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ABSTRACT

Globally, coffee quality is a determining factor in the prices
of coffee; hence the production of high quality coffee is the
primary goal of every coffee growing country. This study
unveils the raw and sensory quality of coffee produced in
Jazan, which is the leading coffee growing region in the
Kingdom of Saudi Arabia. 43 naturally processed coffee
samples were collected from randomly sampled coffee
farmers and subjected to green bean size evaluation using
standard coffee grading sieves followed by sensory
assessment using the Specialty Coffee Association
protocol. The sampled coffee produced green bean sizes

fitting within the spectrum of Arabica with the most
prevalent being sieve number 16 (6.35mm) with an
average retention of 21 percent. On average 88 percent of
the coffee was retained on sieves 14 to 20 representing the
exportable sizes for many countries. The sensory
evaluation revealed that 77 percent of the coffee samples
attained specialty grade (80 points and above), with the
highest scoring 86 points (excellent score) and the lowest
75 points. Two percent of the coffees were of excellent
quality (285 points), 75 percent fell within the “very good”
sensory class (80 — 85 points), and 23 percent did not meet
the specialty class. These results indicate that with
improved agronomic and processing practices, Jazan
region of the Kingdom of Saudi Arabia has the potential to
produce outstanding coffees (90 to 100 points).
Keywords: Arabica coffee, Raw bean size, cup quality;
natural processing

1. INTRODUCTION

Coffee beans are the seeds of a perennial evergreen
tropical plant belonging to the family Rubiaceae and genus
Coffea (Davis et al., 2011). Following the recent discovery
of six more coffee species in the Northern part of
Madagascar, there are currently 130 species of the genus
Coffea in the world (Davis and Rakotonasolo, 2021).
However, out of this rich diversity, only two species, Coffea
arabica L. and C. canephora Pierre are of global economic
importance (Mishra, 2019). Coffee is one of the most



widely consumed beverages globally. According to
International Coffee Organization (ICO), around 166.63
million 60-kilogram bags of coffee were consumed
worldwide in 2020/2021 which was a slight increase from
164 million bags that were consumed in the previous year
(ICO, 2021). On the other hand, global coffee production
reached 175.35 million 60-kilogram bags in 2020/2021,
increasing from about 163.7 million 60-kilogram bags in
2019/2020 (Shahbandeh, 2022). Coffea arabica L. is grown
in 85 percent of the coffee-producing countries (Bicho et
al., 2013) and it predominates the world coffee trade
contributing about 67 percent of the total trade volumes.
Coffea arabica is the species currently under production in
the Kingdom of Saudi Arabia.

Written historical literature indicates that Arabica coffee
(Coffea arabica) plants were introduced to Yemen before
the 15% century when they were first cultivated and used
by Yemen’s Sufi monasteries (Tuchscherer, 2003). Coffee
cultivation in the Kingdom of Saudi Arabia dates more than
200 years ago and has continued to be a very popular
traditional drink in the country (Proctor and Al Kinani,
2020). Coffee consumption spread quickly through the
Arabian Peninsula reaching Makah in the late 15™ century.
Despite being a net coffee importer, the Kingdom of Saudi
Arabia is also a coffee producer in the mountainous regions
of Jazan, Asir and Al Baha, in the South Western region of
the Kingdom (Sayed et al, 2019). In the last twenty
decades, families in this region have farmed coffee with
knowledge in its cultivation and processing being passed
on from one generation to another. Coffee yields in the
range of three to five and a half tonnes per hectare have
been reported in the region among farmers in the Faifa
Mountains who grow coffee at a high density and under
high-frequency irrigation, with or without the application
of inorganic fertilizers (Sayed et al., 2019). In fact, many
farmers in the region have mainly achieved commendable
coffee yields from the use of goat manure and stone
mulching without the application of inorganic fertilisers,
pesticides or herbicides (Al-Turki, 2002). This corroborates
the great potential of the Kingdom of Saudi Arabia to
expand coffee cultivation to meet the growing local
demand as revealed by Al-Abdulkader et al., (2018).

Coffee consumption in the Kingdom of Saudi Arabia serves
as a symbol of the country’s deep-rooted culture (Khalid et
al., 2020). The coffee is traditionally brewed from finely
ground light-golden roasted coffee beans and served hot
with saffron, cinnamon, cardamom, ginger or cloves (Al-
Aali and Ayoub, 2015), depending on consumer
preference. The hot coffee is served as a welcome gesture
in homes and other social gatherings before the tea is
served, and is usually accompanied by dates and sweets
(Al-Othman et al., 2012). According to the International
Coffee Organization (ICO), coffee consumption in Saudi
Arabia has had an upward trend of 85 802, 87 540, and
91 620 metric tons in 2017, 2018 and 2019, respectively
(ICO, 2020).

