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Abstract

Since the first case of bovine spongiform encephalopathy (BSE) was encountered in Japan in
2001, the country quickly responded with a change from passive to active surveillance. The response
has not been a smooth one, though, and news media have contributed to opening the public’s eyes to
inadequate behavior from government sources responsible for monitoring and protecting the health of
consumers. The resultant information “gap” has served to augment the typical Japanese perceptions
of risk assessment, as assessed in surveys from 2003 to 2005. Such false beliefs have caused consumers
to call for 100% testing of animals for BSE despite accepted scientific standards which do not support
such comprehensive and costly surveillance. Instead, testing agencies acceded to the demands from
citizens for comprehensive testing regardless of the cost. We show how all stakeholders may be directly
involved in closing this “gap” through the use of public meetings and workshops. Such venues
inform those with and without technical backgrounds, leading to a better understanding of the food
safety issues at hand. An overwhelming response from all concerned parties was for more knowledge
from experts, better news media reporting, and easier access to the information needed to promote
awareness of the food safety issues. Creating a system of sharing information in this way may serve
to generate a further proposal to local governments so that they may more adequately respond in the

future and thereby alleviate unnecessary public fear and reduce government expenditures.
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1. Introduction

The first case of bovine spongiform encephalopathy
(BSE) in Japan was found in September, 2001 (Kimura
et al., 2002). Since October 2001, control measures and
active surveillance have been installed, and by the end of
2009, 36 cases (including 2 atypical ones) were detected
after testing approximately 100 million cattle (Kadohira
et al., 2008, submitted). Nearly a decade after the initial
case, Japan still suffers the effects of BSE in the form
of social, political, and economic issues. Although these
effects linger in other countries as well, there is a cultural
phenomenon unique to Japanese people, both citizens and
administrative powers that this report wishes to address.
This paper will report on the difference (“gap”) between
the understanding of a major biohazardous risk to the
public health and the implementation of a monitoring
program (surveillance system) whose scientific basis is not
wholly justified.

From a scientific and medical viewpoint, BSE is
a fatal, neurodegenerative disease of cattle caused by a
gradual accumulation of scrapie prion protein (PrPSc),
an anomalous isoform of prion protein (PrP), in the
central nervous system. When young people consume
meat contaminated with PrPSc, they might contract
variant Creutzfeldt-Jakob disease (v-CJD), a human
neurodegenerative malady similar to BSE (Taylor, 2002).
Since its discovery in the UK in 1986 (Smith and Bradley,
2003; BBC News, 2000) and its link to v-CJD in 1996 (Will
et al., 1996), BSE has become a feared zoonotic disease in
many parts of the world, despite well-established control
methodologies. It is a frightening disease, and people do
not always want to accept less than 100% testing of cattle

to assure safety of the public’s health.

Despite the inability to detect prions in cattle
younger than 20 months (Sugiura et al., 2003; The Asahi
Shimbun, 2004), as of 2010 all local governments in Japan
(which are in charge of 76 slaughterhouses across the
nation) still continue to test all healthy slaughtered cattle
due to lack of (so-called) consumer confidence. As early
as August 2005, cattle younger than 21 months of age
were exempted from BSE test, based on the result of risk
assessment by the Food Safety Commission (Sugiura et
al., 2009b). Sugiura and Murray (2007) and Sugiura et
al. (2009a) predict zero cases of BSE in Japan as of 2013,
yet comprehensive (100%) testing persists as a response
to social risk amplification and the perceived need to allay
public fears. This unique Japanese approach to managing
risk directly contradicts general disease control goals
where a country’s surveillance systems should be based on
the outcome of the national risk assessment (Heim et al.,
2006).

What was the profile of events that led to such
government standards from the public outcry? After the
first case of BSE in September 2001, sales of beef fell
drastically from 800 g/month per household to less than 400
g/month (Fig. 1). At that time, the government instituted
100% testing (cattle of all ages for human consumption),
and sales rose significantly to about 600 g in a short time
(Fig. 1; Sawada et al., 2009). Then, the public’s comfort
level in testing was high, but such comprehensive testing
was unnecessary and expensive. Inaccurate governmental
reports (Gray and Ropeik, 2002; Lewis and Tyshenko,
2009) and extensive television media coverage (Clemens,
2003) contributed to public fear of potential BSE cases,
and kept the consumers on edge to maintain such 100%
testing.

Ogoshi et al. (2010) documented the effect of five
major Japanese newspaper articles that were written
during the outbreak from September to October 2001.

They demonstrated that although anxiety levels fell
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with the amount of news that consumers read, the more
information that was provided caused “an increased
distrust of the government and of the information being
provided by the government’. Once issues pertinent to
BSE surveillance are properly explained, we believe that
consumers feel much more confident about the standards
and controls on the safety of meat.

Smith and Riethmuller (1999) conducted a survey
on Australian and Japanese households to determine
consumer concerns over food safety. Informing consumers
has obvious positive attributes when considering consumer
attitudes and risk awareness. Informed consumers would
make more educated choices in buying. However, they
pointed out that there are negative aspects as well,
including time and expense needed to educate citizens, a
risk of “information overload” and the hazards of grasping
enough technical details, and a potential barrier of trust
between the public and source of such information. But,
in the case of Japan and BSE, is (unnecessary) 100%
testing of animals preferred over informing consumers?

A national BSE surveillance system can be profiled
by its objectives, design, diagnostic methods, analysis,
and communication and feedback of results (Stark et al.,
2002; Lynn et al., 2007). Stakeholder analysis of disease
risk assessment is a key component in implementing

such systems which are designed to protect and inform

the public about health safety issues. However, the
characteristics of determining the quality of surveillance
can change between cultures and over time as the needs of
the stakeholders vary (Stark et al., 2002).

Public trust in food safety and testing is not a new
phenomenon in Japan. Since World War II, the public has
faced problems such as arsenic poisoning of milk in 1955
(Ui, 1992), Kanemi rice oil contamination with PCBs in
1968 (Umeda, 1972), banning of tofu preservative AF-2 in
1973 (Consumers Union of Japan web site, 2010), a 1977
consumer-initiated boycott on imported (American) citrus
fruits treated with fungicide OPP (Consumers Union
of Japan web site, 2010), the June 2000 food poisoning
scandal at Snow Brand Milk Products Company (Arnaud,
2000), and others (Consumers Union of Japan web site,
2010; Saito, 2010; Tabuchi, 2007). Trust is not easy to
mend once it is broken, and Snow Brand not only suffered
financially with recalls, lost sales, and lack of customer
confidence, but also a government directive forced Snow
Brand to close two plants permanently. Further proof
of the effect of lost trust is evidenced by the BSE saga
in the UK. (Van Zwanenberg and Millstone, 2005).
There, BSE caused great harm to British agriculture,
the food industry, consumer confidence in food safety,

and in particular, public trust in official policy-making

Institutions.

Figure 1. Comparison of amount of beef purchased and the percentage of beef consumed per household prior to and

following the introduction of BSE into Japan in September 2001 (modified from Sawada et al. in their final report of

Scientific Research from the Japan Society for the Promotion of Science [JSPS # 15580185, in Japanese]).
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Johansson (1986) described Japanese consumers as
“more demanding” in terms of product quality, and the
report compares shopping behavior between Japanese and
Americans. Since World War II, there has been a growing
movement of consumer cooperatives and unions fighting
for food safety concerns. These consumer organizations
were instrumental in urging the government to establish
the Food Safety Commission in 2003. Clearly, Japanese
consumers are interested in food safety issues enough to
actively participate for improvements. Sawada et al. (2009
and references within) add the complication that “Japanese
consumers...have the tendency to adopt the attitude that
domestic foods are safer than imported foods...” In light of
all this, education and distribution of technical information
from official government sources are not well developed.

The objectives of this paper are to provide an overview
of what knowledge Japanese consumers had regarding
BSE infection and control, to discuss the implications
of gaps in such information (real vs. perceived), and to
discuss how to bridge the gap between real and perceived
risk assessment and the optimal surveillance system. We
will use data collected mainly in Hokkaido, the region of
Japan with the largest population of cattle and highest

BSE risk.

2. BSE SCREENING TEST AND SURVEILLANCE IN
JAPAN

BSE was identified in Japan as a notifiable disease,
and passive surveillance commenced in April 1997
(Kadohira et al., 2008; Anonymous, 1997). In April 2001,
the number of bovine brain samples was increased to meet
the international standard set by the Office International
des Epizooties (MAFF, 2001c; OIE, 2001). After detecting
the first case of BSE in September 2001 (Kimura et al.,
2002), the Ministry of Agriculture, Forestry and Fisheries

(MAFF) implemented a ban on the feeding of meat-and-

bone meal (MBM) to all farmed livestock (MAFF, 2001a,
2001b) and further initiated a program of active surveillance
(MAFF, 2001c; Anonymous, 2002; MAFF, 2002; Sugiura
et al., 2008). The change to active surveillance meant
that all slaughtered cattle were to be screened for BSE
using one of the following tests (Kadohira et al., 2008): (1)
Platelia BSE (Bio-Rad Laboratories, California), (2) Enfer
TSE v.2.0 (Enfer Scientific, Ireland), or (3) FRELISA
BSE (Fujirebio, Japan). In April 2004, active surveillance
was extended from slaughtered animals for beef to include
testing of all fallen stock greater than 24 months of age
(Kadohira et al., 2008; Sugiura et al., 2009b).

The probability of detecting BSE using the previously
mentioned tests in cattle younger than 20 months is likely
to be very low (Sugiura et al., 2009b; Normile, 2004),
because it takes approximately 5-6 years for BSE prions to
accumulate in the brain sufficiently to cause BSE. Those
tests can only detect prions in cases six months before an
animal shows clinical symptoms of the disease. Based on
survey data and other information discussed later in this
report, we suspect that this evidence concerning the test
was not properly disseminated to the public in Japan at
that time.

Due to the introduction of Platelia BSE, Enfer TSE,
and FRELISA BSE tests, a higher proportion of BSE
cases—where the animal had been born in 1996 (the first
cohort)—were found not in fallen and downer cattle, but
in apparently healthy slaughtered cattle at the beginning
of the active surveillance in Japan (Kadohira et al., 2008;
Sugiura et al., 2009b). In Europe, too, such screening
tests identified new cases in countries where no clinical
cases had been detected previously (Karaki, 2010). On
one hand, therefore, those testing procedures helped to
identify more cases of BSE, but on the other hand poor
risk communication (Ogoshi et al., 2010) produced excess
trust by Japanese consumers and a perceived need to rely

on them. If healthy cattle could be tested positive, the
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public felt that such testing should be implemented.

