RS 2hE

IS5UT—La VR

RS VNE

R HTET 2 iE)

w e N5R1k

TS

=E - REEEX

XBRETHES

2022 £ 1

MRILITE
Bl R 17 AR

hoHUET

0A

- PN
(JICA)

HA=H

I LR E

o

Pt

JR

22-004




<&

WEEDFAICODVTODEE - REFIE>

ABEEOAHRE. JICANZEREICERERIEL. EEBRTAF LIZERICE DL
LDOTHY. TOROHEFBOEL., EEREFICL>TERBREEONBHIEDL S5
ELEBYET, =, BELLER - aA L FMIZELEOHWICLZLDNEEN.
—MREER - BRNCDOEBY THEIZLEZRIATHEDTIEHY FHA, KRESE
FELTRBEINIBERICEODVTRISHIDITEZINDBEICIE. BT CBEDER
TITo2TLIEELY,

- FIRESNABEEZFAL-C LA ELHEFICAL., JICA RUZREEREE, LA

HEEVRAVDNRET,

<Notes and Disclaimers>
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&°
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1.0 3.0

Caffeine

n=70
r=0.96
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Slope=1.30

@O

09
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n=100
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Slope=0.72
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6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
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Prdict Vale (%)

Prdict Vale (%)
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r=0.93
SEP=0.23
Slope=1.08 &
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Polyphenol
n=70
r=0.95 &
SEP=0.84
Slope=1.06 [¢]
e 3
[}
10.0 20.0 30.0
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10.0
Moisture
9.0
n=82
3 r=0.97
< 80 sep-0.26
<>u 70 Slope=0.84
.-§ (@)
E 6.0 0@5@
5.0
4.0
4.0 6.0 8.0
Standard Value (%)
30.0
Fiber
250 n=74
? r=0.81
< 200 sep=2.20, ® g
= Slope=0.97 o
S 150 Slope ooo“é?o
S
T 10.0
o
5.0
0.0
0.0 10.0 20.0

Standard Value (%)

FHNO Ky (T ofbs5Hr
fii : Standard Value X O3 #7 &+ E -
Predict Value) DEEFE D DHE A FE
DB (FREMR) O & & [F CIREE (R
=1) DOHEHI X 2 0l &b
IHTEDOEEMERHDH Z A EW L,
RAEAS LW AT 0 AU & EER 54T
FHOREEE DR SN EFES LR EE &
W25,

10.0

30.0

6.0
5.5
5.0
4.5
4.0
35
3.0
2.5
2.0

Prdict Vale (%)

35.0

30.0

25.0

Prdict Vale (%)

20.0

15.0

Total Nitrogen

n=70

r=0.95 &
SEP=0.20 SqP
Slope=1.04 o
»

@]
a

w

(®)

2.0 4.0
Standard Value (%)

Polyphenol

n=82
r=0.93
SEP=1.63
Slope=0.71
(o]

@%%% ©

8:90

15.0 25.0
Standard Value (%)

23-7 AHBIRE DN LR

Guidelines for Interpretation of r

Value of r

r

Interpretation

Upto 0.5
+0.51-0.70
+0.71-0.80
+0.81-0.90
+0.06-0.98
1099+

Upto0.25
0.26-0.49
0.50-0.64*
0.66-0.81
0.83-0.90
0.92-0.96
0.98+

Not usable in near-infrared reflectance
calibration

Poaor correlation: reasons should be
rescarched

OK for rough sereening: more than 50% of
variance in y accounted for by x

OK for screening and some other
“approximate” calibrations

Usable with caution for most applications,
incleding research

Usable in most applications, including
quality assurance

Usable in any application

* Due lo rounding off, there are no values of 0.65, 0.82, ¢tc. in this Lable.

Hi#t : Near-Infrared Technology in the Agricultural
and Food Industries, 2" Edition
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TEEN-7:  1-6DBEERERZ b LT, KIRMIZEET, ALER & W 21TV, B & L OIS
BV %S, O OBELEIT S,
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Comp. SEP Slope R
Moisture 0.62 1.03 0.96 ©
Nitrogen 0.23 1.08 0.93 ©
Fiber 0.85 0.72 0.85 O
Caffeine 0.30 1.30 0.96 ©
Polyphenol 0.84 1.06 0.95 ©
[ (Rof) ]
Comp. SEP Slope R
Moisture 0.26 0.84 0.97 ©
Nitrogen 0.20 1.04 0.95 ©
Fiber 2.20 0.97 0.81 O
Polyphenol 1.63 0.71 0.93 ©
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Verification Survey with the Private Sector for Disseminating Japanese technologies for Strengthening
Competitiveness of Tea Industry through Utilization of Tea Ingredients Analyzer in Sri Lanka
Kawasaki Kiko Co., Ltd., Shizuoka, Japan

Concerned Development Issues Proposed Impact on the Concerned
in Sri Lanka Products/Technologies Development Issues in Sri Lanka

Tea is one of the principal export goods in Sri
Lanka which contributes 15% of total export value
and 94% of its production is exported; however,
maintaining the potential of value addition, for
example, to improve the international
competitiveness is a concerned issue.

» Activities for quality control, development
of new product, for example, based on
ingredients analysis will be implemented,

» Tea analysis which is conducted by Sri
Lanka Tea Board will be more efficient and
the its system will be enforced, and

» Quantitative quality assessment on tea leaf

: transaction at tea factories will be carried

Implemented Activities - out which can result in fair transaction and

in the Survey \_ tea leaf quality development. )

[PURPOSE]
Project aims to verify the effectiveness of rapid
method to analyze tea samples for its
international quality standard by adopting
existing Japanese technology which utilize near-
infrared method and introduce the technique to
Sri Lankan tea industry in the aim of quality
upgrade of Ceylon tea.

Outputs and Outcomes
of the Survey

» Contribution to the tea industry in Shizuoka
Prefecture through the collaborative
verification procedure.

» Contribution to sales performance of the
Tea Ingredients Analyzer

Output 1: ; » Contribution to sales performance of the
The adaption of the Ingredients Analyzer that LG LR L other Kawasaki Kiko’s products such as
utilizes near-infrared method to Sri Lankan Black tea manufacturing machines. )
Tea ingredients analysis is verified.

Output 2:
The effectiveness of Ingredients Analyzer that
utilized near-infrared method in the value-chain
of Sri Lankan tea industry and for the quality
assessment conducted by SLTB is verified.
Output 3:
Plans for realizing the dissemination of the Black
Tea Ingredients Analyzer are proposed

\(compiled). j
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1. BACKGROUND

Tea is one of the major exports of Sri Lanka, bringing in a substantial amount of foreign earnings to the
country. The Sri Lanka Tea Board maintains the image of Ceylon tea and strives to improve the potential
for adding value in order to boost the competitiveness of Sri Lankan tea and better sustain the tea
industry. With consumer quality concerns and the legal import quality requirements of import countries,
all the tea exported from the country has to be certified the quality by testing according to the
international standards. Such testing is a time-consuming exercise which results in export delays.
Exporters are under tremendous pressure to make deadlines for their exports as they will lose customers
due to not meeting the customer target timelines. Thus, rapid methods in testing quality parameters to
ensure the quality of tea have become an essential need for the industry. As a solution, it is possible that
analyzers developed using existing Japanese technology for quality assurance in Japanese green tea can
be adopted for rapidly assuring the quality of Ceylon tea prior to export. Moreover, the results of these

quality investigations will lead our research and development for further quality improvements.

The current national policy aims to increase the export value of tea to US$5 billion by 2020 and increase
the ratio of value-added tea to 75% of Sri Lanka’s tea exports by 2020. Under the program to improve
the quality as well as international competitiveness of Sri Lankan tea, the export value of tea has

recorded some increase, if not sufficient, but the ratio of value-added tea is still low at 39% (2013).

Sri Lanka has adopted the development goal of “making Sri Lankan tea a major established player in
the international beverage market through the strengthening of small tea farms to ensure the sustainable
development of the tea industry”. One of the concrete measures designed to achieve this goal is technical
guidance as well as subsidies for small farmers, who account for some 70% of domestic tea production,
by the Sri Lanka Tea Board under the jurisdiction of the Ministry of Plantation Industries. However,
many small farmers do not currently possess sufficient skills and knowledge concerning the cultivation
and harvesting of tea, making it urgently necessary to improve the quality of tea leaves shipped by these

farmers.