Internationally, coffee is marketed based on its quality,
described as green bean characteristics and beverage
quality. Coffee producing countries have developed
country-specific classification systems and vocabulary for
describing coffee quality (ICO, 2013). The Speciality Coffee
Association (SCA) developed the Q-Coffee system for
grading coffee that is recognised internationally. The
intrinsic quality of coffee is determined mainly by the
growing conditions as well as the pre- and post-harvest
practices (Belay et al., 2016). This study sought to unveil
the green bean physical characteristics and cup quality of
the coffee grown and processed by farmers in Jazan region
of Saudi Arabia whose quality profiles had not been
analysed prior to this study.

The study was carried out in Jazan coffee growing region in
the South West of Saudi Arabia lying 17-23° N, 42-43° E
(Figure 1). The region has six governorates which have
relatively better conditions for coffee production namely
Al Dayer, Al Faifa, El Edabi, Al Reith, Al Aridhah and Harub.
The climate in the region is highly moderated by proximity
to the Red sea and the mountainous range, thus, the
weather is more sub-tropical than desert (Vincent, 2008).
Jazan is characterized by maximum temperature ranges
between 37.9° C and 19.7° C while the minimum
temperatures are between 21.6° C and 29.6° C with a
diurnal range of 8.8° C (FAOKSA, 2021). The region has a
long rainy period from July to December receiving a total
of 153.5mm. June being the driest month (1.0mm) and
August being the wettest month (28.4 mm). The soils are
described as sandy loams and alkaline in nature with a pH
of 7.5-8.0 (Tounekti et al., 2017).

Al Dayer and Al Faifa governorates in the Jazan coffee
growing region were purposively selected for this study
based on the fact that they are the main coffee growing
areas in the region. The sampling was done in December
2021 which coincides with the main coffee picking season
in the area. The samples were collected from 43 randomly
selected coffee farms representing the other coffee
farmers in the two areas. All the samples were of Arabica
coffee and had been processed by the dry method,
commonly known as natural processing. Approximately
one kilogram of dry coffee cherry was obtained from each
of the sampled coffee farms. The samples were packed in
impermeable odour-free bags to ensure the original
condition of the sample was maintained as much as
possible and transported to the laboratory for hulling and
subsequent grading.
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The dry coffee cherry samples were hulled using a sample
huller (Coffee Direct PRO) to obtain the coffee outturn
(OT), which is the quantity of clean coffee obtained from a
known quantity of dry coffee after removal of the husk,
and it is usually expressed as a percentage. The moisture
content (MC) of the green coffee beans was then
determined using a calibrated SINAR AP 6060 coffee
moisture analyser. The weight of 100 green coffee beans
was obtained from random sub-samples of each sample
and weighed to the nearest 0.1 g. The green bean sizes
were then determined using a set of sieves with round
apertures in accordance with ISO 4150 standard (ISO,
2011). Nine standard sieves, 12 to 20, were assembled in
descending order based on the aperture size. Sieving was
done manually through uniform agitation of the nest of
sieves for three minutes. The beans retained on each sieve
were weighed to the nearest 0.1 g. The proportion of the
bean sizes was determined by taking the weight of green
coffee (WGC) retained in each sieve and expressing it as a
percentage of the total weight of the green bean sample.
All the variable measurements were repeated three times
and the raw data was subjected to analysis of variance as
well as descriptive analysis where possible.

The protocol developed by the Specialty Coffee Association
(SCA) was adopted and applied for the cup quality analysis
(Lingle, 2001). The green coffee was roasted to attain a
medium roast using a laboratory coffee roaster (IKAWA
PRO100) within 24 hours after hulling and allowed to rest
for at least eight hours. The roasted samples were weighed
out as whole beans to a predetermined weight of 8.25 g
per 150 ml cup and ground individually directly into the cup
(five cups per individual sample). First, the ground samples
were sniffed dry from the cups to assess the fragrance after
which they were infused with clean and odour-free hot
water (93°C) within less than 15 minutes after grinding. The
water was poured gently into the cup and topped to the
rim of the cup, making sure to wet all of the grounds. The
coffee was left to steep undisturbed for three to four
minutes before evaluation. The crust was broken by
stirring gently while sniffing to assess the aroma. The
samples were further assessed for flavour, aftertaste,
acidity, body, balance, clean cup, uniformity, sweetness
and the overall score. The evaluation was conducted by a
panel of three sensory judges certified as Q-graders by the
Coffee Quality Institute (CQl) of America.

