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Abstract

supplementation to the feed of fattening pigs on the nitrogen level of urine, fecal ammonia

The present study aimed to investigate the effects of green tea catechin

emission, and microbial flora. Two diets were used: a control (no green tea catechin added) and a
0.4% green tea catechin-added feed. Eight crossbreed (MeishanxXDulocxBerksher) growing pigs
were used in this study. During the growing and fattening periods, feces and urine were collected
from each pig to prepare the mixture at a ratio of 1:1 in weight of feces and urine, was placed in a
polyethylene sample bag modified with a rubber tube. Each bag was sealed after vacuum suction
and inflated with 6 liters of air. The bag was kept at 30+2°C for 0,6,12,18, and 24 hrs and
triplications were prepared for each time. Ammonia gas concentration was determined with
Kitagawa precision gas detector tubes. The pH, total nitrogen, and urea concentration in urine
and microbial flora in feces were also determined. There was no significant difference in the
chemical analysis and microbial flora; however, total nitrogen and urea concentration in urine
decreased in the experimental group. Ammonia gas emission in the experimental group was
significantly (P<0.01 and/or 0.05) reduced in comparison with that in the control group, in
regardless of the growth stage. Catechin may have accelerated the utilization of endogenous
nitrogen, and reduced the concentration of urea in the urine resulting reduction of ammonia

emission from the mixture of feces and urine.
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Introduction finishing pigs [4-6]. Green tea wastes and

Green tea components have been
considered to have pharmacological effects on
anti-carcinogenesis [1], anti-mutation [2] and
anti-oxidation [3], and various experiments
have been conducted to evaluate its role on

the growth performance and meat quality in
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green tea by-products have been used in
actual experiments. Green tea includes
various polyphenol: tannin is one polyphenol
extracted from tea leaves and it reduces the
palatability of feed. Supplementation of

green tea leaves to feed is limited. Besides
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being a major polyphenol, tea catechin has
physiologic modulative activities. In
experiments to evaluate green tea on the
growth performance of pigs, catechin’s role as
an antibiotic for intestinal microbial flora
was expected. The composition of microbial
flora is influenced by factors such as diet and
feeding conditions, therefore it can easily be
estimated that catechin has a supporting
and/or reduction effect on microbial
proliferation in the digestive tracts of
animals. Ammonia is a source of major
fecal odor and is a main component of
unfavorable odors. Ammonia is synthesized
through the reaction of urea in urine and
urease in microbial feces, therefore the
ammonia emission level is due to the amount
of urea and activity of urease. Although the
effect of several feed ingredients on ammonia
emission has been observed in earlier studies,
there is limited information available about
the experimental use of catechin as a feed
supplement [7,8].

In this study, we investigated the
effects of green tea catechin supplementation
to the feed of fattening pigs on the nitrogen
level of urine, fecal ammonia emission, and

microbial flora.

Materials and methods

Animal and experimental plan
A total of 8

(MeishanxDulocxBerksher) growing pigs

crossbreed

with an average initial body weight of
30.6+£0.8 kg were housed in concrete floor
pens (5 ni/head). The pigs were assigned to
two dietary treatments. Each treatment

had 4 replications with 4 pigs per replication.

The two dietary treatments were the control
(no green tea catechin added) and feed
containing 0.4% green tea catechin. The
basal feed are two types of commercial one
(Best Grower and Best Pork; produced by
Toyohashi Feed Co.Ltd., Aichi) and the
nutrient composition was adapted to
requirements for growth stage. Green tea
catechin was purchased from Mitsui Nohrin
Co.Ltd. (Tokyo), with a guaranteed purity of

over 80 % (detail was shown in Table 1).

