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Abstract—In the present study, the effect of buckwheat
(Fagopyrum esculentum) on phosphorus (P) availability in
broilers was investigated: non-germinated (BU) and
germinated buckwheat (GBU) were used. Seeds samples
were analyzed for proximate components, total P, phytate P
and phytase activity. The efficacy of BU phytase was
assessed by in vitro digestibility (dry matter, crude protein
and phytate P) measurement and in vivo experiment using
20 male broilers. For both studies, a positive control (PC),
negative control (NC), NC + 10% BU, and NC + 10% GBU
diets were prepared where, BU and GBU were included at
the rate of 10% NC diet at the expense of corn. Increased
phytase activity in BU after germination resulted in
decreased phytate P content which reflected through
numerically increased in vitro phytate P digestibility.
Increased (P<0.05) CP digestibility may be also a
consequence of phytate P hydrolysis. Retention of nitrogen
decreased (P<0.05) in broilers given NC diet, which was
recovered with the addition of BU and GBU. Moreover,
total P retention increased (P<0.05) in birds given BU and
GBU added diet compared with NC diet. In conclusion, the
results revealed that P utilization in birds could be
improved when 10% of corn was replaced with BU and
GBU, because of their high phytase activity.

Index Terms—broilers, buckwheat, germination, phytase
activity, phytate phosphorus

I.  INTRODUCTION

Recently, nutritional approaches have been made to
reduce phosphorus (P) excretion by increasing the
availability of P in diets, which is due to the increasing
concerns about environmental pollution from chicken
excreta. Many studies on this field have been conducted
and suggested that one of the solution is administration of
phytase to the diet, because this enzyme can release P
from phytate which is the main storage form of P in
grains and indigestible for poultry. However, this enzyme
is expensive for feed ingredient especially in developing
countries. To find alternatives of low cost, researchers
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have studied to find ingredients having phytase activity
and reported that wheat, triticale and barley contains
relatively increased phytase activity [1].

Buckwheat (Fagopyrum esculentum) (BU) is a non-
glutinous pseudocereal and produced in many countries,
which possess high nutritive values [2], and health
beneficial properties [3]: its annual production in the
world is 1.5 million tons (in 2010). Of course, this is
produced for human consumption but part of them, which
is low grade and unsuitable for human consumption, may
be used for animal feed. Interestingly, this is reported to
contain increased level of phytase [1] compared to some
cereals and legumes commonly used as chicken feed.
Taking these into account, it may be interesting to use BU
as an energy source containing phytase activity.

Besides, it is noteworthy that germination can induce a
substantial increase in the activity of phytase and reduce
concentration of phytic acid in grains [4], suggesting that
germinated BU (GBU) can lead to better utilization of
phytate P in grains, comparing with non-germinated one.
This improvement may increase the economical interest
in its use in broilers which may also contribute to
formulate environment friendly diets. Although BU had
been reported to display some effects on growth
performance and lipid profile of chicken [5], [6] but
information on the efficacy of BU phytase to improve P
availability in broilers are limited. The aim of the present
study was to measure chemical composition in BU and
GBU, in vitro digestibility of diets containing BU and
GBU, retention of nitrogen and P, and tibia
characteristics in broilers given the both BU and GBU
added diets.

Il.  MATERIALS AND METHODS

A. Germination

Shinano-1-go BU seeds were soaked in water in a ratio
of 1:5 (w/v) for 12h and then allowed to germinate in a
tray lined with wet paper for 36h at room temperature
(2242 <C) maintaining a dark condition. After germination,
seeds were dried at 50<C in a forced air draft oven for 7h
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and then, both BU and GBU seeds were ground to pass
through 1.0mm aperture and subjected to chemical
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analysis (Table ). No physical differences were found in
BU and GBU samples (Fig. 1).