2. OUTLINE OF THE PILOT SURVEY FOR DISSEMINATING SME’S TECHNOLOGIES
(1) Purpose

The Verification Survey with The Private Sector for Disseminating Japanese Technologies for
Strengthening Competitiveness of Tea Industry Through Utilization of Tea Ingredients Analyzer
in Sri Lanka (hereinafter referred to as the “Survey”) aims to verify the effectiveness of a method
to rapidly analyze tea samples against the international quality standard by adopting existing
Japanese technology utilizing the near-infrared spectroscopy and introduce the technique to the Sri

Lankan tea industry with a view to upgrading the quality of Ceylon tea.



(2) Activities

: Adaption of the near-infrared ingredients analyzer (hereafter referred to as the

1-1:

1-3:

1-4:

1-5:

1-6:

“Analyzer”) to analysis of Sri Lankan black tea ingredients is demonstrated.

Discuss and examine the details (elevation, production area, grade, season, etc.) of black
tea sample collection which will be needed for the adaption of the Analyzer to local

conditions.

Collect and analyze the black tea samples based on the contents discussed in Activity 1-1.
Design and manufacture the Analyzer based on the results of Activity 1-2.

Transport, install and conduct a trial running of two Analyzers manufactured in Activity 1-3.

Compile an operating manual for the Analyzer and teach usage of the Analyzer to the C/Ps

through on-the-job training

Analyze the black tea samples with the Analyzer; collate the ingredient proportions with
the results of conventional chemical analysis conducted in Sri Lanka and then revise and

adjust the calibration curve.

Based on the results of Activity 1-6, discuss with TRI and SLTB, get an assessment of the
precision of calibration curve formulation for each ingredient, and verify the accuracy of

the Analyzer with a view to recommending it for industry use.

: The effectiveness of the Analyzer in the Sri Lankan tea industry value-chain and for

2-1:

2-2:

2-4:

the quality assessment conducted by SLTB is verified.

Install the Analyzers that were verified in Output 1 and two more Analyzers in TRI and
SLTB.

Select installation sites in the value-chain to verify the effectiveness of the Analyzer.

Install the Analyzers in the sites that were selected in Activity 2-2; analyze tea samples
according to each objective, a) for value addition (crude tea), b) for quality assessment (raw
leaf), and ¢) for compliance with ISO standards (crude tea); assess the effectiveness of the

Analyzer, and receive evaluations from the installing sites.

Based on the results of Activity 2-3, assess the effectiveness of the Analyzer.

: Plans for realizing the dissemination of the Analyzer in the Sri Lankan tea industry are

3-1:

proposed (compiled).

Propose detailed plans so that TRI and SLTB can recommend tea ingredients analysis

utilizing the Analyzer in the Sri Lankan tea industry.



3-2: Invite C/Ps to Japan to allow the proposing company to introduce the efforts of the Japanese

green tea industry and thereby emphasize the importance of ingredients analysis.

3-3: Hold an awareness promotion seminar and workshop for exporters, brokers, tea producers

and tea factory owners etc. that are expected to be the users of the Analyzer.

3-4: Propose dissemination plans such as quality indications on packages and differentiation

based on characteristic ingredients in each region, etc.

3-5: Compile a plan for business deployment by the proposing company following the Survey

(3) Information of Product/ Technology to be Provided

Outline of the Proposed Product

The proposed product is the Analyzer that can simultaneously and quickly analyze multiple
ingredients of tea using the near-infrared spectroscopy without requiring any specialist knowledge.
It measures ingredients by irradiating samples with light on wavelengths in the near-infrared region
and estimating the types and amounts of materials present based on the types and quantities of
absorbed specific wavelengths, and indicates the measurement results analyzed by a micro-

computer.

It is small with dimensions of 400 mm in width, 354 mm in height and 362 mm in depth and is
relatively light at 14.6 kg for easy transportation. It can be powered by domestic power supply
(AC110-220V (50/60 Hz)) and has a built-in language selection function (Japanese or English). It
is currently assumed that the analyzer will be provided with three different types of measuring
software to cater for different users or purposes of use (target ingredients for measurement) of the

Sri Lankan tea industry as shown below.



Name Near infrared tea ingredients analyzer
Specifications | The Kawasaki Kiko tea ingredients analyzer (illustrated below) has dimensions of W400mm
x H354mm x D362mm and weighs 14.6kg, making it small and light enough to be carried
around. It can be powered using a household power source (AC110-220V (50/60Hz)) and is
equipped with a Japanese-English switching feature.
It is envisaged that the black tea ingredients analyzer will be used with the following three
types of measurement software (to be demonstrated in the Survey) corresponding to the
users/objective (measured ingredients) in the Sri Lankan tea industry.
Type by objective Measured ingredients (proposed)
® Value adding (crude tea) Caffeine, Polyphenol, Total nitrogen
@ Quality assessment (raw leaves) Fiber, Total nitrogen, Polyphenol
® IS0 standards inspection (crude tea) | Water content, Polyphenol, Fiber, Total nitrogen
Eidaps it
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Figure: Near Infrared Tea Ingredients Analyzer and Measurement Results Paper
Features Kawasaki Kiko’s greatest know-how and technology reside in its ability to analyze tea

ingredients using the near infrared spectroscopy. This technology makes it possible to rapidly
conduct simple but accurate ingredients analysis. As a result, whereas conventionally it was
only possible to conduct analysis in research facilities or laboratories, it is now possible to
analyze tea in tea trading settings and other locations. Utilization of tea ingredients analysis
(on the ground) is the most important know-how. In Japan’s green tea industry, by
disseminating this analysis technique throughout the value chain, it has become possible to
brand products according to the functionality of ingredients and thereby bring transparency
into transactions.

The measurement of ingredients based on the near infrared spectroscopy entails irradiating
light in the near infrared wavelength region onto a sample, estimating the contents of
ingredients according to the types and quantities of absorbed specific wavelengths, and
displaying measurement results analyzed by computer. As a precondition for the
measurement, a certain number of samples are measured in advance; the data obtained by
chemical analysis is compared with the data obtained by the near infrared spectroscopy, and
a calibration curve (figure on the right) showing

the relationship as a principle is created. The - “.:,‘
technology and know-how entailed in creating the . LT
calibration curve have been made possible by ¥

many years of experience in the tea industry; for
example, understanding of tea characteristics and
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crude tea quality assessment ability cultivated - :3- S aoamn weeoss
through operating tea plantation management . L,
equipment and tea manufacturing machines, the .

ability to understand the correlation between tea 26 - 15 55 &5

ingredient values and assessment values and so on.

T

* Speed:
As was described above, tea ingredients analysis based on the near infrared spectroscopy
entails first creating an accurate calibration curve and then comparing measured samples
against the calibration curve. Therefore, since there is no need to newly conduct time-
consuming chemical analysis, measurements can be made in short time (approximately 1

minute). In addition, it is possible to simultaneously measure the main ingredients (9

ingredients in the case of green tea).

+ Convenience:
No particular knowledge or technology is required to conduct analysis: anybody can easily
conduct measurement by crushing tea leaves in a grinder and setting a sample in the
Analyzer. The measurement results are compiled into a table as shown in above Figure and
can be confirmed at a glance.




Characteristics and Relative Advantages of the Proposed Product

Relative advantage pertaining to the analysis of tea ingredients using the near-infrared

spectroscopy.

Even though there have been some attempts by other manufacturers to develop a prototype
and market it for trial, Kawasaki Kiko is the only manufacturer in the world to market the
Analyzer as a finished product capable of measuring catechin and other polyphenols. As such,
there are no similar products marketed by competitors. Because of the unique know-how and
technologies involved, there is little chance of an imitation product being marketed with
similar accuracy. As imitation products with inferior accuracy cannot meet the actual market

needs, we believe that such imitation products cannot become competitors for our product.

Relative advantage pertaining to tea ingredients analysis

Apart from the near infra-red spectroscopy, tea ingredients can be analyzed by high-
performance liquid chromatography (HPLC) and the Folin-Ciocalteu method (a chemical
analysis method). Although these two methods offer very high accuracy, their characteristics
considerably differ from the near-infrared spectroscopy in terms of the measuring time,

operability, equipment cost and running cost.

Sales Performance

Kawasaki Kiko has sold some 300 the Analyzers for green tea (total value of some 2 billion yen)
over a period of 20 years to such public bodies as the National Agriculture and Food Research
Organization (NARO) and various prefectural tea research institutes as well as agricultural
cooperatives (JA) and Mitsui Norin, Itoen and other tea drink manufacturers in Japan. Kawasaki
Kiko enjoys a 100% domestic market share for green tea ingredients analyzers and its products are

the de facto standard equipment for Japan’s green tea industry.

