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Abstract


Coffee production is one of the main sources of income for products from Peru’s inter-Andean valleys. However, the rugged geographical conditions offer few growing areas with different altitudes, which could lead to variations in the quality of the beans and, consequently, of the coffee in the cup. This study aimed to evaluate the effect of altitudinal gradients on the exportable yield, and physical and cup quality of the Typica and Catimor varieties produced in the Inkawasi inter-Andean valley of Cusco, Peru. Coffee beans produced at altitudes of 1600, 1800, and 2100 m were considered, and the physical quality of parchment and green coffee was evaluated using Peruvian Technical Standards and the SCAA guidelines. Similarly, the sensory attributes of the coffee in the cup were assessed according to criteria established by the SCAA by five certified tasters. It was observed that increasing altitude considerably reduces pest attack and damage in both varieties and increases secondary damage, shrinkage, and exportable yield, which ranged from 79.12 to 81.98%. Sensory attributes ranged from “Very Good” to “Extraordinary”, allowing the Specialty Grade (>80 points) to be achieved according to SCAA standards. The PCA revealed that the Typica variety has superior sensory qualities that improve with altitude. The coffee produced in the Inkawasi valleys is well received on the international market, especially that grown above 1800 m. Its sustainable cultivation could improve the socioeconomic conditions of its inhabitants.
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1. Introduction


In the global coffee market, the primary factor determining a customer’s purchasing decision is bean quality, associated with cup quality, for example, aroma, flavor, body, acidity, and consistency. Quality is determined by the set of physical and organoleptic characteristics that motivate a buyer to pay a differentiated price for the product, which represents better income and profitability for the farmer [1,2]. Non-compliance with coffee quality requirements affects not only coffee growers in terms of income but also the coffee production chain [3,4,5].



Peru has diverse ecological zones with varied climates that allow the cultivation of products throughout the year, in comparison to other latitudes in the world. This geographical characteristic gives Peru the advantage of being able to offer the international market fresh and organic coffee between the months of April and August, a time when coffee beans from Central America and Mexico are scarce [6,7,8]. Peru produces coffee of the Typica (60%), Caturra (15–20%), Catimor (10–15%), and Bourbon (5–8%) varieties in 32 microclimates between 900 and 2000 m altitude, occupying ninth place in terms of world production (220,000 tons in 2024) and being the second largest exporter of organic coffee, showing an increase of approximately 19% during the last 5 years [8,9].



Coffee is the first agro-exportable product, involving more than one million Peruvians who live directly and indirectly from the coffee activity, providing economic support to a significant number of families who are responsible for its cultivation, harvesting, transportation, primary processing, industrialization, and marketing, thus promoting rural employment and local and regional development [5,9,10,11,12].



The inhabitants of the Inkawasi district of Cusco, Peru, have increased their coffee production over the past 10 years, making it one of their main economic activities for family sustenance. This district has a favorable climate and conditions for the production of specialty coffees. Its geographical characteristics of very rugged terrain with steep slopes, ranging from 1600 to 2500 m of altitude, do not allow the implementation of mechanized technologies in coffee production, in addition to having reduced areas for the cultivation of specialty coffees. This non-massified cultivation produces coffee with unique flavor, aroma, acidity, body, and consistency, along with organic production. This allows exporting companies to engage in direct trade with farmers or their associations, establishing long-term contracts and offering higher prices than those of the local market. However, their products are often rejected due to quality variability caused by different cultivation gradients.



On the other hand, producers in the inter-Andean valleys of Peru have formed parchment and green coffee cooperatives because their products are in high demand and meet the requirements of the international and exportable markets. However, there are still challenges to overcome, such as crop conditions and pest management, that directly affect the quality of the beans and cup.



One of the pests that causes significant economic and product losses is coffee rust (Hemileia vastatrix). Therefore, farmers have opted to replace their traditional coffee plantations with varieties more resistant to this disease. However, another problem with these varieties is that their cup profiles tend to be of lower quality compared to non-resistant varieties. Given this, cultivation has been tested in places with altitudes greater than 1800 m, where this pest has less effect; although production yield and size decrease, its sensory aspects are advantageous.



Therefore, a physical and sensory evaluation was carried out on two coffee varieties, one resistant to rust (Typica variety) and one not resistant to rust (Catimor variety), which were grown at different altitudes. For the sensory evaluation, expert coffee tasters were selected according to the SCAA’s methodology. These results will enable coffee producers to cultivate land at an optimal altitude and increase their exportable coffee yield.




