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Abstract

Coffee production sites marks the most margin value for current coffee marketing in the
aim of building confidence in coffee trading and coffee consumers which refer to coffee specific
quality and confirm their authentication. Fatty acid related to qualitative coffee production
which contain between 7.7% to 17.7% of coffee consists of two abundant diterpene, Cafestol
and Kahweol which can be used for identification of production sites in parallel their quality
control of coffee products. Differentiation of two economic coffee varieties from Arabica coffee
(Caffea arabica) and Robusta (Caffea canephora) is based on the determination of the
Kahweol content found in very small amounts in Robusta coffee. The accumulation of these
above diterpenes was found in the coffee farm after the coffee blossom for 90 - 150 days (DAF
90 - 150), which corresponds to the altitude of the Arabica coffee plantation area. The level of
600 - 1,200 meters above sea level described from the ratio of both substances ranging from
1.50 for low-land and below 0.5 for highlands. Furthermore, the average temperature of
cultivated land, rainfall, coffee cultivars also affected the identifying substance. However, when
coffee was processed, although there was significant change in the amount of diterpenes,
especially the drying and storage process, but their ratio was not modified. On the other hand,
coffee quality determined by the aroma and flavor causing by the oil in coffee beans, which is
an important component of coffee production. Therefore, besides the amount of change in the
compound indicates the production process, the quality of the coffee beans can also be
determined by these two diterpenes. The Cupping Score corresponds on the amount of
Cafestol and Kahweol, which accord to the research results marked the used for coffee quality
control in coffee production. By the optimization of these Chemomectric results, the coffee
authentication could trace their plantations, confirm their identity and answer to single origin of
coffee products to promte ‘Fair Trade’ production of quality coffee in Thailand.
Keywords: Coffee authentication, Cafestol, Kahweol, Coffee production site, Cafeiculture,

Coffee processing
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Figure 1 Chemical structure of most abundant coffee diterpenes: (1) Kahweol and (2)
Cafestol
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Figure 2 Roasted coffee authentication using diterpenes method (Burton, 2020)
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Table 1 Extraction yield of total free diterpenes (100g.¢') present in green Arabica coffee oil

versus extraction time (h)

Yield (100g. ¢) GSLS Soxhlet (4 hours) AOQAC Soxhlet (16 hours)
Average 10.43 10.50
SD 0.52 0.21
RSD % 4.96 1.99

1.2 wan1swSeuiisuIsn1s@nansngu Diterpene
Han1sseufisunIsaaaunsananstnen1slgnseuiunis Cold on-column inlet (COC) 7
gauniviealay NIEUIUNIT Pulsed split inlet (PS) Ngaungil 330 asanaaidualdaiiudun 25 psi
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Figure 1 Chromatograms of diterpene standard (A) PS injector (pulse of 25 psi during the initial
15s with split ratio 1:50 at 330C) (B) COC injector in track oven mode. Both conditions used the
DB-5MS capillary column (10m, 0.25 mm, 0.15 mm) programmed from 50 C (0.25 min) at 15
C/min to 380 C (10 min), FID at 400 C.



1

147 Cafestol palmitate - ¢l Kahweol palmitate
3200 - T |* o
3000 -
BODD
2800 . Q O (CH )i =8¢ I}_ - O [CHz
2600 § 5 @ £ oM Tooo | e . oM
2400 \ o~ 285, \ ST
By | MRco:CHy .
g 2200 o g GODD
2000 - < < o’ '
§ s [MH,0-RCOH)" 280 = waras waie g so0 .
2 1600 258 ]
1400 [M-H0-RCO,CH]* 3 4000 4
1200 ¢ [M-H,0-RCO] [M-H;0-RCOLH]
1000 [Reor” 2000
800 229 %% [M-H-O-RCOCHT [M-RCOLCH"
600 ‘ 2000 1 g7 | m [H:O-RED)
s “I 1000 IRCar, m | [M-H;01
200 a1y 7 & 513 111 - z,I l 3 S
N 431 M4
& 9 1 S T SR . hr P — 82
% 10 10 200 250 300 3% 400 4% S0 & 0 -LI 4 -11i1r"" ! uF‘ VLSO Y T
iz S8 100 480 e 256 300 350 488 450 60O