Abroad, the company has started in 2016 to market the Analyzer for kiln-dried (roasted) Chinese
green tea, which is the mainstay in China, based on the outcomes of joint research with Zhejiang
University in China. While some Chinese local companies have already introduced the Analyzer,
an active marketing drive using local staff is currently in progress. Overseas marketing efforts are
not confined to China but also target those companies which manufacture and market green tea or

are planning to do so in other countries.



(4) Counterpart Organizations
® Sri Lanka Tea Board (SLTB)

Contents of activities:

As the agency that supervises the Sri Lankan tea industry, the Sri Lanka Tea Board oversees
all activities in the industry. Its activities include control of black tea quality via research and
survey work; introduction and promotion of machines and equipment necessary for
development of the industry; provision of economic and technical assistance to parties
engaged in the production and processing of black tea; and the implementation and regulation

of black tea auctions.

Outline of organization:

Since the SLTB has overall control over the tea industry, it fills a wide variety of roles. The

following paragraphs describe the two departments that are involved with the Survey.

Tea Supervision Department:

It conducts work concerned with the production, processing, quality improvement, etc. of
black tea through black tea inspectors assigned to seven regional offices throughout the
country. Since 2013, it has implemented the “B Leaf 60 Program” aimed at encouraging
factories to implement tea leaf quality inspections, and it implements initiatives for improving

the awareness, knowledge and cultivation technology of tea leaf producers.

Analysis Services Department:

This department specializes in implementing ingredients analysis and quality inspection of
the black tea that is marketed in Sri Lanka. It implements preliminary inspections of all lots
presented at the weekly black tea auction in Colombo, pre-export inspections of black tea,
inspections of residual agricultural chemicals, microorganisms, heavy metals, etc. in black tea
and so on. Concerning the tea auction preliminary inspections and pre-export inspections, first
the sensory inspection unit of the Analysis Services Department conducts sensory inspection
and any samples that are found to contain problems are sent to other units for further

investigation.

@ Tea Research Institute of Sri Lanka (TRI)

Contents of activities:

As the department mainly responsible for various research and technological development in
the Sri Lankan tea industry, the TRI implements research linked to ingredients analysis,
variety improvement, soil improvement and agricultural chemicals, guidance on commercial

farming and so on. Also, through publishing the outputs of black tea research related to soil,



fertilizer, tea leaf water content, etc., as “recommendations”, it also conducts education and

dissemination activities'.

Outline of organization:

The Tea Research Institute employs 75 Ph. D researchers who conduct the activities described
above. Moreover, at four branch offices throughout the country, it conducts various technical
guidance for producers and processors, and it also owns two estates (large-size tea

plantations).

Following implementation of the Survey, the Sri Lanka Tea Board and Tea Research Institute will
autonomously maintain the Analyzers. Since the Analyzers can be used for a minimum of 10 years,
it will not be necessary to conduct replacement for the foreseeable future. Following the Survey,
the Tea Research Institute will continue to use the Analyzers for researching black tea ingredients,

while the Sri Lanka Tea Board will use them to conduct pre-export inspections, etc.

(5) Target Area and Beneficiaries

Target Area : Sri Lankan Tea Industry

Beneficiaries : Stakeholders of Sri Lankan Tea Industry.
(6) Duration

From November 2017 to July 2022 (as of January, 2022)

! Although recommendations are not binding, they carry strong influence in Sri Lanka.



(7) Progress Schedule / Manning Schedule

Table-1 Progress Schedule

2017 2018 2019 2020 2022

Activiti
ctivities nln|1]2]3TalsTel7lsofwluln1T2]3la]sle[7]s8[olw0olnn n[1]273 s 167

Activities for Output 1

11 Discuss and examine the details of black tea sample collection which will be needed for the adaption of tea

near-infrared ingredients analyzer to local conditions.

1-2:  Collect and analyze the black tea samples based on the contents discussed in Activity 1-1 |

1-3: Design and manufacture the tea ingredients analyzer based on the results of Activity 1-2

1-4 :  Transport, install and conduct a trial running of two tea ingredients analyzers manufactured in Activity 1-3

Compile an operating manual for the tea ingredients analyzer and teach usage of the analyzer to the C/Ps

15 through on-the-job training
Analyze the black tea samples with the ingredients analyzers; collate the ingredient proportions with the
1-6 :  results of conventional chemical analysis conducted in Sri Lanka and then revise and adjust the calibration |
curve
Based on the results of Activity 1-6, discuss with TRI and SLTB, get an assessment of the precision of
1-7 :  calibration curve formulation for each ingredient, and verify the accuracy of the tea ingredients analyzer with |:|

a view to recommending it for industry use

Activities for Output 2

2-1: Install the analyzers that were verified in Output 1 and two more analyzers in TRl and SLTB.

2-2:  Selectinstallation sites in the value-chain to verify the effectiveness of the analyzer.

Install the analyzers in the sites that were selected in Activity 2-2; analyze tea samples according to each
2-3: objective, a) for value addition, b) for quality assessment, and c) for compliance with 1SO standards; assess |
the effectiveness of the analyzer, and receive evaluations from the installing sites. !

2-4 :  Based on the results of Activity 2-3, assess the effectiveness of the analyzer. | |

Activities for Output 3

No trip to Sri Lanka nor no activity progress due to Covid-19 pandemic (Apr. 2020 - Apr. 2022)

31: Propose detailed plans so that TRI and SLTB can recommend tea ingredients analysis utilizing the analyzer in :I
" the Sri Lankan tea industry
32 Invite C/Ps to Japan to allow the proposing company to introduce the efforts of the Japanese green tea |:|
industry and thereby emphasize the importance of ingredients analysis
13- Hold an awareness promotion seminar and workshop for exporters, brokers, tea producers and tea factory |:|
* owners etc. that are expected to be the users of the analyzer
34: Propose dissemination plans such as quality indications on packages and differentiation based on

characteristic ingredients in each region, etc

3-5: Compile a plan for business deployment by the proposing company following the Project




Table-2 Manning Schedule

Year
Name Work in Charge Company 2017 2018 2019 2020 2022
11 | 12 1 2 3 4 5 6 7 8 9 | 10} 11 1 2 3 4 5 6 7 8 9 |10} 11} 12| 1 2 3 5 6 7
11/13}12/18 11/26]12/1-|1/30- 2/1-9 3/11- 6/27-17/1-9, 8/1-3 1/20-{2/23- 6/30 7/1-
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Yosuke X . e -30 29
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(8) Implementation System

Kawasaki Kiko is taking overall charge and supervising the Survey over the entire duration.
Shizuoka Seiki Co., Ltd. (reinforcement), which is a cooperating company in the Analyzer
business, and the Tea Research Center of Shizuoka Prefecture Agriculture and Forestry
Technology Institute primarily conduct mutual technological verification with the C/P concerning
Output 1 (demonstration of black tea ingredients analysis by the near infrared spectroscopy), while
the University of Shizuoka mainly works on verifying the Analyzer feasibility in Output 2. We
believe that by leveraging the experience of these agencies cultivated in the Japanese tea industry,
it will be possible to enhance the effectiveness of activities, and by effectively and efficiently
feeding back the experience of the Survey to the tea industry in Shizuoka Prefecture, contribution
can also be made to the overall development of Shizuoka’s tea industry. Japan Development
Service Co., Ltd., which implemented the SDGs Business Model Formulation Survey with
Kawasaki Kiko, will continue to be employed as an external agency for facilitating smooth and

efficient Survey operation and assisting in the creation of the various outputs.

MP|
- < Supervising
—P -
Implementating KAWASAKI JICA
Counterparts Kiko
TRI —Pp g
Report

Implementing
Team

Tea Research Center,
Shizuoka Seiki Shizuoka University of Shizuoka,
Japan Development Service

Figure-1 Implementation Structure Diagram
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3.

ACHIEVEMENT OF THE SURVEY

(1) Outputs and Outcomes of the Survey

[Activities linked to Output 1]

Output 1: Adaption of the Analyzer to analysis of Sri Lankan black tea ingredients is
demonstrated.

Activity 1-1:  Discuss and examine the details (elevation, production area, grade, season, etc.) of

black tea sample collection which will be needed for the adaption of the Analyzer

to local conditions.

The most important thing for adapting the Analyzer to the local specifications in the Survey is the
implementation of verification to prove that the Analyzers and calibration curves developed for
green tea in Japan can be applied to Sri Lankan black tea (crude tea/raw leaves) based on

comparison with ingredient values derived from conventional chemical analysis.

