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Abstract—The study was conducted to determine the growth
performance of the Rhode Island Red Chicken fed
duckweed meal as a protein ingredient of the organic feeds
for free-range chicken. The 75-day old experimental birds
were subjected to the three (3) dietary treatments consisted
with the control, 10%, and 15% duckweed meal of cornduckweed meal based organic chicken diets. The nutrient
composition of the experimental diets was 14.0% CP, and
2639-2697 ME, kcal kg-1. The feed consumption, FCR, gain
in weight, final weight, ADG, average cost per kg of LW
produced, mortality rate, and haematology values which
include: Hemoglobin (HGB); Hematocrit (HCT); Leucocyte
count, Segmenters (Neutrophils) and Lymphocytes were the
parameters used to evaluate the effects of the treated diets
on the growth performance of the 75-day old Rhode Island
Red. The results revealed that no significant effect was
observed on the growth performance of 75-136 days old
Rhode Island Red (RIR) as affected of the corn-duckweed
meal-based feed formulation. Nevertheless, diets containing
15 % duckweed meal recorded to have the least FCR value
of 5.23 and cost per kg of LW produced of Php 105.52/ $2.28.
The haematological values were comparable among
treatment groups. Further study to evaluate the efficacy of
the same feed formulation to starter and grower chicks on
digestibility of feed and carcass quality can be conducted.

undertaken to make native chicken farming to be as
efficient and sustainable as possible. To widen and
strengthen the opportunities for native chicken, the key
players and actors in the industry must be able to have the
technologies and support mechanisms that will warrant
the sustainability of the enterprise. Apart from the
improved local breeds, the unavailability of compound
feeds for native chicken in the market remains to be an
issue and gap in-terms of production efficiency and
sustainability of the sector.
The development of compound feeds for native
chicken using locally available indigenous ingredients as
pressing the needs and demand of the native chicken
sector must be undertaken. The organic based formulated
feeds once developed and become available in the market
will definitely create improvement on the efficiency and
competitiveness of native chicken sector and possibly
would encourage more players in the industry. It is
therefore, imperative that the other potential indigenous
protein plant sources which are cheap and easy to
establish be explored [1]. Duckweed has a potential as
protein-based ingredient for native chicken diet [2].
Generally, duckweed is suitable for human and animal
consumption and is rich in invaluable nutrients [3]. The
commercial feeds is relatively costly, thereby,
supplemental feeding is more economical [4].
The plant is rich in macro and micro- elements such as
calcium and chlorine has a protein content ranges
between 6.8 to 45.0% DM [5]. The potential of using
duckweed as feed for chickens is based on the high
protein content and fast accumulation of biomass of this
plant compared to other terrestrial plants [1]. The low
fibre content (2.7 to 18.7% makes the plant to be easily
digested by chickens [6], [7]; reported that duckweed has
0.5% Phosphorous DM content of the plant. Duckweed
has also a higher calcium content than soybean meal
which indicates that duckweed is a better source of
minerals than soyabean [7]. However, using duckweed as
feed has to establish whether the mineral content in the
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I.

INTRODUCTION

Native chickens have a competitive edge over the
conventionally produced strains basically for a strong
niche market for free-range meat and eggs. Native
chicken farming is considerably a less-cost venture. With
the growing demand for organic foods, consumers are
prepared to pay higher prices to get free range native
chicken and eggs primarily for better taste and quality. It
is therefore, imperative that development effort has to be
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E. Blood Collection and Haematological Measurements
At 100 days of age two birds were used from each
replicate for bleeding. Blood was extracted from wing
vein into anticoagulant EDTA treated tubes for
determination of haematological parameters.
The
haematological parameters will be analyzed using
Automatic Fully Digital haemetological Analyzer, BC
3000 Plus, ShenzhenbMinday, Bio-Medical Electronics
Co. LTD. These include: Total Red Blood Cell (RBC);
Total White Blood Cell (WBC); Hemogrlobin (HGB);
Hematocrit (HCT); Mean Corpiscular Volume (MBC);
and Mean Corpuscular Hemoglobin (MCH) and
Thrombocyte (T), [11].

duckweed matches the requirement of the stock and act
accordingly as incorrect levels might be detrimental to
the health or development of the birds [8]. Duckweed
species have been proven to be high in amino acids that
are required for the growth of chicken [9]. In addition to
the favourable array of amino acids, the plant has high
concentration of pigments and xanthophyll that make this
plant a valuable supplement for poultry and livestock [10].
The duckweed therefore becomes economically important
because of the costly high value protein feedstuffs in
chicken diets. This study focuses on compounding
complete rations that have duckweed as ingredient.
Further, the study conducted evaluate the growth
performance and haematological values of the free-range
chicken as affected by corn-duckweed meal based
organic feeds.
II.