The raw bean quality and sensory data were subjected to
descriptive analysis to illustrate the performance of the
sampled coffee for comparison with the known and the
results were presented in graphs, charts and tables.
Pearson correlation was also conducted to determine the
relationship between the coffee bean's physical
characteristics and the cup quality using XLSTAT version
2022.

The percentage coffee outturn ranged from 15 to 54
percent with an average of 39 portraying high milling losses
of 85 to 46 percent. The coffee samples also revealed a
high variation in the average weight of 100 beans, ranging
from 7.1 to 17.7 g, with a mean of 11.4 g. The moisture
content ranged from 9.0 to 15.5 percent with an average
of 12.2 percent. The proportion of green bean sizes as
determined by the standard set of 10 sieves of different
aperture sizes was also highly variable across the sampled
coffee as shown in Figure 2. The most prevalent was sieve
number 16 (6.35 mm) with an average retention of 21
percent. On average 88 percent of the coffee was retained
on sieves 14 to 20 representing the exportable sizes for
Arabica coffee in many producing countries.
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Figure 2: Distribution of green coffee bean sizes in the
sampled coffee

3.2 Coffee Cup quality analysis

Results of the total sensory score are shown in Figure 3.
The differences detected in the individual sensory
parameters contributed to the discriminative cumulative
score (total sensory score) which gave a better reflection
of the broad sensory quality performance of the coffee
samples. None of the samples was classified in the
outstanding class of 290 points. Only one sample
representing two percent of the sampled coffee achieved
an excellent (=85 points) score of 86 points while 75
percent of the samples were classified as very good (80.0
to 84.99). Therefore, 77 percent of the samples were in the
specialty class (280 points) while the remaining 23 percent
scored between 76 to 79 points and were therefore
classified as good hence did not achieve the specialty class.
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Figure 3: Total sensory score of the sampled coffee.
Colours yellow, blue and orange represent the different
classifications as excellent, very good and good,
respectively.

All the 43 samples scored the maximum score of 10 points
for sweetness but produced variable scores for the other
sensory parameters namely, fragrance, flavour, aftertaste,
acidity, body, balance, clean cup, uniformity and overall
sensory perception. The sample with the highest sensory
performance, the average and the lowest of the sampled

coffee based on the SCA evaluation criteria are shown in
Figure 4. While the highest scoring coffee attained the
maximum possible scores in clean cup and uniformity (10)
the quality of the lowest scoring coffee was partially
lowered by being unclean and non-uniform.

—@—Highest —@—Lowest —@=—Average

Fragrance
11.00
Clean cup g g Flavour
.

Uniformity /¢

Sweetness

Overall Body
Balance

Figure 4: Radar chart illustrating the highest sensory
performance, the average and the lowest of the sampled
coffee based on the SCA evaluation criteria.

3.2 Correlation between the sensory and green bean
physical characteristics

The cup quality characteristics of fragrance/aroma,
flavour, aftertaste, acidity, body, balance and overall were
positively and significantly correlated among themselves
(Table 1). Positive significant correlations were observed
between the coffee outturn and the weight of 100 beans,
which was also positively and significantly correlated
aftertaste, body and overall quality characteristics.
Positive significant correlations were also observed
between coffee outturn and fragrance and balance.

Table 1: Correlation between the raw bean and
sensory quality of the sampled coffee

Variabl oT Fragran Flavo Afterta Acidi Bod Balan Over
es ce ur ste ty y ce all
0.5

HBW 5 0.30 0.27 0.31 020 033 0.27 0.37
ot 0.32 0.26 017 008 022 0.34 0.29
Fragran

ce 0.73 0.63 051 056 0.54 0.68
Flavour 0.84 0.70  0.65 0.69 0.83
Aftertas

te 0.65 0.69 0.74 0.80
Acidity 0.61 0.70 0.72
Body 0.77 0.73
Balance 0.75

Key: Values in bold are different from 0 at P=0.05. OT —
Outturn; HBW — Weight of 100 Beans.