Table 1. Details of used green tea catechin

guaranteed level %(w/w)

epigallocatechin (EGC) 0.6
epiccatechin (EC) 0.2
gallocatechin (GC) 0.0
catechin (C) 0.2
epigallocatechin gallate (EGCg) 58.4
epicatechin gallate (Ecg) 13.8
gallocatechin gallate (GCg) 3.0
catechin gallate (Cg) 05
Total 76.7

The appropriate volume of feed was supplied
twice a day and drinking water was supplied
ad Iibitum. After 6 weeks from the start of
experimental feeding in both growing and
fattening periods, feces and urine were
collected from each pig and used for the
following analysis and experiment (Fig.1).
Chemical analysis and measurements of
ammonia gas

Total nitrogen in urine used in this
study was analyzed by the Kjeldahl method
and urea was determined with an analysis
kit (Funakoshi Chemical, Tokyo) and
spectrophotometer UV-1800 (Shimadzu,
Kyoto). The pH of each sample centrifuged
at 3000 rpm was determined with a pH
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Growing period
1 I
Start of test feeding 6 weeks later

Collection of urine and feces
Chemical analysis and

measurements of ammonia gas

Feed change

Fattening period

1

6 weeks later

Collection of urine and feces
Chemical analysis and
measurements of ammonia gas

Fig.1 Experimental schedule

meter (DKK Toa Co., Tokyo), the
determination of urine pH was directly
conducted, but for the feces sample it was
conducted after the dilution of feces with
distilled water in a ratio of 1:4.

Twenty grams of urine and feces
mixture, with a mixing ratio of 1:1 from each
pig was placed in a polyethylene sample bag
modified with a rubber tube. Three bags
were prepared for each determination time,
respectively.  Each bag was sealed by
vacuum suction and inflated with 6 liters of
air. The bag was kept at 30£2°C for
0,6,12,18, and 24 hrs. After treatment,
ammonia gas concentration was determined
with Kitagawa precision gas detector tubes
for ammonia (SD type).

Fecal microbial analysis

Fecal microflora were analyzed by
PCR-denaturing gradient gel electrophoresis
(DGGE) using DCode system (BioRad,
Tokyo) with a partial 16S rRNA gene.
Genomic DNA from feces was prepared by
the methods described by Morita et al. [9].
The DNA was used as template for PCR
amplification of a partial 165 rRNA gene
with GC-357F and 518R primer pair; PCR
mixture was composed 20ml of 2xEmerald
Amp PCR master mix (Takara-Bio, Shiga), 2

ml of 10 mM each primer, 50 ng of purified
DNA, and up to 40 ml of sterilized water, and
thermal condition was according to the
method described by Muyzer et al. [10] using
touch down methods for annealing step.
After PCR 5 ml of the reaction mixture were
added with 2 ml of 70% glycerol solution, and
then all of the mixture was applied to DGGE
gel. DGGE was conducted under 130V for 5
hours at 60°C with from 30 to 60 % of
denaturant and 8% acrylamide gel. 100%
denaturant was including 7 M urea and 40%
formamide. After the electrophoresis, the gel
was stained with SYBR Gold (Invitrogen,
Tokyo), and then band pattern was
visualized LAS-4000 image analyzer (Fuji
Firm, Tokyo). Band pattern was compared to
previous results, which were sequenced and
identified by Genus level [11]. Band
concentrations were measured by Image J
software  (http'/rsbweb.nih.gov/ij)  and
compared by relative amount at same
position in each lane.
Statistical treatment

Ammonia gas emission from each
treated group after the determined period
was compared by one-way ANOVA using
Excel statistical software at significant level
of P<0.05 and 0.01. Mean separation
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Table 2.Chemical characteristics of urine and feces

Growing Fattening
Control Experiment Control Experiment
Total nitrogenin urine (%) 0.83+0.15 0.70%0.05 1.06+0.14 0.99+0.05
Urea in urine (mg/mL) 0.39+0.10 0.31%0.01 0.44=+0.02 0.394+0.02
pH urine 7.85%+0.3 8.07%0.3 7.75%+0.3 7.40+=04
feces 6.21%0.1 592+0.1 6.22+0.2 6.16 0.1
Mean=®S.E., control group n=3, Experiment group n=4.
group, though there was no
800 A 800,
o A significant  difference  (P<0.19).
700 E
_ - Moreover, there was no definite
£ 600 § 600
= 2 tendency in the pH values of urine
S 500 S 500
8 g a and feces.
£ 400 a B g 400 . ..
g § B B Ammonia gas emission from
© 300 = 300 . .
2 b s . the mixture of urine and feces that
€ 200 | £ 200 .
S < were collected from the growing
ey by period and the fattening period
° 0 6 12 18 24 ° 0 6 12 18 24 were observed for 24 hrs (Fig.2).
Time (hr) Time (hr)

Growing period Fattening period

Fig.2 Ammonia emission from the mixture of feces and urine collected from pigs fed
with (o) or without (e) catechin
Significant difference was recognized between the different superscript

letters; A,B: P<0.01, a,b: P<0.05.