To implement this work, it is important to efficiently collect samples of Sri Lanka’s diverse black
tea in the necessary quantities and with a good balance of such conditions as elevation, season,
grade (processed size), etc., which impart differences in flavor and aroma. Therefore, in Activity
1-1, discussions were held on numerous occasions with TRI and SLTB concerning the timing,
location, types and quantities of black tea of collection while also considering the aforementioned
conditions. It was eventually decided to collect groups of black tea samples according to the

hierarchical structure shown in Figure-2.

Dry Pekoe ] Dry Pekoe ]

Little amount of Pekoe and BM are available
Dry Pekoe ] in high-grown area during rainy season

Middle

BOP Broken Orange Pekoe - Small or broken pieces of leaves

BOPF Broken Orange Pekoe Fanning’s - Smaller than BOP
leaves, broken leaf, slightly larger than dust

Pekoe  Twisted and Coarse
BM Broken Mix — Smaller then BOP 1A’s

Figure-2 Results of Discussion and Examination of Details of Black Tea Samples for Collection
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Among the aforementioned conditions, “Elevation (high ground, middle ground, low ground)” has
the highest priority. In other words, differences in elevation have a major impact on the quality of
black tea. Considering that approximately 70% of black tea on the market is produced on low
ground, as a result of the discussions with the C/Ps, it was decided to select 10 factories each from

high ground and middle ground and 15 factories for low ground.

Concerning grade (processed size), it was decided to select three types of the crude tea/raw leaves
harvested by each factory. Three grades, i.e. Best, Below-best, and Poor, were selected in the case
of raw leaves, while three of the most commonly harvested sizes by factories were uniformly

selected according to each season in the case of crude tea.

To maintain quality, for every 100g, the collected samples were packed into five bags (for TRI, for
SLTB, for the Japan side, and two spares) with deoxidant inserted, and the samples were promptly
placed in frozen storage in the minimum specified time. It was also agreed to calculate the
necessary quantity of equipment and materials required for sampling, transport it from Japan, and

implement transfer of technology concerning methods of use.

Activity 1-2: Collect and analyze the black tea samples based on the contents discussed in

Activity 1-1.

Following discussions with SLTB and TRI, it was decided that the Tea Supervision Department of
the SLTB, which has jurisdiction over the marketing of black tea for domestic consumption in Sri
Lanka and exporting, should take the initiative in implementing the black tea sample collection
work decided in Activity 1-1. Specifically, five employees selected from the Tea Supervision
Department toured black tea factories in Sri Lanka (crude tea collection: 35 factories x 2 seasons,
raw leaf collection: 9 factories x 2 seasons) and collected samples in the necessary quantities. When
touring the factories, employees from the nearest SLTB regional offices provided assistance
whenever necessary. Table-3 shows the planned and actual collection work and the causes of work

delays as reported by the Tea Supervision Department.

Table-3 Planned and Actual Black Tea Sample Collection Work

Type Season Planned Actual Remarks
(as of December 2017)| (as of October 2018)
Crude tea Dry season 2017 December 20 2017 December 20 Because vehicles were being
-January 26 -February 5 used for other work
Wetseason 2018 April 2 2018 April 2 Because the factory road was
-May 4 -June 19 closed by torrential rains
Raw leaf Dry season 2018 January 15 2018 January 15 Finished on schedule
-March 30 -March 30
Wet season 2018 April 2 -June 29 | 2018 April 2 Because the factory road was
-August 30 closed by torrential rains
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Table-4 shows a list of the factories where samples were collected in this activity.

Table-4 List of Black Tea Factories where Black Tea Samples were Collected

ID Name Green Leaf Quality Elevation
HO1 MF188 ST. COOMBS High Up
HO02 | MF235 NAYABEDDE High Up
HO3 MF457 PEDRO High Up
H04 | MF692 WALTRIM High Up
HO5 | MF779 SOMERSET High Up
HO06 | MF221 THALAWALELLE High Up
HO7 | MF689 LUXAPANA High Up
HO8 | MF486 KIRKOSWALD High Up
H09 | MF595 DICKOYA High Up
H10 | MF769 ALTOM Medium Up
MO1 | MF93 ANCOOMBRA Medium Mid
M02 | MF608 CRAIGHEAD Medium Mid
MO03 | MF109 GERAGAMA Medium Mid
M04 | MF561 COOROONDUWATTE Medium Mid
MO5 | MF164 IMBOOPITTIA Medium Mid
MO06 | MF573 ROKATANNE High Mid
MO07 | MF548 KENILWORTH High Mid
M08 | BF28 ORANGEFIELD High Mid
M09 | MF1203 UVAHALPE High Mid
M10 | MF381 DEMODARA High Mid
LO1 MF81 VOGAN Medium Low
L02 MF1370 RUFUNU Medium Low
L03 MF1558 ARUNA Medium Low
L04 BF140 KUNDUPPUKANDA Medium Low
LO05 MF954 MORAGALLA Medium Low
L06 MF1501 SITHARA High Low
LO7 MF1437 DELLAWA High Low
LO8 MF1410 GUNAWARDANA High Low
L09 MF1287 NANDANA High Low
L10 MF1275 DENJIYAYA Medium Low
L11 MF1337 LUMBINI High Low
L12 MF1172 NEW VITHANAKANDA Medium Low
L13 MF103 OPATHA Medium Low
L14 MF181 CECILIYAN Medium Low
L15 MF1217 GALPADIENNE Medium Low

Activity 1-3:  Design and manufacture the Analyzer based on the results of Activity 1-2.

Based on the results obtained in Activity 1-2, the proposing company designed and manufactured

the Analyzer in Japan.

Activity 1-4: Transport, install and conduct a trial running of two Analyzers manufactured in
Activity 1-3.

Preparations were made to deliver Analyzers and incidental equipment to the location agreed by
the Japanese and Sri Lankan sides during the visit to Kawasaki Kiko before the start of the Survey,

and during the visits in November and December 2017 following the start of the Survey.
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The Japanese exporter transported the Analyzers from Shizuoka Prefecture, where the proposing
company is situated, to the C/P (SLTB) by DDP (Delivered Duty Paid), however, a NFE (No
Foreign Exchange involved) penalty was charged when going through customs (this is imposed on
products that have not yet undergone sale), however, the payment was eventually rendered

unnecessary after MPI and SLTB promptly submitted letters to the customs authorities.

The Study Team members and C/P (SLTB) opened the products, inspected the items and checked

operations during the visit of January 2018.

Activity 1-5:  Compile an operating manual for theAnalyzer and teach usage of the Analyzer to

the C/Ps through on-the-job training

During the work in Sri Lanka in January and April 2018, the Study Team members explained the
method of use of the Analyzer and precautions, etc. in operation and provided technical guidance
to the researchers of SLTB and TRI on how to measure black tea samples using the Analyzer and
how to divide raw tea leaves into small lots and dry them by microwave oven for long-term storage.

Table-5 shows the contents of the technical guidance.

Table-5 Technical Guidance on Use of Analyzer

Implemented Date Targets Contents

January 20 SLTB Technical explanations for TCD employees on the Analyzer
(Tea Commissioners parts, storage method and basic operations.

Division)

January 24-25 TRI In addition to the above explanation of basic operations, the
(Biochemistry Division | ingredients analysis process was explained by actually setting a
employees) black tea sample into the Analyzer. Following the explanations,

April 26 SLTB participants were asked to repeatedly perform the processes of
(Analytical Laboratory | “Power ON — Ingredients analysis — Power OFF — Basic
employees) cleaning” before the Study Team members to ensure they could

operate the Analyzer.

Activity 1-6:  Analyze the black tea samples with the Analvzers; collate the ingredient

proportions with the results of conventional chemical analysis conducted in Sri

Lanka and then revise and adjust the calibration curve.

In this activity, which is one of the core activities of the Survey, TRI implemented chemical
analysis on samples selected by the Japanese side (for higher work efficiency, 50 accurate samples
selected from 105 samples) based on data from samples collected by the SLTB, and the ingredient
values obtained from the chemical analysis were collated with the values obtained from the

Analyzer to verify the accuracy of the Analyzer.

Because the quality of Sri Lankan black tea fluctuates according to the season, it is necessary to conduct
the same sample collection and chemical analysis activities in both the dry season and the rainy season.