F. Statistical Analysis
All the data was subjected to Analysis of variance
(ANOVA) for single factor experiment (CRD) using the
Statistical Tool for Agriculture Research. Significant
differences among treatments were determined at 0.5%
and 1.0% level by Least Significant Difference (LSD).

MATERIALS AND METHODS

A. Description of the Study
The practical feed for free -range chicken consisted of
duckweed meal as plant protein ingredient was
formulated and evaluated for 75 day- old Rhode Island
Red (RIR) chicken. The experimental plant (Lemma
menor sp) was cultured in the 2m × 10m (60cm deep)
growing pond. The fresh duckweeds were converted into
meal form by sun -drying and oven-drying. The plant was
sun-dried for five (5) days followed by oven -drying at
100°C for 15 minutes. The experimental diets were
formulated to have a similar nutrient content. The feed
formulation differs on the levels of the feed ingredients
used in the mixture.

TABLE I. NUTRIENT COMPOSITION OF THE EXPERIMENTAL DIETS1

B. Feed Analysis
The nutrient composition of the experimental feeds
was analyzed through Kjeldahl method for moisture and
crude protein contents; furnace-ignition method for ash;
ANKOM filter bag technology for crude fat and
ANKOM filter bag technology for Crude Fiber.

Treatment 1

Treatment 2

Treatment 3

56.9
2.10

45.27
4.93

48.538
5.763

SO meal (full
fat)
Duckweed
meal
Rice bran (D1)

19.8

9.60

7.253

-

10.00

15.00

15.0

24.00

17.561

Molasses

5.0

5.00

4.683

Limestone

1.0

1.00

1.00

Salt

0.20

0.20

0.20

Total

100.00

100.00

100.00

14.0

14.0

14.2

Calculated
Analysis
Crude
Protein, %
ME, Kcal/kg

C. Experimental Design, Treatments and Layout
A total of 150 heads of 75 -day old Rhode Island Red
Breed was used and subjected for 60-day feeding trial
under the three (3) major dietary treatments at five (5)
replications having 10 birds for each replication. The
experimental diets were composed with rice bran, yellow
corn, molasses, limestone, salt, fish meal and duckweed
meal. The experimental treatments were as follows.
T1- Control (no duckweed)
T2- 10% DWM corn -based formulated diets
T3- 15% DWM corn -based formulated diets

2639

2629

2697

Moisture
Content, %
Crude fat, %

12.5

12.9

13.7

1.0

1.5

2.3

Ash, content %

11.1

12.6

4.9

Crude Fiber, %

4.0

6.0

8.5

Phosphorus, %

0.28

0.53

.61

NFE, %

61.3

66.03

59

Calcium, %

0.826

0.78

0.826

1.3

1.16

1.31

Methionine, %

0.410

0.382

0.411

Met +
Cysteine, %

0.923

0.824

0.924

Lysine, %

D. Production Parameters
The efficacy of the formulated diets as affected by
Fermented Duckweed Meal (FDM) at varying levels was
evaluated for Rhode Island Red free -range chicken. The
data gathered and evaluated were: Average Daily Gain
(ADG), Average Feed Consumption, Feed Conversion
Ratio, Average Final Weight, Mortality, Cost per kg of
bird Produced and Haematology.
©2021 Journal of Advanced Agricultural Technologies

