which encircles the
peripheries of the air bubbles formed and so protects
them from bursting during baking process [8,29]. In
this study, emulsion activity increased in DOS. This
may be due to the presence of proteins and lipids
(lecithin) found mostly in the yolk which must have
contributed to the higher emulsification properties.

Yolks are generally recognized for the role of
lipoproteins in forming and stabilizing emulsion
potentials) [27]. These properties are useful in foods
such as shortened cakes and mayonnaise. However,
the emulsion activity declined at 21 DOS. This may
be due to decline in the quality of the vitelline
membrane during egg storage, making the yolk
more susceptible to breaking) [28] and also during
storage, moisture from egg is lost through
evaporation at a rate that is influenced by
temperature of the storage environment [28].
Methods for preparing these emulsions and testing
their stability have varied greatly [11, 19, 20].

4, Conclusion

Eggs from layers fed 5% cassava peel meal had
increased foaming capacity and lipid oxidation
compared with those collected from corn-soya diet.
The lipid oxidation was increased by the interaction
of diet and duration of storage. This indicates that
cassava peel meal contributed positively to the
foaming properties of chicken eggs and
accompanying lipid oxidation which enhanced egg
rancidity.

Aknowledgement: Authors are highly appreciative of
the laudable as well as indelible assistance of all Staff
and Management of Amo Byng Farms, Awe, Oyo State,
Nigeria in the actualisation of this masterpiece.

Compliance with Ethics Requirements. Authors
declare that they respect the journal’s ethics
requirements. Authors declare that they have no conflict
of interest and all procedures involving human / or
animal subjects (if exist) respect the specific regulation
and standards.

References

1.  Aderemi, F. A. Tewe, O. O. and Ogundola, F. 1.,
Metabolizable Energy of Supplemented and
Unsupplemented Cassava Root Sieviate in Cassava
Based Diet of Pullet Chicks. Trop.Anim.Prod.
Invest., 2000, 3. 107-115.



O. A. Ogunwole et al. / Journal of Agroalimentary Processes and Technologies 2018, 24(3)

10.

11.

12.

13.

14.

15.

16.

Aderemi, F. A, Lawal, T. E. and lyayi, E. A.
(2006). Nutritional Value of Cassava Root Sieviate
and Its Utilization by Layers. The Journal of Food
Tech in Africa, 2006, 4(3), 216-220.

Agwunobi, L. N. and Okeke, J. E., Metabolisable
energy of some improved cassava cultivars for
broiler chicken. African Journal of Root Tuber
Crops, 2000, 4, 35-37.

Ahmed, M. C. and Abdelati, K. A. (2009). Effect of
dietary graded levels of Leucena leucocephala
seeds on layers performance, egg quality and blood
parameters. Int. J. Poult. Sci., 2009, 8, 475-479.
Akinfala, E. O., Aderibigbe, A. O. and Matanmi,
0., Evaluation of the nutritive value of whole
cassava plant as replacement for maize in the starter
diets for broiler chicken. Livestock Research for
Rural Development, 2002, 14, 1-6.

Alleoni A. C. C., Albumen protein and functional
properties of gelation and foaming. Scientia
Agricola, 2006, 63, 291-298.

Britten, M. and Lavoie, L., Foaming properties of
proteins as affected by concentration. Journal of
Food Science, 1992, 57, 1219-1222.
Bueschelberger, H. G., Lecithins. Edited by
Whitehurst, J. R; emulsifiers in Food Technology.
Blackwell publishing Ltd., Oxford. pp., 2004, 1-22.
Chauynarong, N., Elangovan, A.V.,Assnd lji, P. A,
The Potential of Cassava Products in Diets for
Poultry. J. poult.sci., 2009, 81,185-186.

Coutts, J. A. and Wilson G. C., Egg Quality Hand
book. Queensland Department of primary
industries, 1990, Austrialia.

Cunningham, F. E. (1976). Composition and
functional properties of mottled yolks. Poult. Sci.,
1976, 55, 994-998.

Damodaran S., Protein stabilization of emulsions
and foams. Journal of Food Science, 2005, 70, 54-
66.

Desrosier, N. W., Elements of Food Technology.
AVI Publishing Coy., 1977, India.

Du, L., Prokop A. and Tanner, R. D., Effect of
denaturation by preheating on the foam
fractionation behaviour of ovalbumin. Journal of
Colloid and Interface Science, 2002, 248, 487-492.
Eruvbetine, D., Tajudeen, I. D., Adeosun, A. T. and
Oloyede, A. A., Cassava (Manihot esculanta) leaf
and tuber concentrate in diets for broiler chickens.
Bioresource Technology, 2003, 86, 277-81.

Fraeye, I., Bruneel, C., Lemahieu, C., Buyse, J.,
Muylaert, K. and Foubert, 1., Dietary enrichment of
eggs with omega-3 fatty acids: a review. Food
Research International 2012, 48, 961-969.

183

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Gomez, E., Souza, S. R., Grandi, R. P. and Silva, R.
D., Production of thermostable glucoamylase by
newly isolated Aspergillus Flavus Al.1 and
thermomyces Lanuginosus A13.37. Brazilian
Journal of Microbiology, 2005, 36, 75-82.
Hammershgj, M., Prins, A. and Qvist, K. B.,
Influence of pH on surface properties of egg
albumen solutions in relation to foaming behaviour.
Journal of the Science of Food and Agriculture,
1999, 79, 859-868.