3. SOCIAL AMPLIFICATION AND R1SK PERCEPT |ON

The Japanese experience with BSE was a prime
example of social amplification of risk (Lewis and
Tyshenko, 2009; Kasperson et al., 1988; Renn, 1991).
Even four to eight years after the September 2001 initial
case, a majority of survey respondents (60%) admitted
that they had eaten less beef because of their concerns over
food safety (Goddard, 2009). Immediately after the first
case was discovered in September 2001, demand for beef
fell drastically (Fig. 1), with domestic sales falling by 40 %-
50% in that month (Fox and Peterson, 2002, 2004). By the
next month one-fourth of consumers reportedly stopped
eating beef altogether (Clemens, 2003; Fox and Peterson,
2002, 2004). During October 2001, sales (proportion
of beef purchased per household) fell to approximately
two-thirds of the value of a year before (from ~78% of
households to ~45% of households, Sawada et al. (2009);
Fig. 1), then rose to nearly the original levels by fall 2002.
The amount purchased per household took a similar dip
at the onset of the outbreak (from 850 g to 330 g per
month per household)—a decrease to one-third of 2000
purchases—and then a far lesser rise by fall 2002 (to only
about 70% of 2000 amounts, 600 g per month). Even
though sales had resumed in a year, consumers were still
wary, as evidenced by smaller purchases per family.

In 2005, three years after 100% testing was
implemented, the average beef consumption per household
was still reduced (29% lower compared to 2000), and only
68% of homes purchased beef (9% lower than in 2000).
That consumer confidence was being restored is further
supported by Sawada and Sato (Sawada et al., 2008).
They reported that twice as many people were willing
to pay for blanket testing on regular domestic beef, as

compared to the far more expensive Wagyu beef. The

fact that the public was willing at all to pay for higher
priced Wagyu beef suggests that they accepted the cost of
comprehensive active surveillance (100% testing) for the

sake of safety.

4. Methods

In order to understand a causal relationship on
BSE risk perception among customers, we will attempt
to describe how consumers changed their attitude towards
beef consumption and how their knowledge about BSE
screening tests changed. Three types of communication

were Initiated to collect this information.

4.1 Questionnaires to consumers

Data was collected by one of the authors (MS) using
mail-in questionnaires in January 2003, March 2004,
January 2005, and December 2005 (Sawada et al., 2009).
The study site was Kiyota-ku, a suburb of Hokkaido’s
largest city Sapporo. A two-stage sampling method with
probability proportional to size was employed on 1,000
people initially selected. This was narrowed down to about
300, from which valid responses were received from about

35%-40% of those surveyed.

4.2 Risk conmunication meetings for Hokkaido stakeholders

Four public meetings were held in Hokkaido in 2007
when the food safety commission of Japan and Hokkaido
government disseminated risk assessment results concerning
the exemption of healthy cattle younger than 20-months-
old from BSE testing at slaughterhouses. The Hokkaido
government official web sites were used to gather
opinions from all stakeholders who participated in the
four meetings. These stakeholders included farmers (76),
consumers (51), government staff (66), people involved in
the food processing and retail business (42), and others

(15) (Kadohira and Kobayashi, 2009).
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4.3 Workshop for veterinarians

A workshop was conducted in Tokyo in December
2008 to identify problems in comprehensive animal testing
and to discuss how to change attitudes of consumers to
be more in line with the officially recognized surveillance
system that did not include 100% testing. Fourteen
veterinarians participated from Fukuoka, Kanagawa,
Hiroshima, Tokushima, Chiba, and Osaka, and all were
involved in active BSE surveillance.

The participants were divided into three groups.
After a brainstorming session, ten main problems were
identified related to comprehensive animal testing for
BSE. For example, they were about on-farm issues (e.g.,
traceability), stakeholders such as consumers seeking zero
risk, and extra costs imposed at slaughterhouses (Kadohira

and Horikita, 2009).

5. Results

5.1 Consumer questionnaires

In January 2003, 40% of respondents answered
that they had stopped buying beef after the first BSE
case was detected; 35% had reduced the amount of beef
purchased; and 23% said their intake was not influenced
by the BSE outbreak. Between January 2003 and
March 2004, proportions of consumers’ fear on eating
domestic beef reduced from 35% to 27% (8%); safety
confidence compared to other foods increased from 24 %
to 36% (12%) because of comprehensive animal testing.
They said they trust university researchers more than
consumer organizations, international organizations such
as OIE, and government sources such as the Ministry of
Agriculture. The major national newspaper was considered
more reliable than television news and other TV programs
as an information resource. Most participants accept the
statement that there is no such thing as 100% food safety,

and they recognized that BSE prions transmit through the

meat and bone meal. However, only 28% were aware of
limitations of screening tests that are unable to detect BSE-
infected cattle younger than 20 months. Half of consumers
in this survey had incorrect knowledge related to fear of
food safety. For example, some said that prions accumulate
in any body parts of cattle including muscle (beef). There
were different views in the public’s understanding of BSE
based on respondent ages (over 40 years versus younger).
However, the majority of respondents supported 100%
animal testing despite knowing there is no 100 % assurance

of safety.

5.2 Risk communication meetings for Hokkaido stakeholders

Table 1 shows the breakdown of responses from
various attendees to the concept of blanket testing for
BSE. A significant minority (20%) seemed to understand
testing standards and controls and to accept the scientific
risks of less than 100 % testing. In contrast, approximately
77% of participants in these four meetings supported
continuing blanket testing. Farmers naturally felt it was
necessary to prove the safety of beef, which of course
would lead to more income for them. Consumers thought
that such testing is the best means to guarantee beef safety.
Local government and producers/farmers understood and
accepted official risk assessment results, but they put
more value on consumer confidence. They wanted to
request that risk managers (government officers) provide
more information to consumers and promote better risk
communication to the public, but admitted that it was
cheaper to do testing than to educate and inform citizens.
When participants of these meetings were asked what they
felt was needed most, the overwhelming answer by all
parties (including consumers) was more education, media

coverage, and ease of access to such information.
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Table 1. Views & opinions from 4 risk communication meetings in Hokkaido, 2007
Reasons given by breakdown of participants
for their attitude toward 100% testing
Retailers Gover ¢ Others
Attitude toward | Farmers & Consumers ovtsat:frfnen (univ. Perceptions about the need for
100% testing (n=76) processors (n=>51) (n = 66) stdents) | 100% testing
(n=42) B (n=15)
Prove 4-5 more . Test costs To detect
. . Believe such | are less than s
Continue beef years till L more Can’t accept or understand the
testing 1s PR & .o .
77.1% safety for consumers . . BSE real scientific risk
reliable educating
more sales | understand : cases
the public
Risk . They To avoid
control in Educating Useless .
. . understand . wasteful | Control is properly done; they
Discontinue place; consumers . spending of . .
. the risk for . spending |understand the risk assessment
20.4 % accept is public .
. . . younger of public | results
international | important resources
cattle resources
standards
Data translated from http://www.pref.hokkaido.lg.jp/ns/tss/rakuchiku/bse/bse-ikennkoukann.htm, cited October 2008;
in Japanese. Only the overall percentage for continue and discontinue are shown; proportions within each group of
meeting participants are not available.

5.3 Workshop for veterinarians

Table 2 shows the breakdown of discussion points
for the workshop. These professionals clearly recognized
that on a scientific basis, there was no point in testing
100% of animals (Maclachlan, 1997), but the general
public seemed unaware of this. As a result, their
demands to ensure food safety blocked efforts to stop
such testing, and the veterinarians agreed that to resolve
this problem, a dialogue was needed between local and
central governments to exchange information and describe
situations at both levels. There were discussions at the
workshop about proposed procedures for meat examiners
and issuance of certificates of safety, but no consensus was

achieved. By far the most agreed upon conclusion that was

reached was that a better explanation of BSE surveillance

and infection was needed for the sake of the general public.
Moreover, the consumers’ risk perception was perceived
as a necessity to be shared among all stakeholders.

As a result, participants felt more support was
needed from news media (and, specifically, newspapers
more than television), to disseminate proper information
about the use of money and time for testing, and how
international standardized control measures were truly
effective. Although consumers felt more comfortable with
academic sources (such as university researchers) providing
such information, the workshop participants agreed that
whomever was selected to make such explanations, clear
simple messages would be the most effective to appeal to

consumers about beef safety.

Table 2. Summary of discussion points from veterinarian workshop

Background

A .Scientifically, 100% animal testing is unnecessary.
B.Despite scientific evidence, such testing has not been changed.
C.Local & central governments must collaborate more.

Monitoring SRM*

A.Proper removal of SRM must be guaranteed.
B.Removal of SRM must be monitored & recorded.
C.Certificates for SRM removal should be issued.

Conclusion: Must gain more media support with easy-to-understand messages

*SRM = specified risk material
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6. Discussion

Much consumer research has been conducted at
the local government level in Japan (Maclachlan, 1997).
However, the results of many information meetings with
the public are not readily available. Our questionnaire
survey done in Sapporo shows figures similar to the
national proportions (Fig.1). In other words, the surveys
done in Kiyota-ku, Sapporo might provide a reliable
indicator for nationwide opinions on beef safety. Our
research results indicate that consumers in Japan do not
have enough information on BSE testing. The majority of
the national population seeks comprehensive BSE testing
against all slaughtered cattle, even though they understand
there is no 100% guarantee of zero risk.

Despite the government’s decision to exempt
younger than 21-month-old cattle from BSE testing at
slaughterhouses, beef producers were willing to continue
testing all cattle because of the public’s feelings toward
safety about beef. However, veterinarians that we
consulted in our workshop unanimously would like
to convince consumers that testing only animals over
21 months of age is safe enough and that continuing
comprehensive animal testing is a waste of money. At
the workshop, every participant felt it was a worthwhile
meeting, mainly due to interactive opinion exchanges
(intellectual dialogue) among themselves. An ultimate
goal of veterinary epidemiological research is to identify
problems and propose solutions in fields of public and
animal health; therefore, using workshops such as this one
would be a useful tool to enhance awareness among all
stakeholders (including consumers)—who would be invited
to participate—in order to achieve such goals (Kadohira
and Horikita, 2009).

Findings from social science research on risk
perception should allow direct application in the domains

of risk regulation and management (Pidgeon, 1998).

Pidgeon (1998) argued whether consumer evaluation
of the qualities of a hazard should actually enter into
policy decisions about investing public resources in safety
measures. Public participation in the processes of risk
decision making is not only desirable on ethical grounds,
but can also tell us useful things which might then be used
to greatly enrich formal risk analyses and provide one form
of guidance on risk tolerability criteria to be adopted for
policy. Participatory decision making can 1) increase an
individual’s commitment to the course of action selected
and 2) increase trust in the organizations who manage
the risk and through this lead to greater acceptance of
hazards.