mz

Figure 2 Mass spectra of cafestol, kahweol obtained on GC-MS with PS inlet at 330 C (pressure
pulse of 25 psi during the initial 15s) using DB-5MS column (10m, 0.25mm, 0.15 mm) heated
from 50 C (0.25 min) at 15 C/min to 380 C (10 min) and MSD transfer line at 380 C.
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Table 2 Yield (g100 . ¢?) of diterpene in Thailand green Arabica coffee oil and beans, and its

correlation with cup quality

Coffee bean Kahweol (K) Cafestol (C)  Ratio (C/K) Total

number and cup  Qil Oil Oil Bean
evaluation
1. Hard 6.64 4.25 0.64 11.27 1.07
2. Rio 7.50 4.92 0.66 12.42 1.10
3. Hard 5.81 4.14 0.71 10.31 0.95
4. Soft 393 4.80 1.22 9.13 0.82
5. Soft 4.87 7.21 1.48 12.08 1.04
6. Soft 4.24 6.51 1.54 10.75 0.89

2. HIATIENUTUIUEATS Cafestol uae Kahweol widutadenisiwizuan Wuiuaznssuds
n1sUgniidenasiauTunuansdfny
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Table 3 Chemical Composition in Thai coffee beans Coffea arabica and Coffea canephora

Compounds C. arabica(%) C. canephora(%)
Caffeine 08-14 1.7-40
Trigonelline 06-12 03-09
Mineral 3-54

Total Chlorogenic acid 6.7-9.2 7.1-121
Non-volatile acid 2-29 13-22
Volatile acid 0.1
Carbohydrates 9-125 6.0-11.5
Polysaccharides 46 - 53 34 - 44
Lignin 1-3

Protein 8.5-12

Amino acid 0.2-0.8

Fats 7.0 =177

Table 4 Composition of Coffee oils (dry materials) using methods AOAC, 1965

Compounds Total (%)
Triglyceride 75.2
Diterpene ester 18.9
Steroid 54
Tocopherol 0.04 - 0.06
Phosphatidic acid 0.1-0.5
Others 1.0
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Table 5 Cafestol and Kahweol content in Thai coffee separated with different tissues in C.

arabica and C. canephora compared to the content report by R. Eloy Diaz (2010)

Varieties Samples Content in Tissues (mg/100g of Sample)
Perisperm + Endosperm Pericarp Leaf Extract
(Bean) (Pulp)

C. arabica Cafestol 876 + 38 135+ 2 ND
WCR report 1,105 + 13 ND ND

Kahweol 462 £ 1 31+9 a0+ 1

WCR report 430 + 2 49 £ 2 45+ 2

C. canephora Cafestol 185 + 2 36+ 1 3+1
WCR report 200 + 3 32+ 2 ND
Kahweol 156 +5 ND ND
WCR report ND ND ND

ND = Not detected;

#Measurement conducted using gas chromatography analysis.

Table 6 Cafestol and Kahweol content in perisperm tissue during C. arabica fruit development.

Development of Fruit Cafestol (mg/100g) © Kahweol (mg/100¢) © Cafestol/Kahweol
perisperm tissues (DAF) Ratio
30 241.68 + 44.5 81.77 +41.2 2.96
60 217.98 + 20.9 304.11 + 47.5 0.72

( 90 203.16 + 37 513.57 + 85.6 0.40 \
120 276.67 +29.9 1009.48 + 71.3 0.27

\ 150 69.83 + 17.5 355.24 + 85.1 0.20 )
180 24.46 + 10.2 121.48 + 70 0.20
210 1793 + 2.6 14 + 5.7 1.28