4. DISCUSSION

This study targeted to unveil the quality of coffee that is
currently being cultivated and processed under farmer’s



practices, in the Kingdom of Saudi Arabia. This was a
preliminary strategy to understand the necessary areas of
intervention for coffee quality improvement in the
Kingdom hence the tested samples were picked randomly
from diverse farmers. Though there are no established
standards for deciding the conversion ratio from fruit to
clean coffee the International Coffee Organization agrees
to a conversion of dried cherry to green bean of 0.5 percent
which is equivalent to an outturn of 50 percent. (ITC,
2012). Factors such as environment, genotype, health of
the tree and degree of maturity have been reported to
affect the outturn (Fialho et al. 2020, Gichimu et al. 2012).
The wide range observed in the percentage of coffee
outturns (15 - 54) of the sampled coffee could be an
indication of the diversity of the farm management
practices by the farmers hence practices promoting higher
outturns should be promoted as this has economic
importance.

Managing the moisture content of a coffee bean is of
paramount importance in ensuring the ultimate cup
quality of the coffee. 40 percent of the analysed samples
were found to have a moisture content above 12.5 percent
which was higher than the recommended range of 8.0 -
12.5 percent in marketable green coffee beans (ICO, 2004).
High moisture content may enhance the growth of moulds
which not only affects the flavour of coffee but may also
introduce mycotoxin contamination (Velmourougane and
Bhat, 2009). On the other hand, over-drying would
translate to loss of income since moisture content in green
coffee contributes to the ultimate weight at the time of
sale. In addition, over-dried coffee also breaks up more
easily during hulling which increases the percentage of
broken beans, which further reduces both the quality and
the value of the coffee (Wintgens, 2004). Though there is
no exact standard for ideal moisture content, 11 percent is
proposed as a good target for most coffee (ITC, 2012).

Although the analysed coffee samples revealed a high
variation in the average weight of 100 beans, the data
obtained showed that the coffee currently being produced
in the sampled area compares well with Arabica coffee
from other countries (Bertrand et al., 2005; Tran et al.,
2017; Cheserek et al.,, 2020; Malau 2018). This is an
important observation considering that the weight of
green coffee is a key factor in determining the coffee
income majorly in the international market alongside other
determinants like the bean size and the cup quality
(Wintgens, 2004; Belete, 2014). In addition, the coffee
bean size distribution compared well with the green bean
sizes typical of Arabica coffee as reported from other
origins (Wintgens, 2004). Coffee bean size is partly
determined genetically (Cheserek et al., 2020) and also
influenced by environmental conditions and agronomic
conditions including plant nutrition, pest and disease
control, pruning and weed management (Wintgens, 2004
Sakai et al., 2013). Considering that these bean sizes were
achieved under farmers’ practices with minimal advisory
services, it is evident that the coffee trees in the sampled

area have even greater potential to produce higher
premium coffee grades. Therefore, there is need to upscale
farmer advisory services in the area and avail easier access
of the key production resources, mainly irrigation water
and inputs.

The sensory evaluation placed the sampled coffee on the
specialty coffee map which further unveiled the
unexploited potential of the coffee sector in the Kingdom
of Saudi Arabia. The specialty coffee niche offers an
opportunity for producers to differentiate and accrue
higher income in the liberalised coffee sector. Poltronieri
and Rossi (2016) presented a possible increase of income
for producers by assuring high standards of coffee quality.
The significant positive correlation that was observed
between the raw bean quality (mainly coffee bean outturn
and bean weight) and most of the cup quality
characteristics was a clear indication that production of
coffee of high raw bean quality would directly result in high
cup quality. Similar observation was made by researchers
Cheserek et al. (2020) and Gichimu et al. (2012). This
intervention would guarantee the farmer better returns
from both increased yields and premium prices attracted
by high quality coffee and hence underscores the need for
the adoption of appropriate agronomic practices among
the coffee farmers. The significant positive correlation that
was observed between different cup quality parameters
indicates that the cup quality characteristics are
interrelated and confirms the possibility of improving the
cup quality through a holistic approach.

This study established that the coffee produced in Jazan
region in the Kingdom of Saudi Arabia fits in the spectrum
of Arabica coffee in terms of bean sizes. On the other hand,
the sensory evaluation placed the sampled coffee in the
specialty coffee map. This is a clear indication that Jazan
region, and by extension, the Kingdom of Saudi Arabia has
a great untapped potential to produce outstanding quality
coffee for both local and international markets. This can be
achieved through the adoption of good agronomic and
processing practices by the farmers, hence there is a need
for upscaling the extension services for coffee farming in
the Kingdom of Saudi Arabia.