There are several means by which consumers and
other stakeholders can collaborate to learn more about
disease risk issues. As we have shown in this study,
these can include public questionnaires (followed by
clear interpretation of such data, of course) taken quickly
during the outbreak period. Assembling knowledgeable
scientists such as veterinarians in workshops can serve
as an initial step in reaching a consensus on what issues
are important, and then following up on such meetings
by involving citizens’ groups and government personnel
would be a logical next step that could lead to clearer
explanations of technical language and bases upon which
policies are made to create or follow accepted standard for
testing.

Yoshida and Matsui (2007) led the 2005-2008 Genetic
Modified Organisms (GMO) Dialogue Forum Project
(Yoshida, 2008) to fill the communication gap between
various stakeholders related to GMO in Hokkaido,
Japan. This trial has materialized as a new research
project to redesign risk communication. They identified
communication gaps and key interactions among the
stakeholders, including a government-academia network
with “the aim of rebuilding trust between scientists and

concerned peoples” (Fig. 2). Yoshida and Matsui (2007)
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brought scientific knowledge to local citizens through
forums and roundtable conferences, much like our own
workshop and public meetings. Their end result was a
stakeholder statement, which was handed over to the
Hokkaido Government to recommend conducting pre-
testing with presence of consumers in a smaller scale prior
to introduction of GMO and was used in part as official
reference to improve Hokkaido GM legislation system. A
“hybridization of multifold dialogues, the combination of
small dialogue forum and roundtable conference and large
dialogue forum” served to “improve both researchers’ social
literacy and lay-peoples’ scientific literacy”. These goals,
methods, and results are ideally suited to the situation at
hand with regard to BSE in Japan, and we hope that a
similar result can be produced.

Similar to the GMO project, but instead related
to BSE blanket testing, we have started to conduct
several small scale forums in Hokkaido, together with a
roundtable discussion among stakeholders. Later, we hope
to be able to write a proposal and submit it to the local
and/or central government to help fill the gap in a similar

way to the GMO Dialogue Forum Project.

7. Gonclusion

BSE risk communication is still in the infancy stage
in Japan. Participatory technology assessment is urgently
needed by including all stakeholders in order to build
trust among them. Stakeholders such as researchers,
consumers, farmers, food processors, food distributors,
consumers, government, and mass media must come to
the dialogue table, respect each other, and have long and
repeated discussions. We have shown with surveys and
public meetings just how consumer perceptions about BSE
are shaped and how they can progress into more fruitful
outcomes with the right levels of communication among
appropriate parties.

Consumers are the end users in the food supply
chain, and it is critical to protect their health and well-
being. We believe this can be accomplished in situations
such as GMOs and BSE not only by properly informing
the public and educating them about food safety issues—
thus, bridging the communication “gap’—but also
by joining forces with all stakeholders to establish the
atmosphere of trust across all social borders. To that end,
we hope to improve on existing methods and develop
more effective risk communication approaches in order to
obtain common understandings which reflect on the food

safety policy.

3-Step Dialogue Model for GMO Dialogue Forum Project

1.Foundation - mini-dialogue forums
Implemented May 2006

Focused on human resources & problem sharing

2.Roundtable Assembly
Conducted March 2007 & April 2008

Discussions on shared problems

Common understanding among stakeholders’ experiences
Analysis of data led to agenda for large-scale forum

3.Large-scale Dialogue Forum
Held August 2008

Dialogue teams & information provider discussed joint declaration to be submitted to the government

Figure 2. Outline of GMO Dialogue Forum Project chain of events (adapted from Yoshida and Matsui, 2007)
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Abstract

Routine check of the daily gain of beef cattle is
important to find some cattle with health problem.
However, these processes need a large amount of labor for
the farmers. The purpose of this study was to investigate
the accuracy of measuring the live body weight using image
analysis for beef cattle. Japanese Black calves (n=142),
shipped to a livestock market in Hokkaido were used. They
were taken digital images by USB camera which was set on
the vertical direction during the body weighing. Photoshop
(Adobe Systems Incorporated) was used to extract cattle
body from the digital image of vertical direction manually
and to count the number of pixels automatically. Numbers
of pixels of individual cattle were averaged for each cattle
and calculated the correlation coefficient between the live
body weight and the averaged number of pixels of cattle
body. The correlation coefficient of them was 0.83. The
correlation coefficient showed a slightly high value (r=0.85)
excluding the inappropriate digital image for the posture of

cattle. The repetitive errors of animal which have several

BfE - s
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digital images were also calculated by appropriate posture
of cattle (a), by digital images including inappropriate
posture of cattle (b). The repetitive errors within 3% were
78% for (a) and 37% for (b), respectively. The result of
this study indicated that the possibility of weight predicting
system for the beef calves using image analysis with high
precision.
[Key words |
Image analysis, Japanese Black, prediction of body

weight, number of pixel
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Effects of plant density and nitrogen application on the yield of spring-sowing canola

Masahiro Akimoto', Shingo Kitabatake>

m =

FEE LT Z R, (5T VR & TFF %7 ORI 2 A & 28 F e & o
REFTEL, HHHHICBWTT ¥ ROFREERIE LT O 12D O Y 25 E BT 1L A AR L
2o FRAEEEE (A : 250m BERE] & BKHE & kb OARUENA © 50cm BERE]) & 22 @A (N -4. 0kg/10a,
N -8.0kg/10a, XL TN -12.0kg/10a) ZALHEFR & LI AMAEHEIC L D 6 DONEX %
FREL, 20009E5 H 7 BIZX T VARV EF T X T ORMEITo7-, LT, [UHERHZ AP
T LR DTERERFE & B A & 72 ) OFE U LRI E A G L7z, T YRS T, A
ROELN T D ERMIL OB RN RO B, EHRNELZ8. 0kg/10a R°12. 0kg/10a i JH L7z X
T4. Okg/10a i L7z X L0 B @< e ofe, ZORER, EHIE%8. 0kg/10a LL EHEH L7
X CIERBREIR IR OBUR A Uz, Wi & b, R L 72 K CHNZEfE H 72 D OFE TSP
AR EA &< g oTe, TR T T, BHETT 12X O 9 HERNEE 2 4. Okg/10a fiH] L7z
TR E LRI E e b < e oo, PBEHUGICIS T 57 2 R OFFE S HEE T, Bk
HEH I AEE 2 @ <RE L FPENEEZ MG TE D LB LD, Fi, BUROERER
INEDED D EFNIEEAS. 0kg/10a LV DR < MATIFZIVIFELVWEEZ HND,

F—U—F:Fxx, BEE, REEE EFREEE

NTWob, LD biFAA 4T 4 —EMCE LT, BRE

o R OMERF T OFIG A E <, Bl &EA L THEAL

NAF L ) — RN, FTF ¢ —EN, EIBE 72 &, 7oA, NRRALKSESS— B bR, eIk E
AN D DI HRORE T L F—DOFIHNEH S OYEHEN D2 2D 2 LD, BREICRS LWWNA F

T

IR R PER S HUER B AT SR P
* JbifpiE R L P G A 2% (20104F 3 H A IR E K ia e S 2 3E)
' Department of Agro-Environmental Science, Obihiro University of Agriculture and Veterinary Medicine

*Hokkaido NOSAI
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I, BEREMOLEDEERRbEV, LnL, BERMO
AT, PSSR OFREIZ 2 A R DIED,
EPEM D SE BP0 ) R T W EDORIEDR & 5,
NAFT 4 —BNEEE LTREEIMCKE VLT
DO, FHIRLLA X EOMEHEm TH D, ZD D
L& R, oA AT 4 —BVHOMEHERIZ A
HAAL RS M 72 0 OMAGIEA R <, MBI 73k A
AIRECTHHI 2RI L8 DG 2172 570 &, AL
OFENRZ, ZNHDZ D, AT 4 —ELAEk
BEIZ T 7236 E RO BRI O 5T, ITF T
IZBWTT Z ROBRENPE K L TE TV D (EMOKER
Ft 2011),

HEE ORI BT T F RISk T B H MR
FoTW5D, ZOFHFTIX, = A4F, 58, 7%
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application on the yield of spring—sowing canola.

Abstract

The effects of plant density and nitrogen application

to the yield of canola, “Kirariboshi” and “Nanashikibu”,
sowed in the spring were studied for understanding optimal
cultivation methods of spring-sowing canola in Tokachi. The
experiment had 2 x 3 factorial designs for respective varieties
with plant density (dense planting by 25cm furrow and
standard planting in winter-sowing canola by 50cm furrow)
and nitrogen application (N-4.0kg/10a, N-8.0kg/10a, and
N-12.0kg/10a) as factors. The seeds of Kirariboshi and
Nanashikibu were sown in those 6 experimental plots on
7-May 2009. Then, at the harvest time, morphological
characters of individual plants, and grain-yield and oil-yield
per unit area were recorded for the respective treatment
plots. Positive effect of nitrogen application to the plant
height was detected for Kirariboshi. Plants in the plots with
the nitrogen application of 8.0kg/10a and 12kg/10a were
taller than those in the rest plots, resulting in severe lodging
during the cultivation period. In both of the varieties, higher
grain-yield and oil-yields were observed at the plots where
dense planting was performed. Among the dense planting
plots of Nanashikibu, both yields came to be the highest

with nitrogen application of 4.0kg/10a. It is considered that

the dense planting by narrower furrow than the standard
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spacing of winter-sowing canola, and nitrogen application
less than 8.0kg/10a are appropriate for the cultivation of
spring-sowing canola in Tokachi with regard to the yields

as well as the prevention of plant lodging.
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Honey bee exposure to clothianidin -analysis of agrochemicals using surface enhanced Raman spectroscopy-

Hideo Kakuta?, Masao Gen?, Yoshihito Kamimoto?, Yoh Horikawa#®
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Fig.2. Aerial spraying of pesticides by helicopter in the S city neighboring W town.
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Fig.3.Raman (Solid state) spectra of clothianidin (above). SERS (Surface Enhanced

Raman Spectrum) of honey bee extracts (washing) contained clothianidin

(below).
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Abstract

We conducted experiments to detect clothianidin
on body surface of honey bee using silver nanoparticle-
substrate by surface enhanced Raman spectroscopy
(SERS). Most of the honey bee samples, collected from
bee hives near Kamikawa area in Hokkaido, were exposed
to about 1 to 4 ng clothianidin / bee on body surface.
These results suggest that clothianidin residue found
on body surface possibly affect the health of honey bee

colonies.
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Abstract

In this paper I will share a simple four skills activity that can be set up in the Moodle
database module that “kills many birds with one stone.” In many activities in the foreign language
classroom there are logistical problems that need to be overcome when an instructor wishes to do
communicative activities. For example, in a class with a large number of students, 40 or more, it
can be difficult and time consuming to create pairs or groups. If you want people to have multiple
partners, again there is the problem of moving students around and the delays involved in the
process. If the activity is paper based then there is the problem of collecting and redistributing the
paper. If the instructor wants to get an idea of the students’ output, there is the added burden of
sorting through all those pieces of paper and the delay that it involves. By creating an activity using
the Moodle database module in a blended learning environment (a combination of in class computer
work and traditional face-to-face activities) the instructor can give the students the opportunity to
practice speaking, listening, writing and reading quickly and easily while monitoring student output

and with students receiving timely feedback.
Keywords: Four skills, Moodle, Database Module, Blended Learning, LMS

Introduction with the grammar translation method with a smattering of

communicative activities thrown in the mix. The students

In Japan a majority of university students have had arrive at university with a basic knowledge of English
at least six years of English instruction: three in junior high grammar, a core vocabulary, and the ability to read and
and three in high school. For many of them it has been write simple English sentences. What the majority of them
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lack are the sociolinguistic and strategic competencies as
defined by Canale and Swain (1980). In the two English
Communication courses that I teach one of the goals is for
the students to develop skills and techniques to be able to
communicate confidently, competently and fluently with
the English knowledge they already possess. To achieve
this goal I am always trying to find classroom activities
that require the students to use all four skills (reading,
writing, listening and speaking) about a topic they can
relate to and where they can get immediate feedback. The
“Something Interesting” activity in the database module
of Moodle (Modular Object-Oriented Dynamic Learning
Environment), a Learning Management System , meets
these three requirements.