2. Materials and Methods


2.1. Raw Materials and Crop Field Characteristics


The parchment coffee of the Typica and Catimor varieties was supplied by the San Fernando Cooperative, located in the Inkawasi district, Cusco, Peru. The beans were grown and harvested at 1600, 1800, and 2100 m altitude, on lands with coordinates 13°15′15″ S–73°18′47″ W, 13°15′03″ S–73°17′47″ W, and 13°14′30″ S–73°17′48″ W, respectively (Figure 1), in the period 2022–2023. The Typica variety cultivated at 1600, 1800, and 2100 m altitude was coded as T1600, T1800, and T2100, respectively, and Catimor was coded as C1600, C1800, and C2100.



The Inkawasi district is situated in an inter-Andean valley in Peru, characterized by temperatures ranging from 8 to 35 °C, relative humidity between 60% and 80%, annual rainfall between 600 and 800 mm, and a Köppen Cwb classification. The area is rugged and hilly, with steep slopes, and cultivation areas where intensive technology cannot be applied, where traditional, ancestral hand cultivation prevails. The croplands have loam and loam/clay/sand soil characteristics (Table 1).




2.2. Physical Quality of Parchment Coffee


The humidity was determined using a humidity meter (model G600i, Gehaka, São Paulo, SP, Brazil). First, 350 g of parchment coffee was taken, the husk was removed to obtain the green coffee, then it was sieved through meshes from 0 to 20, and the weights retained in each mesh were noted. The observable defects of green coffee that exceeded mesh No. 14 were identified using criteria of the Peruvian technical standards NTP 209.310.2019 [13], while those less than or equal to mesh No. 12 were discarded. Primary defects (full black, full sour, dried cherry, fungus damage, foreign matter, severely berry borer) and secondary defects (partial black, partial sour, parchment, floating/bleached, immature bean, withered bean, shell, broken/chipped/cut, husk, and slight berry borer) were considered.




2.3. Exportable Yield Determination


The exportable yield is an important indicator of the quality and efficiency of the production process, revealing the profitability and commercial competitiveness of a coffee in the international market. Values > 80% indicate excellent yield (very good processing and selection of the coffee); between 75 and 79% indicates good yield (exportable without problems); between 70 and 74% is considered acceptable, with losses (possible defects or bad processing); and <70% indicates low yield, possible bad selection, and the presence of many defects [14]. The exportable yield was determined according to Equation (1).


  E Y = 100 − p a r c h m e n t   c o f f e e   h u s k s     %   − D i s c a r d     %   − d e f e c t s   ( % )  



(1)








2.4. Preparation of Coffee in Cup


Gold coffee beans were roasted one day before cupping. First, 100 g was taken, retained in 14 and 18 mesh, and roasted at 185 °C for an interval of 10 min in a drum roaster. The samples were then cooled at room temperature, continuously stirred, and subsequently packed in HDPE bags and stored for 8 h before cupping [13,15].



In 200 mL glass beakers, 11 g of roasted coffee was placed and ground. They were then covered to prevent the loss of volatile compounds and the room from becoming saturated with odors. The fragrance and aroma of the ground coffee were then tasted immediately afterward. The maximum tasting time was no more than 15 min. The tests were performed in triplicate.




2.5. Preparation of Drinkable Coffee


Potable water (pH 7.8, hardness 120 ppm, turbidity 0.0 NTU, conductivity 80 µS/cm, residual chlorine 0.0 ppm) was used and brought to a boil (approximately 85 °C). Then, 11 g of ground coffee was added in a coffee/water ratio of 1:5.5. The tasting was carried out for flavor, aftertaste, acidity, body, balance, clean cup, and sweetness [13].




2.6. Coffee Cupping


This was carried out by a panel of five cuppers in triplicate, trained in the Quality Control Laboratory of San Fernando Agrarian Coffee Cooperative Ltd., Inkawasi, Cusco, Peru. The methodology developed by the Specialty Coffee Association of America was followed [13,15].




2.7. Statistical Data Processing


Data were collected in triplicate and represented with descriptive statistics. The normal distribution of the data was verified using the Shapiro–Wilk test (0.7874) with 5% significance. One-factor ANOVA and Tukey’s test were applied. Multivariate PCA and Pearson’s correlation (with hypothesis testing using Student’s t-test) at 5% significance were also applied. Excel spreadsheets and OrginPro 2025 software were used.