This study was sponsored by the Food and Agricultural
Organization of the United Nations (FAO) through the
Sustainable Rural Agriculture Development (SRAD)
Programme. The Ministry of Environment, Water and
Agriculture (MoEWA) in Jazan offered technical support
during sample collection. The authors are also grateful to
Jazan University, Alam Almagahi Company and Camel Step
Company who played an instrumental role during the
sample preparation and analysis. The 43 coffee farmers in
Al Dayer and Al Faifa governorates in Jazan region, who
freely and gladly provided the coffee samples, are highly
recognized.



REFERENCES

Al-Aali, A. and Ayoub, S. (2015). A Saudi Female Entrepreneur Innovates Arabian
Coffee. Journal of Competitiveness Studies. 23. 90-102.
https.//www.researchgate.net/publication/298808629 _

Al-Abdulkader AM, Al-Namazi AA, AlTurki TA, Al-Khuraish MM, Al-Dakhil Al. (2018).
Optimizing coffee cultivation and its impact on economic growth and
export earnings of the producing countries: The case of Saudi Arabia.
Saudi J. Biol Sci. 2018

Al-Othman A, Al-Musharaf S, Al-Daghri NM, Yakout S, Alkharfy KM, Al-Saleh Y, Al-
Attas OS, Alokail MS, Moharram O, Sabico S, Kumar S, Chrousos GP.
(2012). Tea and coffee consumption in relation to vitamin D and calcium
levels in Saudi adolescents. Nutr J. 2012 Aug 20; 11:56. doi:
10.1186/1475-2891-11-56. PMID: 22905922; PMCID: PMC3478213.

Al-Turki, T.A. (2002). An Initiative in Exploration and Management of Plant Genetic
Diversity in Saudi Arabia. In: Engels, J.M., Rao, V.R., Brown, A.H. and
Jackson, M.T., Eds., Managing Plant Genetic Diversity, CABI International,
Wallingford 339-349. https://doi.org/10.1079/9780851995229.0339

Belay S., Mideksa D., Gebrezgiabher S., and Seifu W. (2016). Factors affecting
coffee (Coffea arabica |.) Quality in Ethiopia: A review. Journal of
Multidisciplinary Scientific Research, 4(1):22-28

Bertrand Benoit, Etienne Hervé, Cilas Christian, Charrier André, Baradat Philippe.
(2005). Coffea arabica hybrid performance for yield, fertility and bean
weight. Euphytica, 141 (3):255-262.

Belete Y., (2014). Performance evaluations of hundred beans weights of
indigenous Arabica coffee genotypes across different environments. Sky
Journal of Agricultural Research, 3(7), 120 — 127.

Bicho N. C., Lidon F.C., Ramalho J. C. & Leitd A. E. (2013). Quality assessment of
Arabica and Robusta green and roasted coffees - A review. Emir. J. Food
Agric., 25 (12):945-950.

Cheserek J.J., Ngugi K., Muthomi J.W. and Omondi C.O. (2020). Assessment of
Arabusta coffee hybrids [Coffea arabica L. X Tetraploid Robusta (Coffea
canephora) for green bean physical properties and cup quality. African
Journal of Food Science, 14(5): 119-127.

Davis AP, Rakotonasolo F (2021) Six new species of coffee (Coffea) from Northern
Madagascar. Kew Bull 76: 497-511. https://doi.org/10.1007/s12225-021-

09952-5

Davis AP, Tosh J, Ruch N, Fay MF (2011) Growing coffee: Psilanthus (Rubiaceae)
subsumed on the basis of molecular and morphological data:
implications for the size, morphology, distribution and evolutionary
history of Coffea. BotJ Linn Soc 167:357-377.

FAO (2021). Comprehensive review of the coffee sector in the Kingdom of Saudi
Arabia. FAOKSA, Riyadh

Fialho, G., Fonseca, A., FerrdaoM., Ferrdo R., Olivoto, T., Nardino, M., Reis E. and
Sakiyama, N. (2020). Conilon coffee outturn index: a precise alternative
for estimating grain yield. Acta Scientiarum Agronomy. 44. e54249.
10.4025/actasciagron. v44i1.54249.

Gichimu B.M., Gichuru E.K., Mamati G.E. and Nyende A.B. (2012). Selection within
Coffea arabica cv. Ruiru 11 for high cup quality. African Journal of Food
Science, 6(18): 456-464

1CO 2021 World coffee consumption (Data as at May 2021). [Cited February 15,
2022), https://ico.org/prices/new-consumption-table.pdf

1CO 2020. World coffee consumption. International Coffee Organization London,
https://www.ico.org/prices/new-consumption-table.pdf
https://www.ico.org/prices/new-consumption-table.pdf
https://www.ico.org/prices/new-consumption-table.pdf

1CO, 2013. National quality standards. http://www.ico.org/documents/cy2012-

13/pm-29e-quality-standards.pdf

ICO 2004. International coffee Council (ICC) Resolution number 420. Coffee
Quality-Improvement Programme. [Cited February 15, 2022).
www.ico.org/documents/iccres420e.pdf.