First, I will explain the six aims of the activity
followed by how to set up of the database and the
classroom setting where it was used. Next, I will tell how
the activity is conducted and the results of the activity.
Finally, I will present my conclusions and possible areas

for future research using this activity.

Aims of the Activity

In creating this activity I had six aims. First, I was
looking for warm up activity to use at the beginning of the
lesson. I wanted students to get into an English mode to
get them ready for the rest of the lesson. Next, I wanted
them to have a chance to share information about their
interests and activities which is tied to the third aim of
creating a stronger sense of learning community among
the students. Osterman writes, “A community exists when
its members experience a sense of belonging or personal
relatedness...the community has a shared and emotional
sense of connection.” (qtd. in Summers & Svinicki, 2007).
Even though they take other courses together or belong to
the same clubs they don’t always know that much about

each other. I also wanted the students to improve their
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speaking and writing fluencies by working with topics they
are familiar, but with the pressure of time limits. There was
also the desire to raise their awareness of the importance
of providing details and asking for details when they aren’t
provided. This idea is based on Schmidt’s (1990) noticing
hypothesis that states, “...what learners notice in input is
what becomes intake for learning.” Finally, I wanted them

to become more comfortable with typing because it is an

important skill for online communication.

Setting & Set up

This activity was used in English Communication II,
a four-skills course for first year agriculture and veterinary
medicine students. All the students had completed English
Communication I in the spring semester. The course was
15 weeks and the activity started in the third week of
the semester. There were three classes with 43, 30 and
12 students. The activity was conducted for 15 minutes
at the beginning of each class period. The classes were
conducted in a computer lab, so each student had their
own computer. T'wo classes, one with 43 students and the
other 12, were held in the largest computer lab with 60
machines and the other class, with 30 students, was in a
smaller lab that had only 34 computers.

The database activity module of Moodle 1.9 was
used and the database I made was very simple (Fig. 1).
There is a space for the partner’s name and a text box
for inputing what they learned from their partner. The
database automatically puts in the date, time and the
name of the student posting. In the “View List” there is
a link to the comments and in the “View Single” it is
possible to see any comments that have been posted (Figs.
2 & 3). In the settings for the database it is important to
remember to have “Comments” set to “Yes” and “Require
Approval” set to “No” (Fig. 4). Also, if you only want to

students to be able to only read and comment on the other
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Figure 3. View single shows the posting of an individual

student and related comments.

students in their class you will need to create groups and
check “Available for group members only.”

The decision to use the database module instead
of the blog, forum, chat or online activity Moodle
modules was based on the ease with which I could read
the students’ postings and the students could read and
comment on their classmates’ postings. Fellner & Apple
(2006) in using blogs in an intensive English course
found, “This interactive aspect of commenting on their

classmates’ posted messages was clearly one of the most
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Figure 4. Settings window for of the database

interesting aspects for students.” However, they discovered
a drawback in the commenting system of the blog.

“The potential immediacy of feedback was also
cause for frustration, which sometimes occurred because
student emails and comments often took several minutes
to appear on the class blog.” (p. 24)

I also considered using the forum module, but
there is the issue of how quickly the students’ post will
be viewable. At the time I set up this activity there was a

technical problem with my Moodle installation which
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made it difficult to get prompt forum updates. In using
the forum module there is also the problem of easily
associating the posting student with their partner.

Using the database module solved these problems
with the added benefit of being able to rearrange them
in an ascending or descending order. It is also possible to
casily search the entries. The flexibility and customizability

that this module offers an instructor are its main strengths.

Process

The activity is broken down into three, five-minute
blocks. The students were told to talk with a partner for
five minutes about anything they wished as long as it was
in English. It was suggested that they check vocabulary
before class and were asked not to stop to check a
dictionary during the five minute talking time. Both
people were supposed to share something in that five-
minute period. They were to be active listeners and use
the expressions and techniques for keeping a conversation
going that they learned in English Communication 1 the
previous semester. During this stage I walked around the
classroom monitoring students and providing assistance
with language when needed.

To keep the amount of time required for creating
pairs to a minimum the students usually spoke to the
person behind them, but occasionally they would speak
to the person to their right or left. From the beginning
of English Communication 1 the previous semester the
students had been encouraged not to sit with the same
people every week and their class participation grade was
partially based on how well they followed through on this
requirement. Most students followed the instructions, so
they did have a different partner every week.

After speaking with their partner for five minutes
they had five minutes to record the information in

the database. Again they were encouraged not to use

67

dictionaries. They were told to try to get down as many
details as they could in five minutes. They were supposed
to write in full sentences as a paragraph and not bullet
points. They could double check information with their
partner during this time if they wished.

When this five-minute block was finished they
read their classmates postings and made comments and
asked questions. Again they only had five minutes and
they were told to try to read and comment on as many
people as possible in that time. They could read anyone
they wished. If they felt there was information missing or
they wanted more details they were supposed to ask more
questions. It could be worded as if they were asking the
person who typed the information or the partner who gave
the information.

I took part in this part of the activity by reading
and commenting on several of students’ postings. I usually
looked for a student who wasn’t getting any comments.
After the class I would also read over the postings and
comments to look for common themes and errors. The
students could, if they wished, go back and answer the
questions they were asked outside of class. Some students
also did it in class as seen if Fig. 1 where a student
answered my question (Note: Taro Urashima was student
account that I created to test different aspects of Moodle
from the students perspective. I also used it when I
wanted to present something to the students as they would

normally see it and not from my screen as a teacher.)

Results

After 12 weeks of doing the activity (we started
doing it the third week and it wasn’t done during the
last class meeting of the semester) can I say the activity
achieved all my objectives? I would have to say the results
were mixed. The activity did work well as a warm up

activity. The students came in, got logged into the system,



An activity using the Moodle database module in a blended learning environment to practice all four English skills with Japanese university students

What da think aboul the “Something Interesting™ activity we did every

weok?
Mo opinian || 3
) 1 et [ 5.00
g ik (2 eeeessss— (00 %]
I vl oy | | |3
=T s 12 [ 1506 ]
L fita&d al 1185

Average: 168

Figure 5. Students’ feelings about the

and we started up with “Something Interesting” and they
were into English. I also think it helped to improve the
sense of a learning community. Being the second semester
of the year they had already created friendships and if they
had been allowed to they would have only sat by the same
people every week. This activity gave them the chance to
learn more about classmates that they would have never
spoken with normally at this point in the academic year.
The other area where I think this activity succeeded was
in getting them more comfortable with typing. In walking
around room during the 5 minutes they were inputing the
information from their partner I could see over the course
of the semester that a majority of students were typing
faster. This could have been because of this activity or
the fact all the homework assignments for this course were
typed online and they just got better with general practice.

Did this activity help them improve their speaking
and writing fluencies? To that question I have to answer
I am not sure. In walking around the room during the
speaking activity I heard very little Japanese, so they were
staying in English. I also heard the conversation strategies
they had learned in the spring semester being used, but
there was still a lot of dictionary usage. This was a sign
to me that they had not looked up the words they might
use before class and they weren’t comfortable with or still
didn’t know how to explain the meaning of a Japanese
word when they didn’t know an English equivalent. The

writing fluency, based on the number of words that the
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“Something Interesting” activity.

students wrote in the five-minute period, didn’t seem to
improve even though they seemed to be more comfortable
with typing.

The other area that didn’t seem to improve was the
awareness of giving details. After 12 weeks the students
still only gave the most basic information. For example,
a common sentence would be, “He went to a restaurant.”
and in the comments people would ask “Who did he/you
go with?” or “What restaurant did he/you go to? To me
this shows that the students still need work in English
Communication I and II with giving more detailed
information. Related to this was the fact that students
mainly talked about their weekends or club activities.
They could talk about anything they wanted and I told
them every week before starting the activity that the topic
could be something interesting they had done or read
in another course, or seen on TV or the internet. They
still preferred to talk about the same general things week
after week. I believe that the reason for this is the lack of
vocabulary to discuss other topics.

One concern with doing an activity like this every
week was that the students would become bored with it or
not see the utility of repeating it. In my course evaluation
at the end of the semester I found that four students
loved the activity, 32 liked it, 31 thought is was okay, 12
disliked it and one hated it (Fig. 5). I didn’t do a follow
up question to find why they felt that way, but next time

that type of question will be included. These results show
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that a majority of them didn’t become bored with activity

even when doing it every week.

Conclusion

After evaluating this activity I feel it will be
worthwhile to use it again in the future. This activity
allows the students to use all four skills and using the
Moodle database module provides an easy method to
collect student information and for them to get feedback
from me and their peers. There are some changes that I
will try to make to the database and the way the activity
is conducted. For the database I will try to add a word
count feature to make it easier to see if the students are
increasing the number of words they enter from the
beginning of the semester to the end. To get the students
to talk about more diverse topics I will include a pull
down menu or check boxes with different categories such
as sports, academics, politics, and part-time job. This will
also allow me to sort the postings by the categories and see
which topics were the most popular. Another change that
I will make is to add another five-minute period to allow
the students to reply to the comments and questions left
by their classmates. By doing this I hope they will be more
aware of the type of information they need to give when
they are sharing information with their partner or what
they need to include when posting what their partner told
them.