(d)

Figure 1. (a) non-germinated buckwheat seed; (b) non-germinated buckwheat meal; (c) germinated buckwheat seed; (d) germinated buckwheat meal

TABLE I. CHEMICAL COMPOSITION OF SHINANO-1-GO BUCKWHEAT

Shinano-1-go buckwheat

Components, %

BU! GBU?
Crude protein 15.47 17.29
Ether extract 3.13 3.22
Crude fiber 4.73 6.65
Crude ash 2.06 2.23
Total P 0.39 0.44
Phytate P 0.33 0.29
Phytase activity, U/g 2.23 271

'BU= non-germinated; 2GBU= germinated

B. Diet Preparation and in Vitro Study

A positive control (PC), negative control (NC), NC +
10% BU and, NC + 10% GBU diets were prepared. The
PC diet (around 3200kcal/kg of energy, 20% of CP, 0.8%
of Ca and 0.35% of non-phytate P) was formulated to
meet or exceed the NRC (1994) nutrient requirement for
growing broilers (Table I). The NC diet was same as the
PC diet except non-phytate P, which was 0.25%. Both
BU and GBU were included at the rate of 10% of NC diet
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in expense of corn. Prepared diets were ground to pass
through 1.0 mm aperture and exposed to an in vitro dry
matter, crude protein and Phytate P digestibility
measurement by pepsin-pancreatin method [7].

C. Broiler Experiment

A total of 20 male broilers (29 d of age, Ross 308)
were randomly distributed into four dietary groups (5
birds each). The diets were same as used for in vitro
study. Birds had free access to feed and water throughout
the experimental period (29 to 42 d of age). Feed intake
and body weight were recorded daily and weekly,
respectively. Excreta samples were collected from 39 to
41 d of age and stored at -20<C in a freezer until analysis.
The differences in the nitrogen and total P content of the
feed consumed and the feces was used to calculate their
relative retention. At the end of experiment, all birds were
slaughtered by cervical dislocation. The left and right
tibia of each bird were collected, de-fleshed and cartilage
caps were removed. The length of tibia was determined
with a ruler, and the width was measured with a digital
caliper at the calculated midpoint (50% of length). Tibias
were subsequently dried at 105<C for 24h, then placed in
desiccator and weight was recorded.
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D. Chemical Analysis

Proximate components were analyzed according to
AOAC standard methods. Total P and phytate P were
measured according to Ref. [8] and [9], respectively.
Non-phytate P was calculated as total P minus phytate P.
The Phytase Reference Standard Method described by
Ministry of Agriculture, Forestry and Fisheries, Japan [10]
was followed to measure the phytase activity where, one
unit of phytase activity was defined as that the quantity of
enzyme required to liberates 1 pmol of inorganic P per
min from 0.0041 mol/L sodium phytate at a pH of 5.5 and
a water bath temperature of 3740.5<C.

TABLE Il. INGREDIENTS AND CHEMICAL COMPOSITION OF
EXPERIMENTAL DIETS

; Diets'

Ingredients , % 0 0
9 pC NG NCI;rUl0A: NchllJO/o
Commercial diet 50.0 48.5 48.3 48.3
Corn 314 326 223 223
BU - - 10.0

GBU - - - 10.0
Soybean meal 145 15.05 13.9 13.9
Corn oil 2.05 1.85 35 35
Cas(POs), 0.35

CaCO; 0.80 11 11 11
Vit-min premix? 0.90 0.90 0.90 0.90
Analyzed composition

Crude protein, % 20.00  20.02 20.07 20.17
Total P, % 0.64 0.55 0.55 0.55
Phytate P, % 0.30 0.31 0.30 0.30
Non-phytate P, % 0.34 0.24 0.25 0.25
ME, kcal/kg? 3289 3285 3283 3283

PC= positive control; NC= negative control; BU= non-germinated
buckwheat; GBU= germinated buckwheat.

2According to NRC (1994).

*Calculated Value.

E. Statistical Analysis

Data were analyzed by one-way ANOVA. Significant
differences among the treatment means were separated by
Tukey’s multiple comparison tests with a 5% level of
probability.

I1l.  RESULTS AND DISCUSSION

A. Chemical Composition of Buckwheat

Crude protein, ether extract, crude fiber, crude ash and
total P contents were increased whereas, phytate P

content was decreased in GBU than BU (Table I). As
expected, phytase activity was increased in GBU. Ref. [4]
also found an increased phytase activity and decreased
phytate P content in rice, maize, millet, sorghum and
wheat after germination. The reduction of phytate P in
GBU can be explained comprehensively by considering
the influence of germination in increasing phytase
activity. Moreover, an increased in phytase activity and
the accompanying decrease in phytate content, are
expected to increase P availability and utilization in
broilers.