3. Results and Discussion


3.1. Physical Properties of Parchment and Green Coffee


The moisture of coffee parchment was measured and found to range from 9.09 to 9.13% for the Typica variety and from 8.52 to 9.02% for Catimor, while for green coffee, values between 8.47 and 9.03% were reported (Table 2). These levels are below the standards set by the SCAA, which indicates a high risk of flavor and aroma loss due to the volatilization of aromatic compounds. Additionally, these levels can cause coffee to break easily during handling and transportation, and from a commercial perspective, they affect weight and reduce processing yield.



These low values are associated with climatic conditions, primarily relative humidity. Values below 60% significantly influence the loss of moisture in the coffee bean. Storage temperatures above 30 °C and humidity levels between 50 and 60% do not allow the bean to reach a moisture content above 10% [16,17,18]. However, high humidity levels above 12% make the bean susceptible to the presence of ochratoxins [19].



Regarding the shrinkage, measured as the amount of husk resulting after the threshing of parchment coffee, values ranging from 16.22 to 18.67% were observed, while defects were found between 0.63 and 1.84%, although they are lower than the reference values established in NTP 209.310:2019 [13], which is 18% for shrinkage and 5.5% for defects. The Catimor variety, which results from hybridization between Arabica and Robusta, showed higher values due to its thicker skin and increased resistance to pests, which may lead to a larger proportion of skin remaining after threshing [20]. Conversely, the discard, which considers beans smaller than 12 mesh, was higher for the Typica variety, although the values observed were less than 0.17%, indicating uniformity of the beans in both varieties.




3.2. Primary and Secondary Defects


In coffee production, altitude or gradient is a crucial factor influencing green bean quality and susceptibility to damage or defects. For primary defects, such as full black, full sour, dried cherry, and foreign matter, no evidence was observed for the two varieties at the three altitudinal levels (Figure 2a). However, the damage caused by fungus damage is evident at lower altitudes for both varieties. This is likely due to climatic conditions, such as higher relative humidity and ambient temperature [21].



Meanwhile, the presence of severely berry borer was greater at 1800 m altitude for both varieties and was present in the crops of the Catimor variety. This was due to agronomic management, including late harvest, presence of ripe/overripe fruits on the plant, and the loss of natural biological controllers, affecting the coffee beans in terms of lower weight, lower density, increased loss in threshing, decreased exportable yield, and so on. However, in the coffee cup, they produce earthy, bitter, or insect flavors, with loss of sweetness and acidity [21,22]. In other words, severe CBB damage occurs due to optimal conditions for its reproduction, such as low altitudes, high humidity, poor harvesting, and deficient management.



Regarding secondary damage, it can be observed that it increases slightly with altitude in both varieties (Figure 2b). Regarding beans with partial black and partial sour, it occurs more frequently in the Catimor variety and increases with higher altitude. This could be due to poor post-harvest handling, prolonged fermentation [23], harvesting of overripe or damaged fruits, and excess humidity during drying, generating phenolic, vinegary, moldy, and unbalanced acidity flavors in the coffee cup. This behavior is characteristic of the Catimor variety, due to its hybrid nature and its low adaptability to local conditions.



Immature beans are observed in both varieties and increase with altitude. Their presence is mainly due to premature harvesting, water stress, nutritional deficiencies (N, B, Zn), and excessive shading. This defect causes low green kernel density, an opaque color, and low sugar content, which can lead to a vegetal, astringent, and unpleasant taste in the cup, with little body and sweetness.



On the other hand, withered bean occurs mainly in the Typica variety, which can cause loss of body and flat flavor in the cup. This defect is mainly due to the lack of water during physiological growth.



The Catimor variety shows a greater presence of shells at higher altitudes, although Typica is present at 1600 m. This indicates that these beans are more susceptible to carbonization during coffee roasting, which would lead to poor aroma development and body in the cup. While broken, chipped, and cut beans are mainly due to mechanical breakage due to low density or inadequate threshing, it was the most frequent and major damage in the two varieties, which would cause irregular roasting of the coffee.




3.3. Bean Size


The size of green coffee beans in the studied varieties (Typica and Catimor) is influenced by several factors, such as altitude, agronomic practices, and physiological characteristics. These factors not only affect the physical characteristics of the beans but also their quality in the cup. It was observed that altitude has a considerable influence (Figure 2c), due to the thermal and climatic conditions of the environment, which would cause greater accumulation of secondary metabolites and cellular expansion of the endosperm [24]. Therefore, both varieties at lower altitudes have bean sizes larger than 14 mesh, with a classification between Europe and Supreme.