With changes to this activity and the database I think
it will be possible to evaluate the students’ improvements
in speaking and writing fluencies. Using this activity
would overcome the problems Herder (2009) met with in
conducting research on extensive writing in a Japanese
high school in the area of data collection and data analysis
when using paper-based methods.

This activity, like many that are used by instructors

interested in computer assisted language, could be done
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with pen and paper, but it would be more difficult and more
time consuming to do. I also think that this activity shows
the power of blended learning environment where computer
use and traditional classroom face-to-face interaction can be

combined for an effective learning experience.
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Abstract

This paper reviewed existing lactation models which are mainly applied to dairy cows. There

are many related papers; in 50 papers, 90 lactation curves are presented. The most frequently used

model is Wood’s (1967), which was quoted in 75 papers. In general, the earlier the year of the model

presented in the paper, the higher its frequency of quotation. Wood’s (1967) model was followed

by other models from Brody et al. (1923), Sikka (1950), Nelder (1966), Dave (1971), Cobby et al.

(1978), Ali et al. (1987), Wilmink (1987), and Grossman et al. (1988); these models were quoted

9, 8, 17, 11, 9, 12, 18, and 11 times, respectively. The classic models, which have been mainly

described as the function of time, have less room for improvement and have become increasingly

complicated of late. Test-day models have room for further reversion.

Key words ; lactation curve, classic model, test day model, review, cows

1. Introduction

There are many papers on lactation curves in empirical
and theoretical research, and it is almost impossible to
review all of these studies. However, even if a literature
review is not exhaustive, it is informative when applying
lactation curves as long as most of the lactation curves

are listed and brief summaries are provided. The purpose

of this paper is to review existing lactation curves as
thoroughly as possible and provide information on the
animals to which they were applied and the frequency of
application. In this paper, information on lactation curves,
which is proposed and applied to cows, were mainly
gathered. Lactation curves for other animals such as ewes,
buffalo, goats, and deer are also reviewed, as is the egg

production of hens. This is because lactation models first
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proposed for cows have also been applied to these animals,

and vice versa.

2. Materials and Methods

This paper reviewed existing studies which presented
new lactation curves, reviewed several lactation curves
and applied lactation curves empirically. To the best
of the author’s knowledge, comprehensive reviews of
lactation curves are provided only by Lombaard (2006)
and Steri (2010), both of whom devoted one chapter of
their doctoral dissertations to reviewing lactation curves.

This paper did not cover all existing studies on
lactation curves, nor did the author gather all the papers
cited in this paper. Therefore, some information presented
in this paper has not confirmed by the original study.
Terminology is generally consistent with the original
paper: Holstein, Friesian, and Holstein-Friesian are used
for the same species and the species name (Holstein,
Friesian, or Holstein-Friesian) used in the original paper
is also used in this paper. Explanations of variables are
often taken directly from papers which quote that model.

In the results section, the following data are provided.

(No.) name of model (author(s), year of
publication, name of species)

Equation of model

[Explanation] If necessary

[Applications] No. of paper (name of species,
review/theory; year of publication)

If there is no model name used in original or quoted
papers, ‘name of author (year of publication)’ is provided.

The explanations for variables used in this paper are
as follows.

Y : yield predicted on time ¢
daily egg production
t : time (day, week, etc)

t,b,C,d,f,g:parameters
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Otherwise, explanations are provided after each equation.
If the parameters are used in a different way, they are also

explained with each equation.

3. Results
3.1. Classic Models
(1) Exponential decline model (Brody et al., 1923; Dairy

cows)
Y= Llexp(— Cl‘)

[APPLICATIONS)]

[124] (Holstein cow; 1995), [27] (cow; 2000), [79] (Red
deer hind Cervus elaphus; 2000), [109] (Irish dairy cow;
2005), [83] (review; 2006), [110] (cow; review; 2007), [78]

(Holstein cow; 2008), [29] (cow; 2010), [130] (review; 2010)

(2) Brody et al. (1924) model
Y= aexp(-bt)—aexp(-ct)

[APPLICATIONS]
[124] (Holstein cow; 1995), [27] (cow; 2000), [109] (Irish
dairy cow; 2005), [83] (review; 2006), [110] (cow; review;

2007), [29] (cow; 2010), [130] (review; 2010)

(3) Parabolic exponential model (Sikka, 1950; dairy cows)
Y=aexp (bt —ct 2)

[APPLICATIONS]

[124] (Holstein cow; 1995), [27] (cow; 2000), [79] (Red
deer hind Cervus elaphus;2000), [134] (Angus, European
Brown Swiss, their reciprocal - crosses; 2004), [109] (Irish
dairy cow; 2005), [83] (review; 2006), [110] (cow; review;

2007), [130] (review; 2010)
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(4) Fischer (1958) model
Y=a-bt—aexp(-ct)

[APPLICATIONS], [26] (cow; 1978), [114] (British Friesian
cow; 1982), [124] (Holstein cow; 1995), [136] (cow; 2000),

[83] (review; 2006)

(5) Vujicic et al. (1961) model
Y=tc"exp(~ct)

[APPLICATIONS]

[83] (review; 2006)

(6) Inverse quadratic polynomial model (Nelder, 1966;

Yadav et al., 1977)

t
T a+btrct?

[EXPLANATION]

This model was first presented by Nelder (1966). Yadav et
al. (1977) empirically applied it to dairy cattle (Koncagul
et al., 2008). Sometimes this model is quoted as Yadav et
al. (1977).

[APPLICATIONS)]

[10] (cow; 1986), [124] (Holstein cow; 1995), [122]
(Holstein cow; 1996), [96] (Holstein - Friesian cow;
1999a), [133] (Holstein - Friesian cow; 1999), [27] (cow;
2000), [79] (Red deer hind Cervus elaphus; 2000), [21]
(Italian water buffalo; 2002), [134] (Angus, European
Brown Swiss, their reciprocal - crosses; 2004), [30]
(Awassi ewe; 2005), [109] (Irish dairy cow; 2005), [83]
(review; 2006), [110] (cow; 2007), [77] (Holstein cow;
2008), [78] (Holstein cow; 2008), [28] (Guzera and Sindi

cattle ; 2009), [130] (review; 2010)

(7) Incomplete gamma model (Wood, 1967; Friesian cows)

Y=at"exp(~ct)
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[APPLICATIONS]

[147] (Friesian cow; 1968), [148] (Friesian cow; 1969),
[149] (British Friesian cow; 1970), [150] (cow; 1972), [151]
(cow; 1976), [26] (cow; 1978), [85] (Holstein - Friesian,
Holstein - Friesian - Gir., Jersey; 1979), [132] (Crossbred
sheep; 1980), [121] (Brown Swiss cow; 1981), [123] (cow;
1981), [114] (British Friesian cow; 1982), [58] (cow; 1984),
[44] (Holstein - Friesian cow; 1985), [59] (cow; 1985),
[12] (Gyr dairy cow; 1986), [129] (Simmetal cow; 1987),
[65] (Dutch Friesian cow; 1988), [81] (British Friesian
cow; 1992), [116] (US Sheep breed; 1992), [113] (cow;
1993), [141] (cow; 1993), [143] (White British dairy goat;
1993), [124] (Holstein cow; 1995), [61] (Merino sheep;
1995), [115] (goat; 1995), [62] (Merino sheep; 1996), [106]
(Comisana sheep; 1996), [122] (Holstein cow; 1996), [70]
(cow; 1997), [100] (Crossbred cow; 1997), [34] (Holstein
cow; 1998), [76] (Hanwoo Korean beef cow; 1998), [137]
(Spanish dairy cow; 1998), [46] (Massese sheep; 1999),
[96] (Holstein - Friesian cow; 1999a), [133] (Holstein
- Friesian cow; 1999), [27] (cow; 2000), [79] (Red deer
hind Cervus elaphus;2000), [105] (Dairy sheep; 2000),
[111] (Holstein - Friesian cow; 2000), [131] (Turkish
Holstein cow; 2000), [136] (cow; 2000), [7] (Red Sokoto
goat; 2001), [22] (Dairy sheep; 2001), [21] (Italian water
buffalo; 2002), [23] (Dairy sheep; 2002), [43] (Murciano
- Granadina goat; 2002), [103] (Holstein - Friesian cow;
2002), [63] (Saanen diary goat; 2003), [112] (Holstein -
Friesian cow; 2003), [128] (Black and White cow; 2004),
[134] (Angus, European Brown Swiss, their reciprocal -
crosses; 2004), [30] (Awassi ewe; 2005), [99] (Holstein X
Zebu, Holstein X Sahiwal cow; 2005), [109] (Irish dairy
cow; 2005), [8] (Egyptian buffalo; 2006), [68] (cow; 2006),
[83] (review; 2006), [86] (Multiparous Awassi - Merino
cross ewe; 2006), [40] (Friesian and Ayrshire crossbred
cows by Sudanese indigenous breed of dairy cattle; 2007),
[41] (Iranian Holstein heifer; 2007), [110] (cow; 2007),

[24] (Simmental cow; 2008), [77] (Holstein cow; 2008),
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[78] (Holstein cow; 2008), [80] (New Zealand bred
Holstein - Friesian cows born in Mexico; 2008), [6] (Nili
- Ravi buffalo; 2009), [25] (Brown Swiss cow; 2009), [28]
(Guzera and Sindi cattle; 2009), [60] (Crosses of Holstein,
Brahman and Brown Swiss; 2009), [126] (Holstein cow;
2009), [5] (hen; theory; 2010), [29] (cow; 2010), [101]

(Holstein cow; 2010), [130] (review; 2010)

(8) Grafted polynominals (Fuller, 1969; unspecified)

Y=a+bt+ct’ +dr’ + fiy

where 1, has value t - 52 when t > 52 day and 0 otherwise,
and r, has value t - 85 when t > 85 days and 0 otherwise
(Lombaard, 2006, Steri, 2010).

[EXPLANATION]

This model is used in Gipson et al. (1989) for goats (Lombaard,
2006).

