Blending Coffee with Optimization Software

Targeting Blue Mountain coffee

Acidity Bitterness Astringency Umami Saltiness bitterness

Blue Mountain No.1
(L:20) 0 0 0

Colombia (EXC) (L:18.5)  0.61 0.68 0.08
Brazil No.2 (L:18.5) -2.65 -0.07 -1.57
Brazil No.2 (L:20) -0.61 -0.7 -0.63
Brazil No.2 (L:21) 13 -1.19 0.16
Blended 0.18 0.13 -0.09
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Genuine
Calculated Blue Méuntain: 4 USD/kg

Aftirtaste of

ueMountain: 416'USD/kg
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Taste quallties available 1rom the laste sensor

Taste information

Taste substances

Sample

Initial taste
(relative value)

Tastes derived from organic acids such as

Beer, coffee

Sourness o . ..
citric, tartaric and acetic acids.
. Tastes derived from mineral salts such as Soy source, soup, noodle
Saltiness
NaCl and KClI soup
. Bitterness can be hidden flavors or Soup, bean curd, sake
Bitterness

richness at lower concentration

Astringency

Astringent substances provide richness or
secret ingredient at lower concentration

Fruit

Taste of soup stock derived from amino

Soup, noodle soup, meat

Aftertaste
(CPA value)

Umami acids and nucleic acids
Taste derived from sugars and sugar
Sweetness
alcohols
Bitterness Lasting bitter taste contained in foods and | Beer, coffee
aftertaste beverages

Astringency
aftertaste

Lasting astringent taste produced by
catechins and tannins

Wine, tea

Richness (umami

aftertaste)

Lasting umami taste

Soup, noodle soup, meat

Coffee Laboratory White Stone Va 22578 TEL (866) 244-1578
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Sensory test is difficult

Market Research:

“We tried sensory evaluations, comparing to a competitor’ s products, but it
was impossible to grasp market trends because there were too many
samples.”

“Sensory evaluation puts a burden on panelists.”

“Results sometimes differ among panelists.”

New Product Development:

“It is difficult to communicate the actual taste of products,
because there is no objective measurement of taste.”

Product Marketing:

“We have no confidence in whether the final prototype corresponds with
development concept.”

“It takes a lot of time and expense to provide market research for a new

product.”

Quality Control:

“it is difficult to check the quality of many samples quickly and easily.”

An objective taste measurement
is strongly required.

o
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General classification of coffee

Low quality
but
inexpensive

Temp., Time, etc.
Canephora Roasting puum Infinit binat |
B|ending s !NTINITE COMDINAtiONS !

35% Arabica
65%

High quality
but
expensive

“It takes long time to become a coffee blender, because learning is
accomplished through hands on training, and experience.”

By using the Taste Sensing System,

- Accumulated sensor outputs can provide objective information on their
customers and consumers.

- Product design development time is greatly shortened, because the

optimization of taste and the associated costs, cannot be achieved by a
trained blender alone.

K. Toko ed., Science and Technology to Produce Deliciousness of

Foods/Medicines and Ensure The Safety, CMC Publishing (2012) (in5
Japanese).
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POS(point of sales system) data with Taste data

Regular coffee POS data
20, 30, 40 yrs buyer taste preference
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Optimization calculation of coffee beans based on taste

with market price

Coffee bean importer, Ishimitsu co, Ltd
*Cost down more than 10%
* Reduction of stock more than 50%

Data base of taste data of beans by TSS
(1)Price + Taste data
(2)Copy taste of target product
(3)Calculate blend ratio for target product
at minimum cost

[Food - Drug Technology to secure Taste and Safety.]
Chapter 26  ['Development of Coffee product
By use of Taste sensing system |
Author Ishimitcu Co., Ltd Mr. Ishiwaki

Coffee Laboratory White Stone Va 22578 TEL (866) 244-1578
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Example: visualize of product’s qualities

Bitter

225°C

T ... Rapid decrease in__]
; ‘. sourbutincrease !
. NG in bitter.
' : i 220TC .
| qua e — b el .1 Fruity, sweet and
.- i..® i 9 i caramelsmell
| OColombiaM .i e i 0O 215C
‘| @ColombialL | /] : i :
gty fos N

v Jd 210C

-

Herb flavor. Less sour
than the Colombia M.

Accumulate tastes and smells
data for roasting processes.