Harrison, L. J. and Cunningham, F. E., Influence of
salt on properties of liquid yolk and functionality in
mayonnaise. Poult. Sci., 1986, 65, 915-921.

Herald, T. J. and Smith, D. M., Functional
properties and composition of liquid whole egg
proteins as influenced by pasteurization and frozen
storage. Poult. Sci., 1989, 68, 1461-14609.

Johnson, T. M. and Zabik, M. E., Egg albumen
proteins interactions in an angel food cake system.
Journal of Food Science; 1981, 46, 2071- 2083.
Juturu, V., Omega 3 - fatty acids and the
cardiometabolic syndrome. J. cardio-metabolic
syndrome. 2008, 3, 244-253.

Khan, R. U., Naz, S., Nikousefat, Z., Selvaggi, M.,
Laudadio, V. and Tufardi, V., Effect of ascorbic
acid in heat stressed poultry. World’s Poult. Sci. J.,
2012, 68, 477-490.

Li-Chan, E. and Nakai, S., Biochemical basis for the
properties of egg white. Crit. Rev. Poult. Biol.,
1989, 2, 21-59.

Llano, D. R., Lopez, D. M. and Mora, F. C.,
Essential potential of orange fruit wastes
(Citrussinensis).  Revista  Ciencias  Tecnicas
Agropecuarias., 2008, 17(2), 41-44

Lomakina K. and Mikova K., A study of the factors
affecting the foaming properties of egg white: a
review. Czech Journal of Food Sciences, 2006, 24,
110-118. Macmillan Press, London.

Marques, M. B., Development of some high protein
conventional foods based on wheat and oil seed
flour. J. Food Sci. Technol., 2000, 37(4), 394-399.
Nadia, N. A. A, Bushra, S. R. Z., Layla, A. F. and
Fira, M. A., Effect of coating materials (gelatin) and
storage time on internal quality of chicken and quail
eggs under refrigeration storage Poultry Science,
2012, 32 (1), 107-115.

Okezie, B. O. and Bello, A. B., Physicochemcal and
functional Properties of winged bean flour and
isolate compared to soy isolate. J. Food Sci., 1988,
53(2), 450-454.

Otukoya, F. K. and Babayemi, O. J,
Supplementation of Leucaena leucocephala hay as
protein enrichment for cassava peels in West Africa
dwarf goats. J. Of F., Agric.&Env., 2008, 6, 247-
250.



O. A. Ogunwole et al. / Journal of Agroalimentary Processes and Technologies 2018, 24(3)

31.

32.

33.

34.

35.

36.

Promthong, S. Kanto, U. Tirawattanawanich, C.
Tongya, S. lIsariyodom, S. Markvichitr, K. and
Engkagui, A., Comparison of nutrient composition
and carbohydrate fractions of corn, cassava chip and
cassava pellet ingredients: In Proceedings of the
Kanyinji and Moonga/ J. Adv. Vet. Anim. Res.,
2005, 1(3), 100-106, 43rd annual conference of the
Kasetsart University, Thailand, 1-5.

Raikos, V., Campbell, L., Euston, S. R., Effects of
sucrose and sodium chloride on foaming properties
of egg white proteins. Food Research International,
2007, 40, 347-355.

Samli, H. E., Agma, A. and Senkoylu, N., Effets of
storage time and temperature on egg quality in old
laying hens. J. Appl. Poult. Res., 2005, 14, 548-553.
Singh, V. P. and Sachan, N., Designer eggs: A
smart approach for health conscious persons. J.
Poult. Planner, 2010, 11, 21-23.

Silva, H. O., Da Fonseca, R. A. and Guedes, R. D.
(2000). Production traits and digestibility of cassava
leaf meal in broiler diets with or without addition of
enzyme. Revista Brasileira de Zootecnia, 2000, 29,
823-829.

Tewe, O. O. and Egbunike, G. N., Utilization of
Cassava in Non Ruminant Livestock Feed.
Proceedings, 1992.

184

37.

38.

39.

40.

41.

42.

43.

Tewe, O. O. and Egbunike, G. N., Utilization of
cassava in non-ruminant livestock feeds. In
Proceedings of the workshop on potential utilization
of cassava as livestock feed in Africa Ibadan, 2005,
28-30.

Van N., Egg quality. Low input Breed technical
note. 2014, Download at www.lowinputbreed.org.
Zabik, M., Eggs and products. In: Bowers J. Food
theory and applications. 2.ed. New York:
Macmillan Publishing Co., 1992, 359-424.
Sefa-Dedeh Samuel, Cornelius Beatrice, Dawson
Sakyim Estherm, Afoakwa Emmanuel Ohene,
Effect of nixtamalization on the chemical and
functional properties of maize, Food Chemistry,

2004, 86(3), 317-324,
https://doi.org/10.1016/j.foodchem.2003.08.033;
Coffmann, CW., V.V. Garciaj, Functional

properties and amino acid content of a protein
isolate from mung bean flour, Int. J. Food Sci.
Technol., 1977, 12, 437-484

Narayara, K., R.M.S. Narasing, Effect of patial
hydrolysis an winged bean (Psophecocarus
tetragonolobus) flour, J.Food Sci., 1989, 49, 944-
947

Vadehra D. V., K. R. Nath, Richard Forsythe,
Eggs as a source of protein, Journal C R C Critical
Reviews in Food Technology, 1973, 4(2), 193-309


https://doi.org/10.1016/j.foodchem.2003.08.033