[APPLICATIONS]

[83] (review; 2006), [130] (review; 2010)

(9) McMillan et al. (1970a, b) model
¥ = M(1-exp(=&(t - 1,))) exp (- )

where

M : potential maximum daily egg production

& : rate of increase in egg laying

t, : initial day of egg laying

o : rate of decrease in egg laying

The above explanations are quoted from Anang et al. (2010).
[APPLICATIONS]

[5] (hen; theory; 2010)

(10) Quadratic model (Dave, 1971; Indian water buffalo)
Y=a+bt—ct’

[EXPLANATION]

Gaskins et al. (1980) presented this model as their original
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model; Verbyla et al. (1997) quoted Gaskins et al. (1980)
as the source of this model. Dag et al. (2005) and Cruz et
al. (2009) also presented this model as their original model.
[APPLICATIONS]

[50] (Angus - Hereford, Jersey -Angus, Simmental -
Angus; 1980), [10] (Dairy sheep; 1986), [124] (Holstein
cow; 1995), [27] (cow; 2000), [79] (Red deer hind Cervus
elaphus; 2000), [30] (Awassi ewe; 2005), [83] (review;
2006), [110] (cow; 2007), [24] (Simmental cow; 2008),

[28] (Guzera and Sindi cattle; 2009)

(11) Modification of Wood model (McNally, 1971; poultry)
1

Y =at’ exp(— ct+ dtzj

[APPLICATIONS]

[5](hen; theory; 2010)

(12) Scheaffer et al (1977) model

y = aexp (be)(1—exp(=ct))

[APPLICATIONS]
[98] (Jersey cow; 1998), [83] (review; 2006), [78] (Holstein

cow; 2008)

(13) Linear decline model (Cobby et al., 1978; Dairy cows)
Y = a—bt —aexp(-ct)

[APPLICATIONS]

[124] (Holstein cow; 1995), [138] (1997), [27] (cow; 2000),
[43] (Murciano - Granadina goat; 2002), [109] (Trish
dairy cow; 2005), [110] (cow; 2007), [78] (Holstein cow;

2008), [29] (cow; 2010)

(14) Simple linear regression model (Madalena et al.,

1979; Holstein - Friesian (HPB), HPB X Gir, Jersey)

Y=a-bt
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[EXPLANATION]
Cruz et al. (2009) presented this model as their original model.
[APPLICATIONS]
[28] (2009), [32] (Holstein - Friesian cow, Holstein -
Friesian cows X Gir cow; 1989), [124] (Holstein cow;
1995), [27] (cow; 2000), [109] (Irish dairy cow; 2005),

[110] (cow; 2007), [28] (Guzera and Sindi cattle; 2009)

(15) Straight lines of equal, but opposite slopes (Molina et
al., 1979; Holstein)
a+bt t<t,
a+b(2t,-1) t>1,
where,
t, : time when two straight lines intersect (where peak
yield is achieved)
[APPLICATIONS)]
[124] (Holstein cow; 1995), [27] (cow; 2000), [109] (Irish

dairy cow; 2005), [83] (review; 2006)

(16) Algebratic function model (Adam et al., 1980)

c(t-d)

1
Y=
0.01+at"™"

t : time (week)
[APPLICATIONS]

[5] (hen; theory; 2010)

(17) Reparameterized Wood’s model (Dhanoa, 1981;

Friesian cow)

Y =at"exp(~ct)

[APPLICATIONS]

[124] (Holstein cow; 1995), [43] (Murciano - Granadina
goat; 2002), [83] (review; 2006), [130] (review; 2010)

(18) Compartment model (McMillan, 1981)

Y = A(exp(-kyt)—exp(= k1))
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k, , k, : instantaneous rate of increase and decrease in egg
production

A : maximum potential of egg production

The above explanations are quoted from Anang et al. (2010).
[APPLICATIONS]

[5] (hen; theory; 2010)

(19) Post-peak of linear regression model (Gavora et al., 1982)
Y=m-—kt

t : time (28 day period)

m , k : instantaneous rate of increase and decrease in egg
production

The above explanation is quoted from Anang et al. (2010).
[APPLICATIONS]

[5] (hen; theory; 2010)

(20) Singh et al. (1982) models (Indian dairy buffalo)

(A) Linear cum log model

Y =a—bt+cn(t)

(B) Quadratic cum log model
Y =a+bt+ct’ +dIn(z)

[APPLICATIONS]

(A)B)

[124] (Holstein cow; 1995), [27] (cow; 2000), [83] (review;
2006), [110] (cow; 2007)

(A)

[109] (Irish dairy cow; 2005)

(21) Seasonally adjusted Wood’s model (Goodall, 1983;
British Fresian cows; Goodall, 1986b)

Y = at"exp (- ct +dD)

D =0 October to March

D =1 April to September (in the northern hemisphere)
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[APPLICATIONS]
[56] (British Feasian cow; 1986a), [81] (British Friesian
cow; 1992), [128] (Black and White cow; 2004), [83]

(review; 2006), [130] (review; 2010)
(22) Glasbey (1983) model
Y(t+1)=aY(e)+ (b—ba—ac)—ct(1-a)
[APPLICATIONS]
[78] (Holstein cow; 2008)
(23) Bianchini Sobrinho (1984) models
(A) Hyperbolic lineal
Y=a+bt+<

t
(B) Quadratic logarithmic
Y =a+bt+ct’ +dIn(r)

[EXPLANATION]

Model (B) is the same as that of Singh & Gopal (1982).
[APPLICATIONS]

[12] (Gyr dairy cow; 1986), [27] (cow; 2000), [110] (cow;

2007), [28] (Guzera and Sindi cattle; 2009)

(24) Adjustment of Wood’s model (Jenkins et al., 1984; dairy

cows)
Y= atexp(— ct)

[APPLICATIONS]
[27] (cow; 2000), [79] (Red deer hind Cervus elaphus;2000),

[83] (review; 2006), [78] (Holstein cow; 2008)

(25) Emmans et al. (1986) model

Y = atexpl-exp(G, —b1)]}- [exp(-cr)]

G, :

initial state parameter at t =0
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[APPLICATIONS]

[47] (Holstein - Friesian cow; 1999), [29] (cow; 2010)

(25 - 2) Dijkstra et al. (1997) model

Y =M, ~exp{7ﬂ al ;{e_xi(_ kt)]}

[EXPLANATION]

Friggens et al. (1999) state that the Dijkstra et al. (1997)

model is derived from Emmams et al. (1986).

(26) Modification of Wood model (Grossman et al., 1986)

Y =at’exp (~ct)(1+ d sin(x)+ f cos(x))

[APPLICATIONS]
[128] (Black and White cow; 2004), [77] (Holstein cow;

2008), [78] (Holstein cow; 2008)

(27) Hayashi et al. (1986) model

= fo -2 -2

[APPLICATIONS]

[8] (Egyptian buffalo cow; 2006)

(28) Polynomial model (Ali et al., 1987; cow)

Y=a+b6S, +cd +dO, + &0}

where
t 305
o =— _ O=In|— i ;
T 305 ( ; ] and 305 is the lactation length.
[EXPLANATION]

Adding the term g(In¢)’ to the Singh et al. (1982) model
results in this model.
[APPLICATIONS]
[70] (cow; 1997), [96] (Holstein - Friesian cow; 1999a),
[21] (Italian water buffalo; 2002), [37] (Holstein cow;
2003), [109] (Irish dairy cow; 2005), [83] (review; 2006),

[91] (Brazilian Holstein and their state affiliate; 2007),
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[24] (Simmental cow; 2008), [77] (Holstein cow; 2008),

[78] (Holstein cow; 2008), [130] (review; 2010)

(28-2) Quinn et al. (2005) model (Irish dairy cow)
Dropping the term in estimating the Ali et al. (1987)

model results in this model.

Y=a+bS, +cd +d0O, + &0}

(29) Exponential models (Wilmink, 1987; Dutch Friesian cow)

(A) Y =a+bexp(-kt)+ct

(B) Y =a+bexp(=kt)+ct+dt’

where,

k : parameter value, which is related to the time of the peak
of lactation and usually assumes a fixed value, derived from
preliminary analysis made on average production (Wilmink,
1987; Schaeffer et al., 2000; Koncagul et al., 2008).
[APPLICATIONS]

(A)B)

[70] (cow; 1997), [83] (review; 2006), [130] (review; 2010)
(A)

[96] (Holstein - Friesian cow; 1999a), [136] (cow; 2000),
[21] (Italian water buffalo; 2002), [72] (Holstein - Friesian
cow; 2005), [109] (Irish dairy cow; 2005), [91] (Brazilian
Holstein and their state affiliate; 2007), [24] (Simmental
cow; 2008), [77] (Holstein cow; 2008), [78] (Holstein cow;
2008), [29] (cow; 2010)

(unknown)

[37] (Holstein cow; 2003), [94] (South African Holstein
and jersey cow; 2003), [39] (cow; 2005), [84] (Italian

water buffaloes; 2006), [110] (cow; 2007)

(30) Bates et al. (1988) model

Y = (a +b)exp(~ ct)+ aexp(- dt)+ bexp(~dr)

[APPLICATIONS]

[98] (Jersey: cow; 1998)

(31) Logistic model (Cason et al., 1988)

1
Y= aexp(—bt)m

t : age of flock (week)

[APPLICATIONS]

[5] (hen; theory; 2010)

(32) Multiphasic logistic model (Grossman et al., 1988)
¥ =3 {ab,[1-tanh> (b, (- )]}
i1

where,
a, : half asymptotic total yield (kilograms) for phase i

b, : rate of yield relative to @, (per day) for phase i

¢, : time of peak yield (in days) for phase i
[APPLICATIONS]

[32] (Israeli Holstein cow; 1989), [52] (Dairy goat; 1989),
[140] (Holstein cow; 1992), [144] (White British dairy goat;
1993), [124] (Holstein cow; 1995), [133] (1999), [105] (Dairy
sheep; 2000), [136] (Dairy cow; 2000), [49] (Holstein -

Friesian cow; 2001), [83] (review; 2006), [130] (review; 2010)

(33) Papajcsik et al. (1988) models (Friesian cow)

at’
&) ¥= cosh(ct)
_a (1 - exp(— bt))
®) 1= cosh(ct)

aarctan(br)

@ r= cosh(ct)

(D) Y =aln(pt)exp(-ct)

aln(bt)

(B) ¥= cosh(ct)
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(F) Y = aarctan (bt )exp(-ct)

G) v= atexp(— bt)

[EXPLANATION]

Model (G) is the special case of the Wood (1967) model
and has already been presented by Jenkins et al. (1984).
[APPLICATIONS]

(A) - (F)

[124] (Holstein cow; 1995), [27] (cow; 2000), [83] (review;
2006)

(unknown)

[102] (Frisian cow; 1988), [110] (cow; 2007)

(34) Cappio - Borlino et al. (1989a) model
Y= W,.atbexp(— ct)

where,
W, : additional parameter for correcting the deviation of
the theoretical curve from real data

[APPLICATIONS]

[130] (review; 2010)

(35) Cubic model (Cappio - Borlino et al., 1989b; sheep)
Y=a+bt+c’+dr’

[EXPLANATION]

Dag et al. (2005), Cilek (2008), and Koncagul et al. (2008)
presented this model as their original model.
[APPLICATIONS]

[24] (Simmental cow; 2008), [130] (review; 2010)

(36) Gipson et al. (1989) model (goat)

Y= ab{l —tanh?[b(r - c)]}+ df{l —tanh?[ £ (¢ - g)]}

[APPLICATIONS]

[43] (Murciano - Granadina goat; 2002)
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(37) Morant et al. (1989) models (Friesian heifer)
A) Y= aexp{—bt +de%(—kt)}
(B) General exponential

Y =at’exp (~[c—dt]t)

@) v= aexp(fbtﬁLct2 + de%(—kt)j
(D) 4 - parameter morant

Y=aexp(—bt+cz‘2 +%)
(E) Y:aexp(—bt+ct2 +Lj
t+k

(F) Y= aexp(fbt’ﬁLct’2 +%)

h tr _ = t()
where 100
original article (Lombaard, 2006).

t, is fixed at 150 days in the case of the

(G) Y =aexp (— bt' [1 + rt']+ "+ %}

k > 0. See original paper for details.
Functional forms are based on literature that quoted and
converted original models.