1SO. 2011. International Organization for Standardization 4150:2011. Green coffee
or raw coffee- Size analysis. Manual and machine sieving
ITC (2012), International Trade Centre, Coffee: An Exporters Guide, Product and
Market development http://www.intracen.org
Khalid M. AL-Asmari, Isam M. Abu Zeid, Atef M. Al-Attar (2020). Coffee Arabica in
Saudi Arabia: An Overview. International Journal of Pharmaceutical and
Phyto-pharmacological Research, 10(4):71-78.

Lingle, T. R (2001). The Cuppers Handbook. Systematic Guide to the Sensory
Evaluation of Coffee’s Flavour, Third edition.

Malau S., P. Lumbanraja, S. Pandiangan, J.R. Tarigan & F. Tindaon (2018).
Performance of Coffea arabica L. in changing climate of North Sumatra of
Indonesia. Scientia agriculturae bohemica, 49 (4): 340-349.

Mishra, M.K. (2019). Genetic Resources and Breeding of Coffee (Coffea spp.). In: Al-
Khayri, J., Jain, S., Johnson, D. (eds) Advances in Plant Breeding
Strategies: Nut and Beverage Crops. Springer, Cham.
https://doi.org/10.1007/978-3-030-23112-5_12

Poltronieri P. and Franca Rossi F (2016). Review Challenges in Specialty Coffee
Processing and Quality Assurance. Challenges 7:9.

Proctor, R.A and Al-Kinani M., 2020. The case for protecting Saudi Arabia’s ancient
art of Khawlani coffee production. Arab News 18 January 2020.
https://arab.news/gerqgn

Sakai E., Barbosa E.A.A., Silveira JMC. and Pires R.C.M (2013). Coffea arabica (CV
Catuai) production and bean size under different population
arrangements and soil water availability, Eng. Agric., Jaboticabal, 33
(1):145-156.

Sayed OH, Masrahi YS, Remesh M, Al-Ammari BC (2019). Coffee production in
southern Saudi Arabian highlands: Current status and water
conservation. SaudiJournal of Biological Sciences, 26: 1911-1914.

Shahbandeh M (2022). Coffee market: worldwide production 2003/04-2020/21.
https://www.statista.com/statistics/263311. Last accessed: 15t May,
2022.

Tuchscherer M (2003). Coffee in the red sea area from the sixteenth to the
nineteenth century. In Clarence Smith W. and Topik S. ed. The global
coffee economy in East Africa Asia, and Latin America, 1500-1989
Cambridge University Press.: 50-66

Tounekti, T., Mahdhi, M., Al-Turki, T.A. and Khemira, H. 2017. Genetic Diversity
Analysis of Coffee Coffea arabica L.) Germplasm Accessions Growing in
the Southwestern Saudi Arabia Using Quantitative Traits. Natural
Resources, 8, 321-336

Tran, H.T.M., Vargas, C.A.C., Slade Lee, L. et al., (2017). Variation in bean
morphology and biochemical composition measured in different genetic
groups of arabica coffee (Coffea arabica L.). Tree Genetics &

Genomes 13:54.

Velmourougane, K. and Bhat, R. (2009). Improvement of coffee quality through
prevention of moulds. Frontiers in Fungal Ecology, Diversity and
Metabolites. 204-220.

Vincent, P. (2008). Saudi Arabia: An environmental overview. (pp67-84). Taylor &
Francis, United Kingdom

Wintgens, J.N (2004). The coffee plant. InJ. N. Wintgens, V.C.H. Wiley, GmbH.
Verlag and Co., KGaA (Eds). Coffee: growing, processing, sustainable
production. (pp. 3-24). Weinheim, Germany.



Sustainable Rural Agricultural Development Programme (SRAD) - UTF/SAU/051/S

Contact information:

FAO Representation in Saudi Arabia

c/o 4th Floor, Ministry of Environment, Water and
Agriculture, King Abdulaziz Road,

Riyadh 11421, Kingdom of Saudi Arabia
FAOSaudiArabia@fao.org

©FAO, 2022

CC1907EN/1/10.22