Ingredients
Yellow corn
Fish meal, 60%

1

The nutritive values of these experimental diets were determined
through standard feed analysis procedure at Feed Chemical Analysis
Laboratory with laboratory report no. 2020-283, Department of
Agriculture-Regional Field Unit, San Fernando, Pampanga, Philippines.
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The comparable results among treatments means of the
75 to 136 days old Rhode Island Red (RIR) were
observed from the measured performance variables. The
feed formulation with 15% duckweed meal had a FCR
value of 5.23 and cost per kg of LW produced of Php
105.52/ $2.28. The present findings prove that feed
efficiency affects the cost of producing per kg of live
weight of growing birds. The liveweight gained of the
RIR growers were not affected of the reduced feed intake.
The formulated diets with reduced levels of soybean meal
did not alter the growth performance of the 75-136 days
old RIR. The results simply imply that soybean meal can
be substituted by duckweed meal for compound feed of
the dual-type chicken breed. In related works, duckweed
as a source of protein for laying hens is possible to
replace up to 40% of the diet with duckweed without
problems (Bacerrra et al. 1995).
The data on haematological values are presented in
Table III. No significant difference in the complete blood
analyses were found among the experimental birds fed of
the treated groups. The hematocrit and hemoglobin
values were significantly higher in diets without
duckweed meal (P<0.05), while the leucocyte count was
higher in 10% duckweed meal formulated diets (P<0.05).
Similarly, the control group and treatment 2 (10%
duckweed meal) had obtained the same lymphocytes
value of 0.59. The haematological parameters were lower
than the normal numeric values of each test. The numeric
difference between the results and the normal
homological values confirms the efficiency of the feeds
formulated solely out of the feedstuffs with no added
supplements and additives.

As seen in Table I, as closely related to the chemical
composition of deoiled rice bran [12] the corn-duckweed
meal based experimental diets uses the locally available
feed ingredients. The 10 and 15 percent inclusion levels
of duckweed meal in the formulated diets were used to
determine the efficacy and practicality of the feed for
free-range chicken by partial reduction of soya bean meal
in the ration.
III.

RESULTS AND DISCUSSION

As reflected in Table II, the growth performance of the
experimental birds from 75-136 days of age fed with the
formulated diets containing 10 and 15 percent duckweed
meal did not affect significantly (P>0.05) on body weight
gain, ADG and feed consumption during the two (2)
months feeding period. Observably, the weight gained,
daily gained and feed intake of 75 -106 days of age birds
at the control group were higher from the duckweed meal
treated diets (Table III). However, it was observed that
higher mean values were obtained at feed formulation
with 15% duckweed meal. The present findings support
the claimed of Putra and Ritonga (2018) that body weight,
feed efficiency and body weight gain of the growing
native chicken were similarly affected of the varying
inclusion levels of duckweed meal in the diet [13]. The
same results was observed on the daily gains and feed
efficiency of ducks at the reduced levels of soybean in the
diets [7]. Meanwhile, it was claimed that the feed
conversion ratio, feed intake and yolk pigment were
affected by feeding of different forms of duckweed [14].
Duckweed had generally a positive effect on daily gains
of chicks at diets at 22% CP [15].

TABLE II. AVERAGE GROWTH PERFORMANCE OF RHODE ISLAND RED (RIR) FROM 75 TO 136 DAYS OF AGE2
Treatments

FCR

Gain in weight
(g)

Final weight
(g)

Feed intake
(g)

Mortality%

Cost/kg LW
produced, (PhP)

Treatment 1- no duckweed
meal in the formulated
diets

6.07

1.26

2.41

119

7.72

115.86

Treatment 2- 10%
duckweed meal of the
formulated diet

7.39

1.00

2.10

121

4.09

145.11

Treatment 3- 15%
duckweed meal of the
formulated diet

5.23

1.19

2.31

102

7.19

105.52

CV (%)

22.45

9.09

9.01

3.89

108.01

22.13

TABLE III. HEMATOLOGICAL PARAMETERS AS AFFECTED WITH VARYING INCLUSIONS OF DUCKWEED MEAL

2

Treatments

Hematocrit
(0.37-0.47)

Hemoglobine
(120-150 g/l)

Leucocyte Count
(10×109 g/I)

Segmenters
(0.50-0.70)

Lymphocytes
(0.10-0.40)

Treatment 1- no duckweed
meal in the formulated diets

0.3560

118.80

3.12

0.4020

0.5900

Treatment 2- 10% duckweed
meal of the formulated diet

0.3420

114.00

4.90

0.3900

0.5980

Treatment 3- 15% duckweed
meal of the formulated diet

0.3420

114.00

4.32

0.4960

0.4920

CV (%)

11.44

11.39

26.40

48.86

37.31

Not significant at the level 0.50% by LSD
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IV.