[APPLICATIONS)]

D)

[61] (Friesian heifer; 1995)

()

[81] (British Friesian cow; 1992), [144] (White British
dairy goat; 1993), [136] (Dairy cow; 2000)

a) -G

[83] (review; 2006)

(unknown)

[98] (Jersey cow; 1998), [105] (Dairy sheep; 2000)

(38) Modification compartment model (Yang et al., 1989)

_ aexp(-bt)
1+ exp(fc(t fd))

t : time (week)
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[APPLICATIONS]

[5] (hen; theory; 2010)

(39) Weigel et al. (1992) models (Holstein cow)

(A) Diphasic model (1)

Y=d, [1 —tanh® (b] (t"— c]))]+ d, [1 —tanh? (b, (£ — cz))]

(B) Diphasic model (2)

Y =d [ 1-tanh® (b, (" = c,))]+ d, [1- tanh? (b, (- ,)) |+
o (1 —exp (— A (t - tm,/)))

d, : peak yield for phase i

b, : rate of yield relative to a, (per day) for phase i

¢, : time of peak yield (in days) for phase i

& : asymptotic increase in milk yield after bST treatment
takes full effect

A : rate parameter that determines the length of the lag period
k : rate parameter that determines the length of the lag period

k,; : time of the onset of the injections

(C) Monophasic model

Y=d [l—tanhz(b(fk_c))]

[EXPLANATION]

Model (C) is the same as the model of Grossman et al.
(1988) (Weigel et al.,1992).

[APPLICATIONS]

(A)

[124] (Holstein cow; 1995), [83] (review; 2006)

(40) Rook et al. (1993) models (cow)
They presented 12 models which include a set of six monotone
increasing functions and two monotone decreasing functions.

Monotone increasing functions

(TA) Mitscherlich function
1-aexp(-ht)

(IB) Michaelis - Menten function
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1
l+a(b+t)

(IC) Generalised saturation kinetic function

1

1+a(b+tc)

(ID) Logistic function

1
1+aexp(-bt)

(ID) Gompertz function

aexp([~Ina][1-exp(-57)])

(IF) Hyperbolic tangent

1+ tanh(a + bt)
2

Monotone decreasing functions

(DA) Exponential function
exp(— dt)

(DB) Inverse straight line

1
1+ct

[APPLICATIONS]

(all)

[83] (review; 2006)

(Mitscherlich X Exponential)

[133] (Holstein - Friesian cow; 1999)
(unknown)

[136] (cow; 2000), [29] (cow; 2010)

(41) 6 parameter Morant model (Williams, 1993; white

British dairy goats)
1—t t—1, ]
-b O ye O\ +d
100 100

3 7
t—1t, t—t,
F 2]+
f{loo} g{loo}

Y =aexp

where,



Yukichika KAWATA

t, : a constant (Williams fixed at the value of 150 days)
[APPLICATIONS]

[83] (review; 2006)

(42) Bi - exponential model (Cappio-Borlino et al., 1995;
Sardinian dairy ewe)

Y = atbexp(—d)

[APPLICATIONS]
[46] (Massese sheep; 1999), [43] (Murciano - Granadina

goat; 2002), [83] (review; 2006), [130] (review; 2010)

(43) Guo et al. (1995) model (cow)

(A) Mixed log model

Y=a+bt'"+clnt

c 1| lgt—1 :
B) Y=a+bt+—exp|——
t 2l o

2
©) Y=a+bz+csin[i]t2+iexp —l[lgt;l}
65 t 2l o

2
D) Y=a+bt+ctz+fexp(—l[lgt_]} J

2 o
(E) Y:a+bt+csin[§)t2+fsin[§]t3+ S exp(=0.0557)

(F) Y=a+bt+ct> +dt’ + fInt

where,

O : a constant

[APPLICATIONS]

(A)

[96] (Holstein - Friesian cow; 1999a), [21] (Italian water
buffalo; 2002), [109] (Irish dairy cow; 2005), [83] (review;

2006), [24] (Simmental cow; 2008), [77] (Holstein cow;
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2008)

(A) - (F)
[70] (cow; 1997)

(44) Gloor (1997) model

Y=LL (1 —exp (— ath)) exp (ct")

LL : asymptote
L : time (week)
[APPLICATIONS]

[5] (hen; 2010)
(45) Guo et al. (1997) model (cow)
(1) Y:a+b\ﬁ+clnt+dsin(})t2, £=65

@) Y:a+b\/;+clnt+dsin(}Jt, =170

(3) Y=a+bt+ct®+dt*+ft

(4) Y=a+bJt+ct+dt’+ fi'®

(5) Y:a+b\/;+clnt+dsin[}]wrgsin(}jtz, £=100

(6) Y =a+blnt+ctanh(lgs)s +d sin (;J >+ gsin [;] £,

/=80

(46) Alenda (1998) model
Y =P +a{M305-P305}+b{Y, P}

P

.+ milk yield estimated by the fitted lactation curve on

day t, in the group of contemporaries (lactation number-
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year of calving- calving season) to which the cow belongs

a : a parameter to be estimated using the method of least
squares

b : a parameter to be estimated using the method of least
squares

M305 : average milk yield at 305 days in the group of
contemporary cows

P305 : average milk yield at 305 days, estimated from the
fit of the lactation curve for the group of contemporaries
to which the cow belongs

Y. : milk yield in the last known test (four milk yield tests)

uce

P : milk yield on the same day of the test (in the fourth

uce

record), estimated with the fitted lactation curve using the
Wood model

The above explanations are quoted from Palacios-Espinosa
et al. (2010).

[APPLICATIONS]

[101] (Holstein cow; 2010)

(47) Grossman et al. (1999) models (Holstein cow Muranda
Oscar Lucinda-ET(VG-86), purebred Dutch Friesian cow)

(1) Lactation persistency model

exp| — |+exp| —+
i I
Y=Y,,+b](t—t])—r1blln—

1+exp{t‘]
n
exp| — |+exp| ——
" r

ryby In

‘ [z] +P]

1+exp
r

(2) Reduced lactation persistency model

+

y Yo Yo [exp@rexp(r)]
Lt 1+exp(t,)
exp(t)+exp(z,+ P)
b, In| ————F————
’ 1+exp (Z]+ P)

Y, : level of constant yield during the lactation peak phase

b, , b, : slope of the straight lines
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{, : time at transition

r,, r, : measure of the duration of transition

1
P : persistency of the days where peak lactation is
maintained

[APPLICATIONS)]

[136] (cow; 2000), [83] (review; 2006), [130] (review;

2010)

(48) Pollott (1999) models

(A) Additive

y = MS,,. _ MSL,,,
{1 + = Zo}exp(— GRt) {1 - %} exp(— DRt)
(B) Multiplicative
MS 1

max

X
— ZO} exp(- GRt) [1 - %} exp(— DRt)

MS, MSL: milk secretion potential and loss of potential
NO, NOD: proportions of MS and MSL achieved at
parturition

GR, DR: growth and death rate parameters of the two
logistic curves

The above explanations are quoted from Pollott and
Gootwine (2000), p. 199.

[APPLICATIONS)]

[105](Dairy sheep; 2000)

(49) Pollott (2000) model

1 _ 1 )
1+{%}:xp(— ct) 1+[] ;d}exp(— gt)
(1-exp(- 1))

[APPLICATIONS]

Y=a-

[29] (cow; 2010)
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(50) Cobuci et al. (2000) model (cow)

Y =a—bt+In(r)

(51) Pedraza et al. (2002) model (Holstein - Friesian cow)
Y (6, RC)= at"exp(— ct + dRC + fRC*?)

Where

RC : somatic cell range

(52) Modification of Wilmink’s exponential model

(Jacobsen et al., 2002)

Y=a+bﬁ$+cwp@dﬂ

[APPLICATIONS]

[91] (Brazilian Holstein and their state affiliate; 2007)

(53) Grossman et al. (2003) model (cow)

Y= a Dp,a

= - -

1+exp —DIM +¢ 1+0.5exp, —DIM +cppp.
bl bZ
pia _ Pia
2
1+exp —DIM +¢; 1+0.5exp, —DIM + s
b, b,

where,

a : upper level for the increasing first phase

P, , P, , P, : proportions of a for the decreasing second,
third, and fourth phases

b s: proportional to duration of each phase

C s: time of maximum increase or decrease

3.2. Recent Development
(1) Test day models

In most of the classic models above, milk yield is a
function of time. However, milk yield is also affected by
genetic and environmental effects. If these effects change
during the lactation period, the accuracy of the lactation

curve could be improved by including these effects in the
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lactation model. Such a model is referred to as a test-
day model. Moreover, by artificially manipulating these
genetic and environmental effects, it might be possible
to control milk yield at peak and retain persistency of
lactation after peak. There is increasing interest in such
management of lactation.

There are various formulations in a lactation model.
A typical one might include the following terms.
Y=g FE+ 8 ,REE+ 3 ,REG+ 8 ,DIM
Y : test day milk yield
FE : fixed effects
REE : random animal additive genetic effects
REG : random permanent environmental effects during
lactation
DIM : fixed effect of days in milk

The test-day model includes a multiple-trait model
with reduced rank, repeatability model, random regression
model, covariance function model, and others (DeGroot et
al. 2007). Bilal et al. (2009) provide a thorough review
of test-day models, with a focus on genetic effects. Other
relevant studies include Ptak et al. (1993), Olori et al.
(1999b), Van Bebber et al. (1999), Liu et al. (2000),
Garcia et al. (2001), Kim (2002), Melo et al. (2007), Faro

et al. (2008), Bilal et al. (2009), and Bilal et al. (2008).

(2) Legendre orthogonal polynomials, Spline function

Early lactation models such as Wood (1967),
Emmans et al. (1986), Wilmink (1987), and Grossman et
al. (1988) can be biologically interpreted, which is one of
the advantages of these models. Recently, however, models
with better fits have been used more often. In particular,
Legendre orthogonal polynomials are used along with
classic models and test-day models, and Spline function
has been used more often as well. Legendre orthogonal
polynomials are used, for example, in Druet et al. (2003),

Ptak et al. (2004), Schaeffer et al. (2006), Melo et al.