Data are means + standard deviations. DAF, days after flowering

¢ Measurement conducted using gas chromatography analysis.
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Table 7 Cafestol and Kahweol content in perisperm tissue during C. canephora fruit

development.
Development of Fruit Cafestol (mg/100g) ¢ Kahweol (mg/100g) ¢ Cafestol/Kahweol
perisperm tissues (DAF) Ratio
30 198.63 + 24.2 0.085 + 0.002 2,336.82
60 207.39 + 10.5 0.258 + 0.322 803.84
( 90 22752 + 37 1.255 + 0.512 181.29\
120 1,758.24 + 20.9 9.081 + 2.032 193.62
\ 150 1,193.32 + 16.5 6.236 + 8.10 191.36)
180 560.66 + 10.2 1.003 £ 1.250 558.98
210 369.36 + 2.6 0.003 + 0.036 1,231.20

Data are means + standard deviations. DAF, days after flowering

¢ Measurement conducted using gas chromatography analysis.

Table 8 Cafestol and Kahweol ratio in perisperm tissue during C. Arabica and C. canephora

fruit development (DAF 120) in four different regions

Varieties Region

C. Arabica Khun Wang (Chiang Mai)
Wawi (Chiang Rai)
Phutubberk (Petchabun)
Khao koh (Petchabun)
Muser (Tak)

C. canephora

Sawi (Chumporn)

Than to (Yala)

Cafestol
(mg/100g) °
272.55 £ 29.9

413.88 + 30.9
97.90 = 12.36
674.78 £ 25.6
943.75 + 12.8
227.52 + 37

406.27 £ 15.2

Kahweol
(mg/100g) °
1009.48 + 71.3

985.43 + 20.3
890.01 + 25
758.18 + 30.5
699.08 + 12.5
1.255 + 0.512

2.081 £ 0.122

Cafestol/Kahweol

Ratio

0.27

0.42

0.11

0.89

1.35

181.29

195.23

Data are means + standard deviations. DAF, days after flowering

4 Measurement conducted using gas chromatography analysis.
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Table 9 Summarize of total diterpenes and their main volatile compounds in raw coffee beans

related to species and cultivars, geographical origins from gas chromatography flavor analysis

from over 200 samples of Thai green beans collecting during 2018 — 2019.

criteria Species Geographical origins (C. Arabica)
Arabica Robusta Lower High Rainfall
temperatures temperatures (1,500 to 2,500 mm)
(Tavg =18 C) (Tavg =26 Q)
Volatile Furaneol Methylpyrazine Ethanal Butanediol O-valerolactone
compounds | Sotolon Methylbutanal Butanone
Ethylguiacol Methylfuran
Akylpyrrole
Cafestol 312.15 £ 20.9 21712 + 17 383.88 £ 309 9790 + 12.36 574.78 = 25.6
Kahweol 809.48 + 11.3 1.25 +0.512 985.43 + 10.3 233.09 + 25 718.47 + 25
C/K Ratio 0.39 173.70 0.39 0.42 0.80

Table 10 Organoleptic analysis (using SCA score of 10) of different diterpene contents criteria

following of pre-harvesting factors (Species and Geographical origins) from over 200 samples of

Thai green beans collecting during 2018 - 2019.

criteria

Odor
Body
Bitterness
Acidity
Sweetness
SCA
Cupping

score

Species Geographical origins (C. Arabica)
Arabica  Robusta Lower High Rainfall
temperatures temperatures (1,500 to 2,500 mm)
(Tavg = 16.4 Q) (Tavg = 25.6)
8 7 8.5 7.5 8
8 7.5 8 7 8
7.5 7 8.5 8 7.5
7 8 9 7 7
7 7.5 8.5 7 6.5
84.5 78.5 87.5 72.5 74.5
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Figure 5 Effect of different drying method on Cafestol and Kahweol content in perisperm tissue
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Storage type Cafestol (C) Kahweol (K) Ratio (C/K) Total Oil content

(%)
Control 1.20 15.05 0.08 6.37
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HDPE 2.26 9.54 0.24 11.95
PP 1.83 10.17 0.18 9.69
PP-seal 1.48 8.57 0.17 7.83
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