Likewise, the characteristics of the crop soils are crucial for the development of good-sized beans, so the high content of organic matter, phosphorus, and magnesium (Table 1) could contribute to this effect. However, agronomic practices such as nutrient dosage, micronutrients, pest control, and harvesting are critical for the production of healthy, strong, and good-sized crops, ensuring sensory quality, which contributes to export quality [25].




3.4. Exportable Performance


It was observed that the Typica variety exhibited a higher exportable performance (>81.15%), which decreased significantly with altitude, a trend also noted, albeit to a lesser extent, in Catimor (Table 3). Although the number of defects is lower with altitude for Tipica at 2100 and higher for Catimor, the grade of the green bean corresponds to 1, that is, less than 15 defects [14]. This result guarantees the highest international standards and the commercial quality of the green beans produced in the Inkawasi valleys. Although T1600 vs. C2100 would represent a significant economic impact on a commercial scale.



It has been observed that green coffee produced on a Colombian farmhouse achieved performance levels of around 94%, which makes a significant contribution to its GDP. However, Ecuador’s coffee exports faced challenges due to high production costs and low productivity, and coffee sales contributed only 0.7% of the national GDP [26,27,28]. In comparison to the results obtained in the present study, it is expected that although the yields are acceptable, they could be improved through the application of strategies such as training in marketing and the adequate use of financing to strengthen the production and export processes of coffee produced mainly in farms or small producers [29,30]. These criteria have been applied in countries such as Brazil and Mexico, which have considerably improved competitiveness in international coffee markets [24,31].




3.5. Sensory Quality of Coffee in the Cup


Sensory quality in the cup constitutes the second fundamental component in characterizing the exported coffee product, requiring consistency and distinctive organoleptic characteristics of the origin. This results from the relationship between botanical, geographic, climatic, and soil factors, not to mention agronomic practices, post-harvest processing, storage, transportation, roasting, and final preparation [32,33].



According to the SCAA [15], the coffee sensory attribute scores are classified as Good (6.00 to 6.75), Very Good (7.00 to 7.75), Excellent (8.00 to 8.75), and Extraordinary (9.00 to 10.00). The evaluated attributes reported scores between 7 and 10, ranging from Very Good to Extraordinary (Figure 3a). The attributes of sweetness, clean cup, and uniformity showed the highest scores for both varieties, meaning the coffee produced in Inkawasi would present natural sugars with no perceptible defects during the cupping replicas.



Fragrance/aroma, flavor, residual flavor, acidity, body, balance, and overall score attributes, showed scores of around 8 for the Tipica variety grown at 1800 and 2100 m (T1800 and T2100), suggesting that the cupped coffee from these beans presents clear and defined expression of these attributes, with well-integrated characteristics, perceptible complexity, and cleanliness. Likewise, the acidity is bright and harmonious, with a creamy and structured body, with an aroma and flavor of floral and fruity notes. While T1600 and Catimor (C1600, C1800, and C2100) showed moderate expression and a certain simplicity, nevertheless, this level meets the minimum standards of specialty coffee without outstanding differentiating characteristics.



The results suggest that coffee produced in the Inkawasi valleys can be considered a specialty coffee (Specialty Grade), since it obtained a final score greater than 80 points for both varieties (Figure 3b), and a maximum of five defects (between primary and secondary) (Table 3). However, these attributes improve with altitudes above 1500 m, due to agroecological factors and the presence of microclimates with colder temperatures and longer exposure to sunlight that contribute to reduced growth rates [34,35]. Likewise, the composition of the soil is a determining factor in the development of coffee beans, having a significant impact on the sensory attributes. Thus, it has been observed that at higher altitudes, the soils contain multiple essential nutrients and organic matter that promote better flavor development [25,36,37].



These aspects favor the development of chemical and biological compounds that intensify the desirable attributes of coffee, such as bright acidity, sweetness, complex aromas, and balanced body [38,39]. This is attributed to a slower maturation of coffee cherries, which allows for more developed flavor profiles because they affect the chemical composition of the coffee beans, increasing fatty acids and decreasing certain alkaloids and chlorogenic acids, which can enhance sweetness and caramel notes in the cup [40,41,42].