(2007), Salawu et al. (2007), and Abdullahpour et al.
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(2010). Spline function is used, for example, in Verbyla
et al. (1999), Druet et al. (2003), White et al. (unknown),

and White et al. (1999).

4. Brief discussions

In more than 50 of the papers on lactation curves
reviewed in this paper, 90 lactation curves are presented.
Because so many lactation curves have been proposed,
the original article to propose a particular model is not
cited, and later authors who may not be aware of the
original article propose the same model as original. The
most frequently used model is Wood’s (1967) model,
which has been quoted in 75 papers. In generally, the
earlier the year of the model presented in the paper, the
higher its frequency of quotation. Wood’s (1967) model
was followed by other models from Brody et al. (1923),
Sikka (1950), Nelder (1966), Dave (1971), Cobby et al.
(1978), Ali et al. (1987), Wilmink (1987), and Grossman
et al. (1988); these models were quoted 9, 8, 17, 11, 9, 12,
18, and 11 times, respectively. There might be additional
reasons why Wood’s (1967) model is used more frequently
than other alternative models: in addition to the fact
that Wood’s (1967) model is one of the earlier models,
it has a simple structure, is a high-performance model,
and can be biologically interpreted. Besides, many of the
papers published later quoted Wood’s (1967) model and
compared it to the newly presented models.

In this paper, lactation models are classified into
the classic models and others such as test-day models.
The former is the function of time during lactation, and
those which have been proposed recently sometimes have
substantially complicated structures. Generally speaking,
if performance is almost the same, simpler models should
be better, but such simple classic models are now rare.
Some that have been classified as classic models in this

paper include terms other than time, and such models
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could be variants of test-day models. On the other hand,

test-day models have various formulations, and for
classification, further review will be required. There seems
to be a great deal of room for improvement in the case of

test-day models.
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The 2010 Academic Year
Index of Master’s Theses for
the Graduate School of Obihiro
University of Agriculture and

Veterinary Medicine

Master’s Course of Animal Production

and Agricultural Economics

1. Research and development of computer controlled feeder
to increase locomotive activity on horses and control
of feeding behavior pattern

(Taro KONISHI, Animal Husbandry and Sustainable

Economic Systems)

2. The effects of touch training at early stage in foals
Hokkaido on later easiness of handling
(Hiromi NISHIMURA, Animal Husbandry and

Sustainable Economic Systems)

3. Relationship between Retention Aspects of the Digestive
Tract and Intake or Digestibility by Ostriches Fed
Grass Forage

(Ryouhei TAKAHASHI, Animal Metabolism and

Physiology)

Master’s Course of Agro-Environmental Science

1. Evaluation of infectivity and pathogenicity of anamorphic
entomopathogenic fungi isolated from wild mosquitoes in
Japan and Burkina-faso against adult female Anopheles
stephensi

(Mitsugu ISHIYAMA, Crop Science)

2. Analysis of light response in a new potato line with

lower tuber greening and glycoalkaloid
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(Hideki OZAKI, Crop Science)

. Fine mapping and functional analysis of reduced culm

number genes in rice

(Eriko TATEBE, Crop Science)

. Detection of grain dormancy QTL in white-grained

wheat and marker-assisted selection of high dormancy
lines

(Masayuki FUJII, Crop Science)

. Plant species diversity in Man-made forest “Obihiro

no Mori” and its interaction with local dwellers

(Naomi MIYAZAKI, Grassland Science)

. Factors influencing to behaviours in captive giraffes

Giraffa camelopardalis reticulata, special emphasis
on the effects of zoo visitors
(Chigusa TANAKA, Preservation and Management

of Ecosystems)

. Hay piles and it’s selection of Ochotona hyperborea

yesoensis at the low-altitude area of the southernmost
part of the Hidaka Mountains
(Asumi IEIRI, Preservation and Management of

Ecosystems)

. Consumption of Yezo spruce cones by Eurasian red

squirrels in natural forest of Hokkaido,Japan
(Isao IZUMI, Preservation and Management of

Ecosystems)

. Mechanism of expression of effects applied with compost

(Takeshi OKAMOTO, Preservation and Management

of Ecosystems)

10. Characteristics of day-roosts used by tube-nosed bat
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11.

12.

13.

14.

15.

16.

17.

Murina hilgendorfi in Tokachi Plain, Hokkaido
(Kanae ONO, Preservation and Management of

Ecosystems)

Study on molecular genetics of Finlayson’s squirrel
(Callosciurus finlaysonii) introduced into Japan
(Takuya KURAMOTO, Preservation and Management

of Ecosystems)

Associative learning of odour with blood-meal by
Aedes aegypti (L.)
(Hiroki KUROSAKA, Preservation and Management

of Ecosystems)

Analysis of factors affecting road-kills of the T'sushima
leopard cat Prionailurus bangalensis euptiburus : a multiscale
approach

(Yuka KONDO, Preservation and Management of

Ecosystems)

A basic study about morphology and function of salivary
glands in a dung beetle and vespids
(Yoshiki SATO, Preservation and Management of

Ecosystems)

Influence of habitat transformation to region flora in
agricultural landscape
(Masaki SHIOZAKI, Preservation and Management

of Ecosystems)

Eceomycorrhizal fungi of Pinus thunbergii dispersed
by deer and mouse in the Erimo coastal sand dune,
Hokkaido,Japan

(Mayu SHIMAMOTO, Preservation and Management

of Ecosystems)

Studies on biologically active compounds from hornet
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18.

19.

20.

21.

in Tokachi
(Kohei NODA, Preservation and Management of

Ecosystems)

Effects of activity of coprophagous insects on greenhouse
gas emission, quantities of nitrogen and carbon, and
energy in cow dung pats

(Yukari MOKI, Preservation and Management of

Ecosystems)

The influence of the property of dung ball which dung
beetle form and they give to the growth of the plant
(Maiko MUSHIKA, Preservation and Management

of Ecosystems)

Load distribution on planting unit of no-till narrow
raw planter
(HU NAN, Engineering in Agricultural and Biological

Systems)

Studies on farm work system of large-scale boom
sprayers in Tokachi
(SAI Kounann, Engineering in Agricultural and

Biological Systems)

Master’'s Course of Bioresource Science

. Food functionality of Yam (Dioscorea opposita thumb) :

Effect of Yam tuber storage protein on colonic aberrant
crypt foci formation

(Katsuhito ARAI, Applied Life Science)

. Marked improvement of lipid metabolism and liver

function in rats and mice and humans by dietary
supplementation with betaine

(Sakura KAWAKAMI, Applied Life Science)
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11.

. Comparisons of O-acylation and Friedel-Crafts acylation

of phenols and acyl chlorides and Fries rearrangement
of phenyl esters in trifluoromethanesulfonic acid

(Sho OHMORI, Applied Molecular Biology)

. Chemo-enzymatic synthesis of sucrose derivatives for

gustatory receptors analysis

(Yuka TSUNEKAWA, Applied Molecular Biology)

. Studies on discrimination and practical properties of

the yeast strains isolated from natural habitat

(Dai MIKUMO, Applied Molecular Biology)

. Novel derivatizations of aromatic amino acids by

Friedel-Crafts reaction with triflic acid

(Yasuyuki MUTO, Applied Molecular Biology)

. Elucidation of infection mechanism of rice endophyte

and effect of high catalase production

(Atsushi TODA, Applied Molecular Biology)

. Study about Characteristics and Ageing of Heavy Horse

Meat

(Junichi ITO, Food Science and Technology)

. Characterization of oligosaccharide-producing by

Bifidobacteria and their metabolism

(Aya NITAKI, Food Science and Technology)

. A study about biogenic amine production by the dairy

products-related microbe

(Kaori FUJITA, Food Science and Technology)

Influence of calcium treatment on internal bruise of
potato

(ERIHEMU, Food Science and Technology)
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Master’s Course of Animal and Food Hygiene

. Molecular detection of bovine haemoprotozoa in the

State of Bahia, Brazil
(ALAN Caine Costa de Macedo, Animal Medical

Science)

. Phenotypic analysis of disruption of the mitochondrial

peroxidase gene, 1px-2, in Plasmodium berghei
-phenotypes in the mosquito stage-

(Miho USUI, Animal Medical Science)

. The effect of interleukin(IL)-8 on steroid production

by bovine ovarian granulosa cells

(Ayami KAJI, Animal Medical Science)

. Relationships between steroid hormone production

and clock genes in bovine theca cells during luyeinization

(Ran TAKASUGI, Animal Medical Science)

. Effects of sire on marbling and fatty acid composition

of Japanese Black steers in progeny testing

(Takahiro NAKADAI, Animal Medical Science)

. Identification of AMAI1 interacting molecule in host

cell invasion by Toxoplasma gondii

(Kaori HAGA, Animal Medical Science)

. The effect of endotixin on steroid production in bovine

granulosa cells during follicle growth

(Kazuki MIYAUCHI, Animal Medical Science)

. Inactivation effects of propolis and some natural

plant extracts on H5 subtype avian influenza virus

(NGUYEN Hoang Tung, Food Hygiene)

. Identification of peptides in milk and milk products
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(GANZORIG Khuukhenbaatar, Food Hygiene)

10. Consumer Preferences for Food Additive-Free Labels

11.

12.

13.

14.

15.

16.

in Wine Market

(Hirotsugu SAWANO, Food Hygiene)

Determination of Each Oligosaccharide Concentration
in the Broth of Bifidobacterium strains Cultured
with Human Milk Oligosaccharides as Sole Carbon
Sources

(Emi HATAKEYAMA, Food Hygiene)

Sequence analysis of Salmonella enterotoxin (stn)
gene reveals sfn is highly conserved throughout
various Salmonella serotypes, but serover Enteritidis
and Agona have an in-frame termination codon in
its genes

(Atsushi MORI, Food Hygiene)

The development of GAP in Hokkaido A study based
on the viewpoint of food system

(Wang Xu dong, Food Hygiene)

Identification and characterization of exopolysaccharide
biosynthesis gene cluster in Lactobacillus fermentum
TDS030603

(CHAINA SALAS, Amelia ,Food Hygiene)

Willingness to pay for HACCP certificated pork in
China an application of comparison between contingent
valuation and conjoint analysis

(Haifeng Zhang, Food Hygiene)

Saccharification and butanol fermentation of ammonia
treated agricultural cellulose biomass using Clostridium

(Shiho KANEKO, Environmental Hygiene)



17. @R AKFEMDB N — A v A B AR RIE TR 17. Effect of Hydrogen Peroxide Addition on Ruminal
(A B, BRIEMEAES) Fermentations

(Tetsuro MATSUMOTO, Environmental Hygiene)
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