CONCLUSION AND RECOMMENDATIONS

The present study demonstrated that corn-duckweed
practical diets have potential to replace the soybean meal
without compromising the growth performance and
haematological profile of Rhode Island Red. This
information is indispensable in the light of selecting the
most cost-effective organic-based diet for free-range
chicken and possibly, other avian commodities. Further
culture trial is necessary to verify the efficacy of
duckweed of higher proportion, and other species of
Lemna spp., with emphasis on appraising the
reproductive performance and carcass nutritional quality
of the treated chicken.

[8]

CONFLICT OF INTEREST

[12]

[9]

[10]

[11]

The authors declare no conflict of interest.

[13]

AUTHOR CONTRIBUTIONS
Hemogenes Paguia led the conduct of the research
study; Ma. Florinda O. Rubiano facilitated the logistical
support; Abigail G. Abuan assisted the validation of the
research parameters; Eleazar G. Marabe was the one
responsible to gather and consolidate the research data;
Cherlyn Gripo was assigned to conduct the statistical
analysis of the data for the study; and Gregorio J. Rodis
assisted the validation of the research parameters; all
authors had approved the final version of the research
paper.

[14]

[15]

Copyright © 2021 by the authors. This is an open access article
distributed under the Creative Commons Attribution License (CC BYNC-ND 4.0), which permits use, distribution and reproduction in any
medium, provided that the article is properly cited, the use is noncommercial and no modifications or adaptations are made.

ACKNOWLEDGMENT

Hermogenes M. Paguia holds a Doctorate
Degree in Agricultural Science major in
animal sciences, and minor in crop science
from Pampanga Agricultural State University,
Magalang, Pampanga, Philippines in 2006.
He holds an academic rank of University
Professor and is currently the Vice-President
for Research, Extension and Training Services
of Bataan Peninsula State University,
Philippines. His research focus includes
Poultry production and nutrition.
Dr. Paguia is a member of the Organic Agriculture Society of the
Philippines, Philippine Society of Animal Science (PSAS), Philippine
Association of Agriculturist, Inc. (PAA), International Association of
Multidisciplinary Research (IAMURE), and International Society for
Southeast Asian Agricultural Sciences, Inc. (ISSAAS).

The authors wish to acknowledge and thank the
members of the research team for their time and effort in
the conduct of this study. Special thanks are given to the
Bataan Peninsula State University through Research and
Development Office for funding the research.
REFERENCES
[1]

[2]

[3]

[4]

[5]

[6]

[7]

M. Mwale and F. R. Gwase, “Characteristics of duckweed and its
potential as feed source for chickens reared for meat production: A
review,” Academic Journals, vol. 8, no. 18, pp. 689-697. 2013.
M. D. Ansal, A. Dhawan, and V. I. Kaur. (2010). Duckweed-based
bio-remediation of village products: An ecological and
economically viable integrated approach for rural development
through aquaculture Livestock Research for Rural Development.
[Online]. Available: http://www.Irrd.org22/7/ansa22129.htm
D. H. Les, D. J. Crawford, E. Landolt, J. D. Gabel, and R. T.
Kimball, “Phylogeny and systematics of Lamnaceae, the
duckweed family,” System Bot., vol. 27, pp. 221-240, 2002.
K. M. V. Mananghaya. (2017). Enhancing your pasture for
sustainable native chicken production. [Online]. Available:
http://www.pcaarrd.dost.gov.ph/home/portal/index.php/quickinformation-dispatch/2866-enhancing-your-pasture-forsustainable-native-chicken-production
E. Landolt and R. Kandeler, “Biosystematics investigations in the
family of Duckweeds (Lamnaceae),” Publications of the
Geobotanical Institute of the ETH, vol. 2, pp. 42-43, 1987.
J. Chara, G. Pedraza, and N. Conde, “The productive water
decontamination system: A tool for protecting water resources in
the tropics,” Livestock Research for Rural Development, vol. 11,
no. 1, 1999.
M. Bacerra, B. Ogle, and T. R. Preston, “Effect of replacing whole
boiled soybeans with duckweed (Lemma sp) in the diets of