B. In Vitro Digestibility

Both CP and phytate P digestibilities were increased in
BU and GBU diets (Table I11). Although CP and phytate
P levels were same for all the diets, but the increasing
trend of CP digestibility in both BU and GBU diets were
consequential to phytate hydrolysis which was confirmed
by the numerically increased phytate P digestibility. It is
assumed that, in vitro study results did not always reflects
the full potentiality in an in vivo condition because
intestinal factors (like pH, temperature) and birds
individual responses may have some affect on phytate
degradation [11]. However, the negative effect of phytate
can be ameliorated by phytase which could lead to
increased digestion and availability of dietary protein [12].

C. Performance and Nutrient Retention

At the end of the experimental period, BU and GBU
added NC diet, did not show any effect on the growth
performance in broilers (Table 1V). According to the
results of Ref. [5], addition of BU up to 60% in broiler
diets, showed no significant effect on body weight gain
while feed efficiency was declined. Interestingly,
nitrogen and total P retention were increased (P<0.05) in
birds given BU and GBU diets compared with NC diet
(Table V). Higher phytase activity in both BU and GBU,
stimulated the hydrolysis of phytate P which leads to
increased retention of nitrogen as well as total P in
broilers. Although significant but the lower differences in
terms of retention among the groups than expected, may
be due to the effects of birds age and non-phytate P level.
Although Ref. [13] reported that protein and P retention
were not affected due to feeding of the BU in chickens,
but the positive effect of wheat and triticale phytase
activity on P retention and availability in broilers were
reported by Ref. [14] [15]. However, the comparable
performances along with increased nitrogen and total P
retention in broilers given BU and GBU added NC diet
with PC diet, extended the path to use BU and GBU to
formulate a diet which will provide the birds with their P
needs and reduced P excretion.

TABLE 11, IN VITRO DIGESTIBILITY OF BUCKWHEAT ADDED DIETS

Diets?

Digestibility, %

PC NC +10% BU NC + 10% GBU
Dry matter 75.0940.64 74.64490.33 75.6040.73 75.5640.72
Crude protein 85.2140.52* 85.2340.37% 86.6840.21* 88.3340.62°
Phytate P 33.07+.08 31.5040.90 34.57#.40 35.39#+.38
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Values for each parameter represent meanzstandard error (n=3); *"Mean within the same row with different superscripts are significantly different

(P<0.05).

2pC= positive control; NC= negative control; BU= non-germinated buckwheat; GBU= germinated buckwheat.

TABLE IV. GROWTH PERFORMANCE AND RETENTION IN BROILERS FED BUCKWHEAT ADDED DIETS

Diets?

Performance parameters

PC NC NC + 10 % BU NC + 10 % GBU
Initial body wt., g 1509#41.8 14974459 1505#41.1 1481452.9
Final body wt., g 3130449.1 3060+44.9 3074345.9 3082#47.5
Body wt. gain, g 1621422.9 1563+439.9 1569+17.8 1610437.2
Feed intake, g/bird/d 186+2.37 18145.7 18045.3 183#4.2
Feed conversion ratio 01.5940.02 1.6040.04 1.570.02 1.5940.04

"Values for each parameter represent mean=standard error (n=5).

2pC= positive control; NC= negative control; BU= non-germinated buckwheat; GBU= germinated buckwheat.

TABLE V. RETENTION OF NITROGEN AND TOTAL PHOSPHORUS IN BROILERS GIVEN BUCKWHEAT ADDED DIETS

Retention, %

Diets?

PC NC NC + 10% BU NC + 10% GBU
Nitrogen 67.7240.48° 66.050.26" 67.4540.25° 67.9540.3°
Total P 35.4640.58% 33.59+.22° 36.800.56° 37.7620.43°

Values for each parameter represent meanzstandard error (n=5); *"Mean within the same row with different superscripts are significantly different

(P<0.05).

2pC= positive control; NC= negative control; BU= non-germinated buckwheat, GBU= germinated buckwheat.