Accordingly, as is shown in Figure-3, this Activity 1-6 was implemented in tandem with Activity 1-2.
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If delays arise in either activity of sample collection (handled by SLTB) or chemical analysis (handled
by TRI), this would impart a major negative impact on the overall schedule. For this reason, during the
period of this activity, the work was advanced while closely liaising with the C/Ps and constantly

monitoring progress.

Schedule of Tea sample Collection and Verification Activity of Tea Ingredients Analyzer

Season

Dry | Wet | Dry | Wet | Dry

Year

2017 | 2018 | 2019

Month

2| 1 I 2 | 3 I 4| 5 6 | 7 s | 9 [0 [ u [ 12 | 1 2 3

Sample Collection of Made Tea

®Sample Collection (Dry) *Activity 1-2
12/20 _> 2/5

@Sample Selection (105—50 samples) *Activity 1-2
26 P> 2/9

®Chemical Analysis of the Samples *Activity 1-6
2/12 P 5/17

@Sample Collection (Wet) *Activity 1-2
4/2—» 6/19

®Sample Selection (105— 20 samples) *Activity 1-6
10/29 =P 11/2

®Chemical Analysis of the Samples *Activity 1-6
11/5  — 12/7

Sample Collection of Fresh Tea

Leaves

@Sample Collection (Dry) *Activity 1-2
1/15=————————P>3/30

®Sample Collection (Wet) *Activity 1-2
4/2 P 8/30

©@Chemical Analysis of the Samples *Activity 1-6
3/20—> 10/26

®@Chemical Analysis of the Samples *Activity 1-6
12/10 —> 2/15

Figure-3  Activity linked to Sample Collection and Demonstration

of Analyzer Accuracy (Activity 1-2/1-6)

As a result of discussions with the C/Ps during the above activities, five ingredients, i.e. water
content, total nitrogen, polyphenol, crude fiber, and caffeine were targeted for demonstration in
made tea and three components, i.e. total nitrogen, crude fiber, and polyphenol were targeted in

raw leaves.

Out of the abovementioned ingredients, water content and crude fiber are designated as indicators
under the international black tea quality standard of ISO3720, while polyphenol, total nitrogen and
crude fiber are designated as important ingredients analysis indicators that contribute to adding

higher value to black tea.

[Method of demonstrating ingredients analysis accuracy]

In Output 1, to gauge the accuracy of the Analyzer, verification was carried out to determine
whether the ingredient values obtained from the chemical analysis conducted by the Sri Lankan
side (TRI) fitted with the calibration curve of the Analyzer developed in advance in Japan. The

results of analysis conducted in this Survey are indicated below.
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® Calibration Curve for Made Tea

Prdict Vale (%) Prdict Vale (%)

Prdict Vale(%)

12.0 -
Moisture
10.0 'h=172
r=0.96 o
8.0 | SEP=0.62 ©
Slope=1.03
6.0 P S
&
4.0 o%)
2.0 o
B
0.0
0.0 5.0 10.0
Standard Value (%)
6.0 -
Caffeine
5.0 'n=70
r=0.96 ® 9
40 | SEP=0.30
Slope=1.30
o
3.0
K
@
2.0 o)
1.0
1.0 3.0 5.0
Standard Value (%)
20.0 . ,
Fiber
18.0 12100
16.0 r=0.85
Slope=0.72 .
14.0
12.0
10.0
O Dry Season
8 O > Wet Season
6.0

6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Standard Value (%)

— 16 —

Prdict Vale (%)

Prdict Vale (%)

6.0

5.0

4.0

3.0

2.0

30.0

25.0

20.0

15.0

10.0

Total Nitrogen

n=70
r=0.93
SEP=0.23
Slope=1.08

O O

8

2.0 4.0

Standard Value (%)

6.0

Polyphenol

n=70

r=0.95 &
SEP=0.84

Slope=1.06 [¢)

10.0 20.0

Standard Value (%)

30.0



@ Calibration Curve for Fresh Leaf (dried)

10.0 6.0
Moisture . Total Nitrogen
9.0 '
n=82 50 n=70
3 r=0.97 < r=0.95 p
< 80 sep-0.26 S 45 SEP=020 Sa
<>“ 70 Slope=0.84 g 40 Slope=1.04 o
5 %8 *a s
% 6.0 (@@O 5 3.5 o
a o®9 a3, M
5.0 L6
2.5
4.0 2.0
4.0 6.0 8.0 10.0 2.0 4.0 6.0
Standard Value (%) Standard Value (%)
30.0 - 35.0
Fiber Polyphenol
250 n=74 300 n=82
2 r=0.81 < 7 r=0.93
< 200 sEp—220, ® g < SEP=1.63
= Slope=0.97 o = Slope=0.71
S 150 |VP° OOO%O S 250 [2OPETL
B o 0
£ 100 £ S
20.0 &
5.0 8
0.0 15.0
0.0 10.0 20.0 30.0 15.0 25.0 35.0
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Figure-4 Chemical Analysis and Near Infrared Spectroscopy (Analyzer) Analysis Results

Similarity (R=1) of the biased grouping of

Value of # r? Interpretation
dots (sample chemical analysis values) with ~ Upto05 Upto025 Notusable in ncar-infrared reflectance
calibration
the straight line (calibration curve) in the #0.51-0.70  0.26-0.49  Poor correlation: reasons should be

researched
c. $0.71-0.80  0.50-0.64*  OK for rough screening; more than 50% of
figure signifies that the Analyzer values and variazce in y accounted for by x
+0.81-0.90 066-0.81  OK for screening and some other

the chemical analysis values are in “approximate” calibrations

. . 0.91-095| 0.83-0.90  Usable with caution for most applications,
alignment. This means that the closer the including research
+0.96-0.98 092-0.96  Usable in most applications, including
quality assurance
value of r gets to 1, the more generally the oo 098+ - Usable 1 any appication

Ana]yzer‘s accuracy has been demonstrated. * Due to rounding off, there are no values of 0.65, 0.82, etc. in this table.

Source: Near-Infrared Technology in the Agricultural
Repeated  verification ~was  necessary and Food Industries, 2nd Edition

concerning polyphenol and fiber, however, it Figure-5 Indicator of Correlation

was decided to utilize the Analyzer based on Coefficient Accuracy

the accuracy indicated above.
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® Values from existing raw leaf quality inspection (B-Leaf 60: “Best” “Below best” “Poor”) and the

Analyzer values and DUALEX measurement results

In Activity 1-6, in addition to this analyzer, DUALEX (a polyphenol measuring instrument) was
demonstrated as a simple and instant measuring instrument for raw leaves in tea fields and tea
factories. The fresh leaf samples collected at the 35 selected factories in Activity 1-2 were classified
into three grades using the conventional B-60. JICA Survey Team focused on the correlation
between the polyphenol values measured by the Analyzer for each of the three grades of fresh

leaves and the polyphenol values (chlorophyll index / flavonol index) measured by DUALEX.

THE ANALYZER DUALEX (POLYPHENOL INDEX 1) DUALEX (POLYPHENOL INDEX 2)
M Best M Below-Best M Poor M Best M Below-Best M Poor M Best MBelow-Best M Poor

Figure-6 Percentage of samples with the highest polyphenol values out of all samples collected

to each factory with a B-60 evaluation (n=35)

As shown in Figure-6, according to the Analyzer measurement (left), 67% of the samples with the
highest polyphenol values at each factory were rated as Best, which means that "higher quality tea
leaves contain more polyphenols", consisting with the original quality evaluation index. On the
other hand, in the DUALEX measurements (middle and right), many of the samples with the
highest polyphenol values were rated Poor. The ratio of the maximum value decreased as it became
Below-Best and Best, confirming that it was the opposite of the Analyzer measurement results and

B-60 evaluation.

THE ANALYZER DUALEX (POLYPHENOL INDEX 1) DUALEX (POLYPHENOL INDEX 2)

M Best M Below-Best M Poor M Best M Below-Best M Poor M Best M Below-Best M Poor

Figure-7 Percentage of samples with the lowest polyphenol values out of all samples collected

to each factory with a B-60 evaluation (n=35)
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The Figure-7 shows the percentage of samples with the lowest polyphenol content, but contrary to
the results with the highest polyphenol content, the analyzer (left) showed a percentage of Best of
0%. Most of those with the lowest polyphenol values were rated Poor. On the other hand, in the
DUALEX measurement (center and right), about half of the samples with the lowest polyphenol

value were evaluated as "Best" in the sensory evaluation.

From the above, we obtained the result that the polyphenol measurement by DUALEX has no

correlation with the current B-60 evaluation and analyzer measurement results.