Ammonia concentrations emitted

from the mixture of the
experimental group of pigs fed
green tea catechin was

significantly (P<0.05 or 0.01) lower
than those of the control group at

12, 18 and 24 hr of incubation.

Fecal microbial analysis

among the test groups was done using the
Least Significant Difference method.

The number of fecal microorganisms was

Results

never determined in this study.

The only

classification of microorganism strain was
conducted by the DNA isolation method, and
the result is shown in Table 3. Recognized

Chemical analysis and measurements of
ammonia gas

The results of chemical analysis are

microorganisms included the following 6

shown in Table 2. There is no significant
total

strains:

difference; however, nitrogen

Lactobacillus, Clostridium,

Streptococcus, Psychrobacter, FEscherichia,

concentrations in the control group were

and Megasohaera.

larger than those in the experimental group

Slight differences were

recognized between the classification rate of

in both collection periods, growing and

each microorganism in the control and

fattening. Concentrations of urea in urine

experiment groups,

from the experimental group pigs were

but there was no

significant difference.

smaller at 88-80% than those in the control
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Table 3 Results of fecal microorganism classification rate(%) by DNA isolation method

from pig feces

Growing period

Fattening period

Strain
Control Experiment Control Experiment
n=3 n=4 n=3 n=2

Lactobacillus 6.8+1.0 8.0%0.9 8.1x06 6.6+0.2
Clostridium 38.3*+3.3 36.6+2.1 38.3*+29 42.0%0.1
Streptococcus 21716 255+1.6 21619 21650
Psychrobacter 7617 4716 3.8+0.6 1.8%0.2
Escherichia 41%x038 3.0%0.7 14%00 trace
Megasohaera 04=0.0 21%+x1.2 5010 4100
Other 21.1%+19 202%+2.0 22.7+0.8 23.9%+50
Mean=*SE

Classification rate was calculated for total strain recognized in the present isolation sample.

Discussion

Bacteria in the digestive tracts is easily
affected by feed composition, such as dietary
fiber [12,13] or physiologic functional
substances like a polyphenol and it is easily
deduced that the change of microbial flora
influences the odor and ammonia emissions
[14,15]. Furthermore the microbial flora
alters its population in accordance with the
passage of exposed time [16]. In an earlier
study [17], the effect of tea polyphenols on
the fecal ammonia emission and microbial
flora was evaluated with 30-day-old piglets:
increases in the Lactobacilli level and
decreases in the Bacteroidaceae level and
ammonia emission were reported. The
present results which used growing-finishing
pigs showed the same effect on the reduction
of ammonia emissions, but there was no
remarkable difference in the species of
microbial flora. Lower ammonia emission
in green tea catechin feed was observed in
this study, which is not consistent with the

results of microbial flora determination: it in

somewhat consistent with the slight
difference in the nitrogen level in urine.
The relation between ammonia emission and
total nitrogen level in urine were coefficients
in both growth stage. The same relation
between ammonia gas emission and total
nitrogen in urine and/or urine level was
reported in a previous experiment [18,19].
Furthermore in this study we determined
the urea amounts in urine decreased in the
experimental group. There was no
significant difference in the total nitrogen
and urea in urine as shown in Table 2, but
those values in the experimental group
showed decrease tendency. The ammonia
emission were decreased significantly by the
using of experimental group urine as shown
in Fig.2. The present tendency was
sustained by the knowledge in the earlier
report, in which recognized the coefficient
relation between the ammonia emission and
the nitrogen level in the feces-urine mixture
[19]. Green tea catechin intake may

influence microbial flora, but it was not so
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remarkable during the growing-finishing
stage of pigs, and to it a degree, may
influence nitrogen metabolism in increasing
the efficient utilization due to the decrease of
urea in urine. Although the results of
growth performance for the tested pigs were
not described in the present report, the feed
efficiency in the experiment group fed green
tea catechin tended to be higher than that of
the control group. This tendency suggests
that high utilization of nitrogen by catechin
in the experimental group. The
physiological mechanism of this remains to

be elucidated in a future work.
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