©2021 Journal of Advanced Agricultural Technologies

growing ducks,” Livestock Research for Rural Development, vol.
7, no. 2, 1995.
K. F. Mohammad, H. N. Moghadam, and A. A. Saki, “Effect of
different levels of calcium, phosphorus and vitamin D3 on the
calcium, phosphorus and magnesium of plasma, hatchability and
performance on the broiler breeder hens,” Res. J. Biol. Sci., vol. 5,
pp. 223-227, 2010.
R. A. Leng, J. H. Stamabolie, and R. Bell, “Duckweed - A
potential high feed resource for domestic animals and fish,”
Livestock Research for Rural Development, vol. 7, no. 1, 1995.
J. V. Nolan, R. E. Bell, E. Thomson, D. Bremmer, and W. Ball,
“Duckweed (Spirodela punctate) as a protein and pigment source
in diets for layers,” Proc. Aust. Poult. Sci. Sym., vol. 9, pp. 166170, 1997.
S. Al-Mansour, A. Al-Khalf, I. Al-Homidan, and M. M. Fathi,
“Feed efficiency and blood hematology of broiler chicks given a
diet supplemented with yeast culture,” Int. J. Poult. Sci., vol. 10,
no. 8, pp. 603-607, 2011.
S. K. Bhanja and S. V. S. Verma, “Potential feeding value of
deoiled rice bran by Japanese quails ,” Asian Australian Journal of
Animal Science, vol. 14, no. 8, pp. 1144-1148, 2011.
A. Putra and M. Z. Ritonga, “Effectiveness of duckweed (Lemna
minor) as an alternative native chicken feed native chicken (Gallus
domesticus),” IOP Conference Series: Earth and Environmental
Science, vol. 122, no. 1, p. 012124, 2018.
B. Indarsih and M. H. Tamsil, “Feeding diets containing different
forms of duckweed on productive performance and egg quality of
ducks,” Media Peternakan, vol. 35, no. 2, p. 128, 2012.
N. T. K. Khang and B. Ogle, “Effects of dietary protein level and a
duckweed supplement on the growth rate of local breed chicks,”
Livestock Research for Rural Development, vol. 16, no. 8, 2004.

Ma Florinda O. Rubiano holds a Master’s
Degree in Nursing major in nursing
administration and management from the
Philippine College of Health Sciences, Inc.
Manila Philippines in 2000.
She is currently an Assistant Professor IV in
the Bataan Peninsula State University where
she is designated as the Director, Research
and Development Office of the said
University. Her research interests include
nursing care and management.
Director Rubiano is a lifetime member of the Philippine Nurses
Association, Philippine Association of Extension Program
Implementors (PAEPI), Inc., International Association of Research
Ethics Across Disciplines, and the Research Management Committee of
Central Luzon Health Research and Development Consortium
(CLHRDC).

33

Journal of Advanced Agricultural Technologies Vol. 8, No. 2, December 2021

Abigail G. Abuan attained her Doctoral
Degree in Animal Science major in animal
nutrition from Central Luzon State University
(CLSU) Philippines in 2017.
She currently works as an Instructor at Bataan
Peninsula State University in Abucay Campus
where she is designated as the Research and
Development Office Campus Chairperson.
Her research interests includes poultry and
small ruminant feeding and nutrition to
provide alternative source of feeds that reduce the cost of production
without compromising the efficient production performance of the
animals.
Dr. Abuan is a member of the Philippine Association of Agriculturists,
Inc, (PAA), the United Association of Animal Specialists Alumni
Association, PASSO-FASSEA Association, the Philippine Association
of Extension Program Implementors, Inc., and the Philippine
Association of Research Managers, Inc.

Gregorio J. Rodis holds a Doctoral Degree in
Agricultural Sciences from De La SalleAraneta University (DLS-AU) in the
Philippines.
He is currently designated as the University
President of Bataan Peninsula State
University where he also occupied various
administrative positions such as the Vice
President for Research, Extension and
Training Services from 2008-2009, and the
Officer-in-Charge of the Office of the Vice President for Administration
in Finance from 2009 to 2014. His research interests include small
ruminant production and farming systems in upland ecosystems.

Cherlyn U. Gripo was born in Sewahon 1,
Sagay City Negros Occidental on April 4,
1998. She finished her bachelor’s degree in
Agriculture major in Animal Science year
2019 at Bataan Peninsula State University
Abucay Campus, Abucay, Bataan, Philippines.
She
is
currently
working
as
an
ADMINISTRATIVE AIDE III at Research
and Development Office Bataan Peninsula
State University Abucay Campus. She is a
licensed Agriculturist and a member of the United Society of Animal
Specialists (USAS).

©2021 Journal of Advanced Agricultural Technologies

34