Activity 1-7: Based on the results of Activity 1-6, discuss with TRI and SL.TB, get an assessment

of the precision of calibration curve formulation for each ingredient, and

demonstrate the accuracy of the Analyzer with a view to recommending it for

industry use.

In this Survey, demonstration activities were initially conducted with a view to achieving the
correlation coefficient r of 0.91 or higher as shown in Figure-5, however, because the r value varies
slightly according to the measured objects, season, location, etc., it was concluded in a joint
meeting held between the JICA Survey Team and C/P agencies on March 21, 2019 that it is
necessary to consider the demonstration value according to the target ingredient. As a result,
concerning the accuracy of made tea fiber (R= 0.85), it was deemed possible to utilize the Analyzer
as an auxiliary inspection instrument in pre-auction and pre-export inspections, and it was agreed
to conduct verification over the extent possible during implementation of the Survey. The r values

for each ingredient are as indicated below.

[Made Tea]
Comp. SEP Slope r
Moisture 0.62 1.03 0.96 ©
Nitrogen 0.23 1.08 0.93 ©
Fiber 0.85 0.72 0.85 O
Caffeine 0.30 1.30 0.96 ©
Polyphenol 0.84 1.06 0.95 ©
[Fresh Leaf (Dried)]
Comp. SEP Slope r
Moisture 0.26 0.84 0.97 ©
Nitrogen 0.20 1.04 0.95 ©
Fiber 2.20 0.97 0.81 O
Polyphenol 1.63 0.71 0.93 ©
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[Activities linked to Output 2]

Output 2: The effectiveness of the Analyzer in the Sri Lankan tea industry value-chain and for
the quality assessment conducted by SLTB is demonstrated.

Activity 2-1: Install the Analyzers that were demonstrated in Qutput 1 and two more Analvzers
in TRI and SLTB.

In addition to the two Analyzers that were installed in Output 1, a further two Analyzers were
shipped to Sri Lanka and unpacked at SLTB on June 10, 2019. Thus a total of four Analyzers were
installed at SLTB for Activity 2-3.

Activity 2-2:  Select installation sites (exporters, brokers, crude tea factories, etc.) in the value-

chain to verify the effectiveness of the Analyzer.

[Exporter and brokers]

Based on discussions between SLTB and TRI, exporters and brokers were selected as candidates
for introducing the Analyzers, and the said companies were visited and approached to give advance
explanations and confirm whether they could cooperate in the Survey. Moreover, demonstrations
of the Analyzer were conducted at SLTB with a view to getting more large corporations interested
in cooperating. As a result, the following four exporters and two brokers were selected to host the

demonstration activities.

Exporters Brokers
Exporter A Broker A
Exporter B Broker B
Exporter C
Exporter D

[SLTB Regional Offices]

Concerning the demonstration activities (raw leaf verification) at the tea factories that were planned
at the start of the Survey, it was decided to switch the activities to the SLTB regional offices in the
belief that the Assistant Tea Commissioners or Tea Inspectors at the regional offices could conduct
the demonstration of raw leaf samples gathered from the tea factories with greater accuracy.
Considering the location (elevation), functions, size, etc. of each office, demonstration activities
were implemented at five regional offices (out of the total number of seven offices). The selected

offices and their elevations are indicated below.

Regional Office Elevation
Nuwara Eliya High
Gampola Middle
Bandarawela Middle-high
Ratnapura Low
Matara Low
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Activity 2-3: Install the Analyzers in the sites that were selected in Activity 2-2: analyze tea

samples according to each objective, a) for value addition (made tea), b) for

quality assessment (raw leaf), and c¢) for compliance with ISO standards (made

tea); assess the effectiveness of the Analyzer, and receive evaluations from the

installing sites.

Originally, it was intended to conduct demonstration activities aimed at verifying consistency
between the results of the conventional inspection methods and the Analyzer at exporters and the
SLTB, however, comparative analysis with conventional inspection methods, etc. was

implemented in each stakeholder in the black tea value chain according to objective.

® Comparative analysis between conventional inspection method (B-60) and the Analyzer

measurement by SLTB regional offices

In this report, results are stated for the two ingredients of polyphenol and crude fiber based on

needs in the Sri Lankan tea industry.

[Nuwara Eliya Regional Office] Number of samples: 200

C-FIBER - POLYPHENOL _
20.0% Nuwara Eliya Nuwara Eliva
: n=200 35.0% n=200
18.0% ' , ’
30.0% .
16.0% ’
14.0% ' 25.0% I I
L ]
0 []
12.0% 20.0%
10.0%
15.0%
8.0% z
6.0% 0.0%  MVi26.08%  MV25.62% My-24.88%  MV:20.78%
4.0% < o $D:2.22% SD:2.20% SD:2.31% $D:2.90%
: MV:8.79% MV:11.84%  MV:12.46% MV:16.40% 0% | pectl Best2
20% SD:1.74% SD:1.64% SD:1.35% SD:1.36% s Below Best  Poor
Bestl Best2 Below Best Poor 0.0%

0.0%

[Bandarawela Regional Office] Number of samples: 200

C-FIBER POLYPHENOL
25.0% Bandarawela Bandarawela
n=200 35.0% n=200
[}
20.0% - L 30.0%
25.0%
15.0%
20.0% ] 1] ®
10.0% L
15.0% ®
* [ ]
[ ]
5:0% 10.0%
Best1 Best2 Poor

Bestl Best2  Below Best Poor Below Best

0.0% 5.0%
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[Gampola Regional Office] Number of samples: 188

C-FIBER POLPHENOL |
Gampola
Gampola 15% p
25.0% n=188 n=188
0%
.
35%
20.0% .
]
30%
15.0% 25%
) °
20% ! Py M
10.0%
: 15% LJ L4
]
Mv:ase% © MV:13.59% MV:14.50% MV:17.70% 10% MV:27.95% MV:26.39%  MV:25.64% MV:23.39%
5.0% $D:2.50% SD2.28% ® SD'i 7"1% SD:1.14% SD:2.92% SD:2.68% SD:3.26% SD:4.40%
Bestl ® Best2 Beio;lv Best Poor 5% Bestl Best2 Below Best Poor
0.0% e 0%

[Ratnapura Regional Office] Number of samples: 212

C-FIBER POLYPHENOL
o Ratnapura Ratnapura
18.0% 12212 40.0%
16.0% | ° n=212
35.0%
14.0% [ ]
30.0% |
12.0%
s I l
10.0% 25.0%
8.0% 20.0% I
[ ]
6.0% 15.0%
4.0% Py
10.0% : . .
2o%  MVIS74% @ MVS9.75%  MV:0.94%  MV:15.89% MV:29.83%  Mvi27.53% - MVvi26.83% - MV:22.23%
oo | SD2.50% : SD:1.68% SD:1.90% SD:0.74% 5.0% SD:2.38% $D:1.80% SD:1.98% SD:1.61%
: Bestl Best2 Below Best Poor Bestl Best2 Below Best Poor
0% 00%
[Matara Regional Office] Number of samples:200
C-Fiber Polyphenol
Matara Matara
20.0% 40%
18.0% .n:ZOO n=200
16.0%
° ' 35% °
14.0% ‘ P '
12.0% °

30%
10.0%

.
°
°
8.0%
]

[ d
L ]
6.0% 25% L ]
20% .
2% ° MV:9.99%  MV:9.99% MV:15.50% 20%
X 9. 9. o0 1o,
o MV:7.42% WSS s MV:30.15%  MV:29.07% MV:28.84% MV:23.69%
SD:1.74% oA o oo SD:1.85% SD:1.77%  SD:1.78% SD:1.66%
2.0% Bestl Bestl Best2 Below Best Poor

15%

As is shown in the above figures, as the B-60 assessment of tea leaves becomes higher, the crude
fiber content go down and polyphenol content increase in all five of the regional offices. Since the
conventional view has been that tea leaves are better if fiber is low and polyphenol is high, there is
a high correlation between the conventional inspection method and the Analyzer measurements.
Also, a correlation was observed whereby the total nitrogen content increases in tea leaves that

have a good B-60 assessment.
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@ Comparative analysis between exporter/broker auction prices and the Analyzer measurements

[Broker A] Number of samples: 212

Price All
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[Broker B] Number of samples: 36

Price All
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[Exporter A] Number of samples: 36

A proportional relationship is seen between tea
quality (Predict) based on the Analyzer results
and auction prices (A-Price), and there is a
correlation of R=0.61 in this.