Trained blenders seIeLt"‘_c parts”

Current procedure

Case: Regular coffee

Select mainly
based on smell

Select “parts” by trained
ble of materials

Analytical
determination of
optimal combination

Mathematical
optimization

K. Toko ed., Science and Technology to Produce Deliciousness of
Foods/Medicines and Ensure The Safety, CMC Publishing (2012)
(in Japanese).

Compare with target

36

Coffee Laboratory White Stone Va 22578 TEL (866) 244-1578
www.coffeelabequipment.com



Example of Coffee product design

Compare by .
Target Taste sensor & W find
product Sensory test

Food design simulator

& Calculate the condition to

an optimum blend

*Cost
*Number of blendiing

* Quantity of coffee powder

1 10%

Py * Taste importance

(7))

s @ Fine tuning by Taste panelist
Bitterness

Sour-

Astringency
ness
— Target
— Blend
Rich- Sharp-
ness ness

— ueag 99‘500

&~

w Ueaq 9909

N> Ueaq 994400

Database

HERRR

| 1]

Bitter Astringent Sour Sharp Richness Price

Bitter Astringent Sour Sharp Richness Price

1111

Bitter Astringent Sour Sharp Richness Price
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Example
Evaluate Target product first and calculate the blending ratio
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€ How to make coffee sample

Weight 7 gram

Pour 130g hot water Stir gently

Nouhkwh Rk

Milling coffee bean Filter
Take 7g sample

Put 130g hot water, keep 10sec
Stir slowly 5 times

Keep 4 min

Filtering

Cool sample to ambient temp

Cooling

11
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Taste feature from countries

Brazil

Sourness

Columbia

Sourness

/4\
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Example: Optimum calculation for Target taste

Mandheling | Kilimanjaro

Confirm the taste of blended and target sample are same by taste panelist

Coffee Laboratory White Stone Va 22578 TEL (866) 244-1578
www.coffeelabequipment.com




Comparison between evaluated data and calculation data

A% s eVl INZ
Sourness

Sourness
4

4 \
Richness Fore-Bitter Richness Fore-Bitter
Fore- \ \ Fore-
After- . - After- Astri
Astringency Astringency Astringency / stringency

After-Bitter 7 VRic‘hness

Richness

Ca |C u Iate After-Bitter

Saltiness Saltiness

50% 50%

Sourness
4
Richness Fore-Bitter
0
= Actual
After- [ Fore-
Astringency Astringency .
/ — Estimate
After-Bitter Richness
Saltiness

Calculated value and actual measurement data are overlapped.

Coffee Laboratory White Stone Va 22578 TEL (866) 244-1578
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Comparison between TSS and sensory data(Left is TSS. Right is Nikkei MJ(2013/3/4)

Sensory data by
Nikkei

Sensory data by
Nikkei
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Taste difference of Bean grade

(Columbia and Brazil bean)

Taste difference Ave. vs Columbia

0 Ae @ Excelso o Suplemo
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Summary
(PDCopy target taste

Blending ratio by Optimum calculation

@Blending study

Foresee taste by changing ratio of blends
(3Easy understanding of new product
taste for buyers

@Propose space management by taste
®R&D by collaborating with POS data

ee Laboratory White Stone Va 22578 TEL (866) 244-1578
www.coffeelabequipment.co m



Mathematical Optimization

COFFEE LABORATORY

v At first, installation of Excel® add-in Solver is required.

COFFEE LABORATORY WHITE STONE VA 22578 TEL (804) 435-5522
www.coffeelabequipment.com
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e Select a target product and measure it using the
Taste Sensing System

e Enter the results into the Excel sheet

e Measure raw materials for product design using
the Taste Sensing System

¢ Enter the results into the Excel sheet

e Calculate the Mathematical Optimization

¢ Blend raw materials based on the result and
perform fine-tuning by a human sensory test if
needed.

COFFEE LABORATORY WHITE STONE VA 22578 TEL (804) 435-5522
www.coffeelabequipment.com



e Measure a target product using the Taste Sensing System.
e Enter the result into the Excel sheet.