3.6. Multivariate Analysis of the Physical and Sensory Quality of Coffee


The correlational analysis showed that the sensory attributes of coffee in the cup had a high correlation, indicating agreement among the tasters, which supports the evaluation (Figure 4a). Conversely, it was observed that an increase in the number and score of defects and the humidity of green coffee significantly reduces the quality of the cup. Another factor to consider is that export performance shows a weak relationship with the physical parameters of green coffee and the sensory attributes of the brewed coffee, suggesting a slight uniformity of these qualities with the altitude of cultivation for both varieties.



The relationship between the physical aspects of green coffee and the sensory attributes of coffee in the cup presents different complex edges, although it has been considered in several studies that the larger bean size influences the generation of more desirable flavors [43].



Similarly, primary and secondary defects have a negative impact on sensory notes [44]. Likewise, adequate moisture levels and high bean density have a significant influence on cup coffee attributes, mainly aroma, flavor, and aftertaste [45,46]. However, despite the relationship between the physical parameters of coffee beans and sensory attributes, the subjectivity and experience of tasters and consumers, in addition to the preparation of the coffee in the cup, must be taken into account.



The PCA, on the other hand, revealed that the total variability explained by PC1 and PC2 was 88.0% (Figure 4b), indicating good representativeness. It shows that the Typica variety performs better in sensory attribute qualities with increasing altitude, while the Catimor variety appears to be more affected by husk and defects, and that these issues increase with altitude, although beans grown at 2100 m altitude still possess relatively good sensory quality.



Another aspect to consider in the quality of coffee beans and coffee in the cup is the ambient temperature in the fields, which is closely related to geographical conditions. As altitude increases, the temperature decreases significantly, resulting in better bean quality, more complex acidity and aroma, and specialty coffees. Although higher growing temperatures result in higher yields, as observed in this study, the beans are prone to pests and low sensory quality [47,48,49].



These findings suggest that coffee growers should place greater emphasis on growing coffee varieties above 1800 m. Many inter-Andean valleys in Peru, due to their geographical characteristics, present this condition. Based on this study, coffee cooperatives should join forces and expand their cultivation areas in gradients between 1800 and 2100 m, to guarantee the physical and cup quality of the coffee, taking into account aspects such as sustainable agriculture, circular economy, and responsible management of forests and wildlife areas.





4. Conclusions


Coffee, a bean in high demand due to its sensory qualities, presents differences in its physical and cup characteristics, influenced by the variety and, above all, by different altitudes of cultivation floors, which is related to the economy of the local producer and the GDP of the producing countries. This study showed that low humidity levels in parchment and green coffee for the Typica and Catimor varieties are influenced by climatic conditions and that damage due to pests decreased considerably with increasing altitude. Likewise, the secondary damage studied increases with the altitude of the crop and has a significant negative impact on the physical quality of the coffee, with more emphasis on the Catimor variety, which considerably affects the commercial performance, although it reported values ranging from 79.12 to 81.98%, which would have a significant economic impact on a commercial scale for producers in the Inkawasi area. On the other hand, it was observed that the sensory attributes are between “Very good” and “Extraordinary”, highlighting sweetness, cleanliness, uniformity, bright acidity, balanced body, and complex flavors, which allows it to reach the Specialty Grade category (>80 points) according to SCAA standards, with superior sensory attributes in Typica variety beans grown over 1800 m. Climatic factors, microclimates, and soil quality considerably influence the organoleptic profile of coffee beans. The Typica variety adapts to altitudes, offering good qualities, and can be called “high-altitude coffee”, although the Catimor variety responds best to altitudes of 2100 m. The altitude or gradient is a determining factor in the quality of coffee, although aspects such as water quality, mineral content, and microorganisms are critical and require attention from producers and competent entities.
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Figure 1. Crop field locations. 






Figure 1. Crop field locations.
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Figure 2. (a) Primary coffee damage *; (b) secondary coffee damage *; (c) coffee bean size *. * Different colors indicate different attribute values, while the size of the circles indicates intensity (larger circles indicate greater intensity or higher values). 
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Figure 3. (a) Sensory attribute scores for cupped coffee; (b) final cupped coffee score. 
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Figure 4. (a) Correlogram of the physical and sensory quality of coffee; (b) PCA for the physical and sensory quality of coffee based on altitudinal floors. 
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Table 1. Coffee growing soil characteristics in the altitudinal gradients.






Table 1. Coffee growing soil characteristics in the altitudinal gradients.