A proportional relationship is seen between tea
quality (Predict) based on the Analyzer results
and auction prices (A-Price), and there is a
correlation of R=0.64 in this.

At Exporter A, as a result of examining auction
prices and the estimated values based on the
Analyzer results, correlation was observed as
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[Exporter B] Number of samples: 78
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Exporter B separately obtained data at high elevation and low elevation. In either case, it can be
seen that a high correlation was found between the Analyzer results and actual auction prices: R=
0.71 at low elevation as shown in the figure on the left, and R= 0.77 at high elevation as shown in

the figure on the right.

[Exporter C] Number of samples: 24

) At Exporter C, as a result of examining auction
Price All y =0.5709x + 184.81
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[Exporter D] Number of samples: 133

. At Exporter D too, a high correlation of R=0.39
Price All y =0.1491x + 448.4 .
o R? = 0.1491 was found between the estimated values based
on the Analyzer results and actual auction
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The questionnaire findings obtained in this activity will be reported together with the contents of

the discussions in Activity 2-4.

Activity 2-4: Based on the results of Activity 2-3, assess the effectiveness of the Analyzer.

Discussions were conducted with the C/Ps and the exporters and brokers where the Analyzer was
installed and used according to objective. Through these discussions, feasibility of using the
Analyzer in the black tea value chain was assessed.

[SLTB Regional Offices]

High correlation was observed between the conventional tea leaf assessment method (B-60) and
the Analyzer results at each regional office, and the local employees voiced the following opinions

in their responses concerning the Analyzer:

- The Analyzer can contribute towards promotion of B-60.
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- It is anticipated that a tea leaf grading system based on analyzer assessment of polyphenol
and fiber can be introduced, making it possible to build a system whereby farmers that

produce high-quality tea can be paid more.

On the other hand, the following opinions were also voiced:

- The Analyzer is too expensive to purchase.

- B-60 assessment alone is sufficient.

Accordingly, it was ascertained that there are numerous impediments preventing offices from

actually purchasing the Analyzers.

[Brokers and Exporters]

Opinions were divided between the brokers and exporters that can analyze ingredients in their own

laboratories and those that can’t.

Many personnel in brokers and exporters that have their own laboratories voiced the opinion that,
even though the Analyzer results displayed consistency with auction prices as described in Activity
2-3, correlation coefficient figures of 0.7 and 0.8 were not sufficient to establish firm trust. In
contrast, the brokers and exporters that don’t have their own laboratories highly regarded the
usefulness of the Analyzer because it allowed them to respond to the needs of export destination

countries (requirement for polyphenol content of 17% or higher and so on).

However, as was also the case with the SLTB regional offices, the following concerns were also

voiced:

- There is demand for instruments that can measure residual agricultural chemicals in addition
to ingredient values.

- The Analyzer is too expensive to purchase.

Generally speaking, most of the respondents said that the Analyzer was too expensive to purchase,
although some positively responded by saying they would like to use it if it were available on loan
from the SLTB and so on.

[Activities linked to Output 3]

Output 3: Plans for realizing the dissemination of the Analyzer are proposed (compiled).

Activity 3-1:  Propose detailed plans so that TRI and SLTB can recommend tea ingredients

analysis utilizing the Analyzer in the Sri Lankan tea industry.

Kawasaki Kiko encouraged the TRI and SLTB to recommend tea ingredients analysis using the
analyzer to the Sri Lankan tea industry, and proposed such as, quality measurement and

certification equipment for Ceylon black tea, management of quality ingredients information
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management when shipping from tea factories, introduction of black tea (including raw leaf)
quality assessment indicators, guidance on tea cultivation based on ingredients analysis results,
subdivision of quality according to quantities of specific ingredients, inclusion in the TRI’s
“Recommendations”, etc.. As a result of holding discussions with the SLTB and TRI, it was agreed
to utilize the Analyzer as a device for measuring fiber and polyphenol values in tea samples that
receive a “Decline” judgment in pre-auction inspections implemented by the SLTB. Also, from the

TRI, the “Recommendation” that is essential for disseminating the Analyzer in the tea industry was

acquired.
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Activity 3-2: Invite C/Ps to Japan to allow the proposing company to introduce the efforts of

the Japanese green tea industry and thereby emphasize the importance of

ingredients analysis. (Already implemented)

It was planned to implement the acceptance activities in Japan around July 2019 at the end of
Output 2, however, since the Sri Lankan side voiced a strong desire to “quickly observe initiatives
in Japan’s tea industry so that we can utilize them in the overall dissemination and demonstration
program”, six senior researchers were invited from the C/P agencies (MPI, SLTB, TRI) to observe
conditions in Japan as outlined below. A Secretary from the MPI, two senior officials from the
SLTB, and the Chairman from the TRI travelled to Japan and held discussions on ways to introduce

and utilize the Analyzers in Sri Lanka and boost competitiveness of the tea industry.

1. Objective: Deepen understanding about tea ingredients analysis and acquire know-how about

quality control and value adding based on use of the Analyzers in Japan, and turn this into an
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opportunity to establish more concrete policies for disseminating tea ingredients analysis
technology in Sri Lanka.
2. Implementation Items:

® Build technology and knowledge concerning tea ingredients analysis. (Visits to the Tea

Industry Research Center, etc.)

@ Learn about initiatives by Japanese companies concerning quality control and value

adding based on use of the Analyzers. (Visits to private sector companies, etc.)

® Observe current conditions of the Japanese market for tea and tea products. (Visits to

University of Shizuoka, etc.)
3. Hosting period: June 25 (Monday) 2018 — June 30 (Saturday), 2018

4.  List of participants

Name Organization Post Remarks
Mr. J. A. Ranjith Ministry of Plantation | Secretary
Industries
Mr. Merenchige Jagath Ministry of Plantation | Director Development
Samantha Ravisinghe Industries (Tea)
Dr. Nishantha Jayathilake Sri Lanka Tea Board Director Participated
(Analytical Services) 6/25-6/29
Mr. Edirisinghe Appuhamillage | Sri Lanka Tea Board Tea Commissioner
Jayantha Kumara Edirisinghe
Dr. M. M. J. P. Gawarammana | Tea Research Institute | Chairman Participated
of Sri Lanka 6/26-6/30
Ms. S. A. D. Pradeepa S. Tea Research Institute | Research Officer
Jayawardhane of Sri Lanka

Activity 3-3: Hold an awareness promotion seminar and workshop for exporters, brokers, tea

producers and tea factory owners etc. that are expected to be the users of the

Analyzer.

On February 27, 2020, a seminar was staged primarily with the objective of reporting on the
Analyzer demonstration results for representatives of the Japanese Embassy in Sri Lanka, the State
Secretary of the Ministry of Plantation Industries, and approximately 150 other leading figures
from the Sri Lankan tea industry including representatives from the MPI, SLTB, Tea Research

Institute, TSHDA, Exporters Association, Brokers Association and so on.

The seminar program was as follows.
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Time Contents Speaker
1:00-1:25pm Registration
) ) Consultant, Japan Development Service Co., Ltd.
1:25-1:30pm Welcome Speech Mr. Junichi ANDO
1:30-1:35pm Opening Remarks from Sri Lanka side State Secre;iljy:jj;g}i:c\l;?g{iivelopment
Ambassador Extraordinary and Plenipotentiary
1:35-1:40pm Opening Remarks from Japan side of Japan to Sri Lanka
Mr. Akira SUGIYAMA
1:40-1:50pm Promoting ceylon Tea by Enhancing Chairman, Sri Lanka Teg Board
Total Quality through Technology Mr. Jayampathy Molligoda
1:50-2:05pm Outcomes of Ou.tput 1 and Output 2 Director/Chief Executive Ofﬁcgr, Tea Research Institute
of JICA Verification Survey Dr. L S K Hettiarachchi
" Shizuoka-Pref. Research Institute of Agriculture
2:05-2:45pm and recommendations & Forestry, Tea R.esearch Centre
Dr. Tadashi GOTO
2:45-3:00pm Fresh leaf eYalugtion using the ?nal.yzer KAWASAKI KIKO Co., Ltd. Overseas Dept.
& Tea cultivation for mechanization Mr. Hideki OKAMOTO
3:00-3:20pm Tea Break
S New Tea Processing Machinery KAWASAKI KIKO Co., Ltd. Overseas Dept.
for high value-added products Mr. Hideki OKAMOTO
3:35-4:05pm Improving the sales and Brand Power University of Sh'izuolfa, Tea Science Centre
of Tea Products Prof. Yoriyuki NAKAMURA
4:05-4:25pm Question and Answer Mr. Niraj del Mel (Moderator)
4:25-4:30pm Vote of Thanks President, KAWASAKI KIKO Co., Ltd.