Stepl

C e Te——— — — — eI T c10s0TE Exrcer N — -
Fil™| - | = MO.xls [Compatibility Maode] - Microsoft Excel = | =l
Home Insert Page Layout Formulas Data Review View Developer Solver Foundation Acrobat Team ] e = 22
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10 a ThE1 403 331 P &) 623 403 6Aa3 479 654 534 731 7439 Th1 56| =
11 10 FED 3128 224 1493 Cost FED 399 4 42 474 460 | as0 | 460 | 328 324 a5
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19 1 B o410 11.14 o0l Bitterness 1104 OR6 025 561 [ jn]u] 000 471 000 001 000 0.0c
20 (I [ 002 1632 000 Sourness 16 50 0Aa0 034 928 [ jn]u] 000 623 000 001 000 0.0c
21 I [ [afu] 936 025 Astringency 226 054 022 521 000 ujiu]u) 338 000 o001 000 on0c
22 I [ 009 452 oo Aftertazte-B 461 027 010 227 000 ujiu]u) 138 000 000 000 on0c
22 HIR 1 [ 017 £ 25 oo Sournezs 6.13 036 [ifaE] EED) ooo | ooo 195 ooo | oo ooo ooc
W 24 [ u] [ 012 625 000 A 6.13 036 003 384 [ jn]u] 000 1485 000 001 000 0.0c
25 |i u} [ 012 625 000 =] G.13 036 003 3 A4 [ jn]u] 000 135 000 001 000 0.0c
26 |1 o [ 01 025 [ajulu] C 6.3 026 0039 384 000 ujiu]u) 1485 000 o001 000 on0c
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Enter the measurement result (estimated taste values) here.
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Step 2

¢ Enter the results into the Excel sheet.

e Measure raw materials for product design.

MO.xls [Compatibility Mode] - Microsoft Excel

| = | & |
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12 430 315 Others 14.1 75 23 24 33 13.1 13 4 14 43 6.1 92 130 27 23
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16 58K 22% 555K 0D o0 365% 00K 0% 00K 00% 004 004 004 on%
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23 001 Sourness 613 036 (fuk] 354 000 | 000 135 ooo | oo 000 {0fa]u] {ffa]u] o000 o000 000
24 ono A 6.13 036 ong 1 R4 ong onoo 1435 ono oo onao oo oo apuju} apuju} onoo
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e Calculate the Mathematical Optimization:
setting options

T— = ~
Fld O = -_— . MO xls [Compatibility Mode] - chrusoft ExceF - |ﬂkﬂ]

Home Insert Page Layout Formulas Data Review View Developer Solver Foundation Acrobat Team 3 e = eE ER
3 “n |H3] Connections  Clea = = jData Walidation = = Group - ¥E Dy Solver
- @ f: operties ‘Hr ]? & Reapp 4 = Consolidate « Ungr:up - ’
Get External| Refresh - Z| sort Filter Y - Textto Remove _ . B
Data - All~ =2 Edit Links A6 Advanced | Columns Duplicates EP What-If Analysis - ﬂjSubtotal
Connections Sort & Filter Data Tools Outline = | Analysis
K36 - p v
1 N’:\. MBEX n? | En:l-\ | JLE | |I:- | Gu 4l H| - I| | Ju d%l‘ L| L Mu 1 Nu - Du b P. 4ok .:
- HT Select the samples to be used for the optimization.
e 3 D2 “q » : “ryY :
s 1 If enter “1,” the sample is to be used and “0” not to be used in
0 - i the optimization.
- 75 53 i e b Wes N [ wes [ass [wee [waa [ o | Ta | Tei e
11 10 498 348 227 133 Cost 4% [ 29N 942 [ 473 [ 450 [ 460 [ 460 [ 328 [ 229 05
12 11 1409 141 440 316 Others 141 7h X 24 38 121 134 14 43 6.1
:i miin % 0.08% \
15 Refofmin ratio =lected Sample
16 # of sample s 5 Min ratia 58K 292K 555K O00% OO% 265% 00N O1% 00K 00K
17 ol o2 [} o4 o b o b o T o ] o 10
: Wizt | Basidual | Eaticat | Rezidusl <0m of | 10 Sy |nnl—mm | alaiD] | QERE | 4 | 4 | fokel A | ol |s:e|:_nd| ol | oanze o
.1 Enter the minimum percentage of raw materials to be used in blending if |
] needed. B
2 . . . . . !
2 For example, if 3% is entered in the cell (E16), the raw materials contributed I
i less than 3% will be automatically omitted from the result. B
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e Calculate the Mathematical Optimization

1. Click the Data tab
2. Click Solver
3. Click Solve
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e Calculate the Mathematical Optimization

4. Check “Keep Solver Solution” and then click OK.
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Step 4

e Blend the raw materials based on the calculated
result and perform a human sensory test if needed.
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