	
Sample

	
pH (1:1)

	
EC (1:1) (µS/cm)

	
CaCO3 (%)

	
OM (%)

	
P (ppm)

	
K (ppm)

	
Composition

	
CEC

	
Ca2+

	
Mg2+

	
K+

	
Na+

	
Al3+ + H+




	
Sand (%)

	
Silt (%)

	
Clay (%)

	
Texture

	
meq/100 g






	
1600

	
6.61

	
280

	
0.00

	
4.71

	
18.24

	
191

	
46

	
30

	
23

	
L

	
21.02

	
16.21

	
1.44

	
0.57

	
0.19

	
0.04




	
1800

	
6.56

	
310

	
0.00

	
4.88

	
20.3

	
185

	
45

	
32

	
23

	
L

	
20.00

	
15.20

	
1.38

	
0.53

	
0.17

	
0.00




	
2100

	
5.53

	
170

	
0.00

	
5.52

	
13.7

	
136

	
51

	
26

	
23

	
L.C.S.

	
18.08

	
9.78

	
1.52

	
0.42

	
0.15

	
0.10








Abbreviations: L—loam, C—clay, S—sand.













 





Table 2. Physical characteristics of parchment and green coffee.






Table 2. Physical characteristics of parchment and green coffee.





	
Variety

	
Parchment Coffee Moisture (%)

	
Husk or Shrinkage (%)

	
Defects (%)

	
Discard (%)

	
Green Coffee

Moisture (%)




	
     x  ¯    

	
±s

	
CV

	
*

	
     x  ¯    

	
±s

	
CV

	
*

	
     x  ¯    

	
±s

	
CV

	
*

	
     x  ¯    

	
±s

	
CV

	
*

	
     x  ¯    

	
±s

	
CV

	
*






	
T1600

	
9.11

	
0.025

	
0.28

	
a

	
16.22

	
0.16

	
1.00

	
c

	
1.39

	
0.27

	
19.21

	
a

	
0.41

	
0.11

	
27.61

	
d

	
9.03

	
0.06

	
0.64

	
a




	
T1800

	
9.13

	
0.029

	
0.32

	
a

	
17.13

	
0.22

	
1.26

	
b

	
0.68

	
0.06

	
9.21

	
b

	
0.86

	
0.13

	
14.95

	
a

	
8.93

	
0.06

	
0.65

	
a




	
T2100

	
9.09

	
0.036

	
0.40

	
a

	
17.40

	
0.09

	
0.52

	
b

	
0.63

	
0.11

	
17.80

	
b

	
0.82

	
0.17

	
20.84

	
b

	
8.63

	
0.06

	
0.67

	
b




	
C1600

	
8.94

	
0.067

	
0.75

	
a,b

	
17.06

	
0.09

	
0.51

	
b

	
1.48

	
0.23

	
15.29

	
a

	
0.25

	
0.05

	
20.00

	
e

	
8.97

	
0.12

	
1.29

	
a




	
C1800

	
9.02

	
0.029

	
0.32

	
b

	
17.46

	
0.19

	
1.09

	
b

	
1.84

	
0.26

	
13.93

	
a

	
0.21

	
0.07

	
34.64

	
e

	
8.93

	
0.12

	
1.29

	
a




	
C2100

	
8.52

	
0.076

	
0.90

	
c

	
18.67

	
0.29

	
1.55

	
a

	
1.55

	
0.19

	
12.18

	
a

	
0.67

	
0.07

	
10.83

	
c

	
8.47

	
0.06

	
0.68

	
b








Abbreviations:     x  ¯   —mean, s—standard deviation, CV—coefficient of variability. * Evaluated using Tukey’s test at 5% significance.













 





Table 3. Grade and exportable performance of green coffee.






Table 3. Grade and exportable performance of green coffee.





	
Variety

	
Defect Score

	
Grade

	
Exportable Performance (%)




	
      x  ¯     

	
±s

	
CV

	
*






	
T1600

	
4

	
1

	
81.98

	
0.42

	
0.51

	
a




	
T1800

	
4

	
1

	
81.33

	
0.04

	
0.05

	
a, b




	
T2100

	
2

	
1

	
81.15

	
0.11

	
0.13

	
b, c




	
C1600

	
4

	
1

	
81.21

	
0.16

	
0.20

	
b




	
C1800

	
4

	
1

	
80.49

	
0.34

	
0.42

	
c




	
C2100

	
5

	
1

	
79.12

	
0.20

	
0.26

	
d








Abbreviations:     x  ¯   —mean, s—standard deviation, CV—coefficient of variability. * Evaluated using Tukey’s test at 5% significance.
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