Mr. Yosuke KAWASAKI

With collaboration between government, industry and academia from Japan and the public and
private sectors in Sri Lanka, this seminar was a major event that offered an ideal opportunity to

advertise the Analyzer technology to representatives from the Sri Lankan tea industry.

Activity 3-4: Propose dissemination plans such as quality indications on packages and

differentiation based on characteristic ingredients in each region, etc.

Because the COVID-19 pandemic started and travel controls were imposed after the Survey team
returned to Japan following Activity 3-3 in February 2020, it wasn’t possible to conduct concrete
discussions again until May 2022. The TRI recommendation mentioned above was acquired,
however, from the viewpoint of “improving the added-value of crude tea”, it wasn’t possible to
make the originally intended proposal differentiating based on quality displays on packages and
characteristic ingredients of producing areas, and there were confirmed to be high needs for
utilization of the Analyzer for the purpose of “crude tea quality control”. Accordingly, proposals

for promoting dissemination of the Analyzer were made in the following Activity 3-5.

Activity 3-5:  Compile a plan for business deplovment by the proposing company following the

Survey

As the conclusion of this Survey, the Analyzer will not immediately go on sale, however, as a result
of the demonstration activities conducted so far, considering the growing awareness towards
quality control and the limited nature of human resources in the industry, a plan for developing the

Analyzer business in future was compiled.
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- Utilize the Analyzer in digital auctions

— Recently in Sri Lanka, auctions are increasingly being implemented online rather than
face-to-face, and it is forecast that more quantitative indicators will be required in tea
assessment work from now on. By using the Analyzer ingredient values in tea
assessments, it will become possible to more objectively respond to the needs of export

destination countries.

- Introduce to the SLTB and other inspection agencies and provide inspection services

— Among tea industry officials in Sri Lanka, since there is currently strong resistance to
the Analyzer due to its high price, it will be necessary to make effective use of the four
Analyzers that have already been introduced. There are still extremely high needs for
ingredients assessment (especially crude fiber, polyphenol and caffeine), and the SLTB
also recognizes the need for quality control of Sri Lankan tea using the Analyzers. In the
near future, it may be effective to encourage the SLTB to build a structure whereby
private sector companies that are required to demonstrate ingredients of exported black
tea by overseas customers consign the SLTB to implement inspections of tea samples,

and the SLTB charges a fee for this service.

Moreover, because the Analyzer can also assess the ingredients of tea leaves (dried), it
will also be possible to introduce the Analyzers to SLTB regional offices and use them

in conducting farming guidance and assessing quality.

- Explore the feasibility of deploying basic type analyzers (for limited ingredients)

—  The current Analyzer can measure five ingredients, however, the brokers, exporters, tea
factories and other stakeholders displayed interest in different ingredients. As one
approach for responding to the price needs of each organization regarding the analyzer,
the feasibility of deploying analyzers that measure limited but needed ingredients and

are priced reasonably enough to promote purchase.

(2) Self-reliant and Continual Activities to be Conducted by Counterpart Organization

It has been decided that the SLTB should safeguard the equipment that has been supplied to the

counterparts in this Survey.

Concerning future utilization of the Analyzer, as described in the above proposal, sample
measurements will continue to be implemented on the ingredients that need to be assessed within
the black tea value chain under SLTB supervision. In tandem with the actual inspection work, the
SLTB Tea Commissioner and employees of the Tea Commissioners Division and Tea Exporters

Division will continue to appeal the usefulness of the Analyzer in Sri Lanka from now on.
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Tea producers/tea factory owners/tea factory managers would have potential opportunity to use
the Analyzer for screening made tea quality with respect to broker valuation and prices fetched at
the tea auction. However, relationship/s between the parameters estimated by the Analyzer and
price should be developed in order for them to obtain an idea about the prices and quality. Thus,
primarily an empirical mathematical formula should be developed between price and made tea
quality parameters, taking into consideration parameters verified. Therefore, data gathered from
KAWASAKI KIKO team for the prices and the quality parameters such as caffeine, crude fiber,
polyphenol, total nitrogen and moisture content of each tea grades from tea brokers need to be re-
analyzed by TRI to confirm or modify the above relationship/s. By using this kind of
relationships, judicious and more meaningful price bargaining could be attempted by the factory
owner/officer/manager etc. with broker/s with a view to promoting consistent made tea quality

products.

4. FUTURE PROSPECTS

(1) Impact and Effect on the Concerned Development Issues through Business Development of the

Product/ Technology in the Surveyed Country

The SLTB regional offices conduct activities with the goal of improving the quality of tea leaves
delivered to tea factories, however, as has been described previously, these efforts are not
producing great results because the technology has not become sufficiently disseminated and it is
hard to secure objectivity in quality assessments that primarily depend on senses and experience.
By assessing ingredient values that cannot be measured in sensory inspections, tea leaf quality
assessment based on the Analyzer contribute to grasping the quality characteristics of each tea
plantation, grasping the ingredient characteristics of each production area, and optimizing the

timing of the tealeaf harvest.

Moreover, since using the Analyzer makes it possible to measure ingredients specified under
ISO3720 (fiber, polyphenol, etc.) quicker and more conveniently than the existing chemical
analysis method, it is anticipated that the quality control structure throughout the entire Sri Lankan
tea industry can be strengthened by introducing and utilizing the Analyzer to provide scientific

basis for made tea assessed by the SLTB.
(2) Lessons Learned and Recommendation through the Survey

- Construction of a sustainable structure for utilizing the Analyzer (SLTB)

—  QGuidance on how to measure ingredients in made tea and tea leaves (dried) using the
Analyzer has already been provided in the Survey, however, in future it will be necessary
to build a structure whereby that know-how and knowledge can be passed on to new

people as personnel changes take place within the organization. This structural
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development includes not only the analysis methodology but also the safe management

of the equipment.

Examination for introduction of policy for disseminating the Analyzer (MPI and SLTB)

—  Now that the Analyzer has received TRI recommendation after having demonstrated its
accuracy in measuring five major ingredients, it is hoped that policies such as provision
of subsidies and tax exemptions be executed from now on to help ensure that the
Analyzer be effectively utilized in numerous crude tea factories, brokers and exporters

with a view to enhancing the value of Sri Lankan tea in international markets.
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ATTACHMENT: OUTLINE OF THE SURVEY

ERE!
_ Verification Survey with the Private Sector for Disseminating Japanese technologies
for Strengthening Competitiveness of Tea Industry through Utilization of Tea Ingredients Analyzer in Sri Lanka
Kawasaki Kiko Co., Ltd., Shizuoka, Japan

Concerned Development Issues Impact on the Concerned

Proposed
Products/Technologies

Development Issues in Sri Lanka

\

in Sri Lanka

G Activities for quality control, development
of new product, for example, based on
ingredients analysis will be implemented,

» Tea analysis which is conducted by Sri Lanka
Tea Board will be more efficient and the its
system will be enforced, and

» Quantitative quality assessment on tea leaf
transaction at tea factories will be carried
out which can result in fair transaction and

\_ tea leaf quality development. Y,

Tea is one of the principal export goods in Sri Lanka
which contributes 15% of total export value and 94%
of its production is exported; however, maintaining
the potential of value addition, for example, to
improve the international competitiveness is a
concerned issue.

Implemented Activities

in the Survey

GDURPOSE]

Project aims to verify the effectiveness of rapid

method to analyze tea samples for its international

quality standard by adopting existing Japanese
technology which utilize near-infrared method and
introduce the technique to Sri Lankan tea industry in
the aim of quality upgrade of Ceylon tea.

Output 1: The adaption of the Ingredients Analyzer
that utilizes near-infrared method to Sri
Lankan Black Tea ingredients analysis is
verified.

Output 2: The effectiveness of Ingredients Analyzer
that utilized near-infrared method in the
value-chain of Sri Lankan tea industry
and for the quality assessment
conducted by SLTB is verified.

Output 3: Plans for realizing the dissemination of
the Black Tea Ingredients Analyzer are

\ proposed (compiled). j

Outputs and Outcomes
of the Survey

Contribution to the tea industry in Shizuoka\
Prefecture through the collaborative
Survey Overview verification procedure.

Contribution to sales performance of the

Tea Ingredients Analyzer.

Contribution to sales performance of the
other Kawasaki Kiko’s products such as tea
manufacturing machines. j
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