D. Tibia Characteristics

There were no effects of diets on weight, length and
width of tibia in broilers (Table VI). There are lack of
evidence regarding the direct effect of phytase as well as
available P on length and width of tibia in finishing

broilers. Ref. [16] reported that, dietary addition of
microbial phytase did not show any effect on tibia length.
In addition, Ref. [17] observed that, reduced dietary
calcium and P did not affect tibia cortex thickness and
length in broiler chickens.

TABLE VI. TiBIA CHARACTERISTICS OF BROILERS GIVEN BUCKWHEAT ADDED DIETS

Tibia characteristics

Diets?

PC NC NC + 10% BU NC + 10% GBU
Weight, g 8.2740.30 8.0410.11 8.1840.20 8.2840.22
Length, cm 10.3840.05 10.3240.07 10.3440.10 10.4240.16
Width, mm 10.7140.19 10.1540.29 10.8440.22 10.9540.18

Values for each parameter represent meanzstandard error (n=5).

2pC= positive control; NC= negative control; BU= non-germinated buckwheat, GBU= germinated buckwheat.

IV. CONCLUSION

The results obtain here confirmed the usefulness of BU
and GBU at 10% level to increase utilization of P and
maintain performance as well as tibia characteristics of
broilers in low P diet. The possible reduction of mineral P
supplementation by using phytase rich BU and GBU
would allow a diet beneficial also for environment.

ACKNOWLEDGMENT

The authors would like to thank “Educational and
Research Center of Alpine Field Science (AFC)”,
Shinshu University, Japan for providing buckwheat.

REFERENCES

[1] I Egli, L. Davidsson, A. Juillerat, D. Barclay, and R. F. Hurrell,

“The influence of soaking and germination on the phytase activity

©2017 Journal of Advanced Agricultural Technologies

85

and phytic acid content of grains and seeds potentially useful for
complementary feeding,” Journal of Food Science, vol. 67, pp.
3484-3488, Nov. 2002.

B. Krkoskova and Z. Mr&ova “Prophylactic components of
buckwheat,” Food Research International, vol. 38, pp. 561-568,
June 2005.

K. Dziadek, et al., “Basic chemical composition and bioactive
compounds content in selected cultivars of buckwheat whole seeds,
dehulled seeds and hulls,” Journal of Cereal Science, vol. 69, pp.
1-8, May 2016.

M. A. Azeke, S. J. Egielewa, M. U. Eigbogbo, and I. G. lhimire,
“Effect of germination on the phytase activity, phytate and total
phosphorus contents of rice (Oryza sativa), maize (Zea mays),
millet (Panicum miliaceum), sorghum (Sorghum bicolor) and
wheat (Triticum aestivum),” Journal of Food Science and
Technology, vol. 48, pp. 724-729, Dec. 2011.

J. P. Jacob and C. A. Carter, “Inclusion of buckwheat in organic
broiler diets,” Journal of Applied Poultry Research, vol. 17, pp.
522-528, Dec. 2008.

M. A. Sayed, M. T. Islam, M. Maksud-Ul-Haque, M. J. H. Shah,
and M. A. Hossain, “Buckwheat (Fagopyrum esculentum)
supplemented diet suppresses serum triglyceride and increases

(2]

(3]

(4]

(5]

(6]



Journal of Advanced Agricultural Technologies Vol. 4, No. 1,

high density lipoprotein in broilers for antibiotic free safe meat,”
Science Secure Journal of Biotechnology, vol. 2, pp. 26-35, Jan.
2013.

R. M. Saunders, M. A. Connor, A. N. Booth, E. M. Bickoff, and
G. O. Kohler, “Measurement of digestibility of alfalfa protein
concentrates by in vivo and in vitro methods,” Journal of
Nutrition, vol. 103, pp. 530-535, April 1973.

I1SO, Animal feeding stuffs-Determination of phosphorus content-
Spectrometric method, Ref. No 1SO 6491: 1998 (E), International
Standard ISO 6491 was prepared by the Technical committee
ISO/TC 34, Agricultural Food Products Subcommittee SC 10,
Animal Feeding Stuffs, 1ISO, Geneva, Switzerland.

W. Haug and H. J. Lantzsch, “Sensitive method for the rapid
determination of phytate in cereals and cereal products,” Journal
of the Science of Food and Agriculture, vol. 34, pp. 1423-1426,
Dec. 1983.

MAFF, Phytase Reference Standard Method: Phytic Acid
Decomposition Force Test Method, Reference No. 5, Ministry of
Agriculture, Forestry and Fisheries, Japan, 2012.

T. Steiner, R. Mosenthin, B. Zimmermann, R. Greiner, and S.
Roth, “Distribution of phytase activity, total phosphorus and
phytate phosphorus in legume seeds, cereals and cereal by-
products as influenced by harvest year and cultivar,” Animal Feed
Science and Technology, vol. 133, pp. 320-334, Feb. 2007.

P. H. Selle, V. Ravindran, R. A. Caldwell, and W. L. Bryden,
“Phytate and phytase: Consequences for protein utilisation,”
Nutrition Research Reviews, vol. 13, pp. 255-278, Dec. 2000.

J. J. Gupta, B. P. S. Yadav, and D. K. Hore, “Production potential
of buckwheat grain and its feeding value for Poultry in Northeast
India,” Fagopyrum, vol. 19, pp. 101-104, Jan. 2002.

K. Olaffs, J. Cossa, and H. Jeroch, “The importance of native
phytase activity in wheat on the phosphorus utilization in broilers
and laying hens,” Archiv fUr Geflugelkunde, vol. 64, pp. 157-161,
Dec. 2000.

C. Jondreville, C. Genthon, A. Bouguennec, B. Carre, and Y. Nys,
“Characterisation of European varieties of triticale with special
emphasis on the ability of plant phytase to improve phytate
phosphorus availability to chickens,” British Poultry Science, vol.
48, pp. 678-689, Dec. 2007.

X. Rousseau, M. P. Letourneau-Montminy, N. Meme, M. Magnin,
Y. Nys, and A. Narcy, “Phosphorus utilization in finishing broiler
chickens: Effects of dietary calcium and microbial phytase,”
Poultry Science, vol. 91, pp. 2829-2837, Nov. 2012.

S. Swigtkiewicz and A. Arczewska-Wlosek, “Bone quality
characteristics and performance in broiler chickens fed diets
supplemented with organic acids,” Czech Journal of Animal
Science, vol. 57, pp. 193-205, 2012.

[7]

(8l

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

©2017 Journal of Advanced Agricultural Technologies

86

March 2017

Rakhi Chowdhury was born in Mymensingh,
Bangladesh on August 1, 1984. She completed
her Bachelor of Science in Animal Husbandry
(major in animal production), from
Bangladesh Agricultural University,
Bangladesh in 2006. Then she completed her
Master of Science in Animal Nutrition (major
in poultry nutrition) from Bangladesh
Agricultural University, Bangladesh in 2008.

,@)‘, »

K 2 WA Bl Now, she is a doctoral student in the
Department of Bioscience and Food Production Science,

Interdisciplinary Graduate School of Science and Technology, Shinshu
University, Nagano, Japan.

Mustanur Rahman was born in Natore,
Bangladesh on October 19, 1975. He
completed his Bachelor of Science in Animal
Husbandry (major in animal production), from
Bangladesh Agricultural University,
Bangladesh in 2000. He acquired his Master's
of Science in Poultry Science (major in
poultry nutrition) from Bangladesh
Agricultural University, Bangladesh in 2002.
Again he completed his Master's of Science in
Agriculture (major in poultry nutrition) from Graduated school of
Agriculture, Shinshu University, Nagano, Japan in 2013. Now, he is a
doctoral student in the Department of Bioscience and Food Production
Science, Interdisciplinary Graduate School of Science and Technology,
Shinshu University, Nagano, Japan.

Katsuki Koh was born in Fukuoka, Japan on
July 23, 1959. He acquired his master’s degree
from Graduated school of Agriculture,
Shinshu University, Japan in 1985, and then
he completed his Ph. D. degree from Kyushu
University, Japan in 1990. Now he is working
as a professor at Faculty of Agriculture,
7 Shinshu University, Japan.





