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ABSTRACT 

This research explains one of rason why yerba mate washes away quickly. 

Yerba mate undergoes some physicochemical changes it tends to lose its "organoleptic" 

properties, that would trigger its washing, caused by the lixiviation of its components. 

while we was making the research, 882 experiment were conducted and 9,702 mates were 

brewed. 

A higher frequency of quickly washed mates was observed when using water with pH 6.5 and a 

lower frequency of quick washed mates when using water with pH 8.5. 

Our results suggest that pH significantly influences fast washing of yerba mate; lower pH allowed 

of drinking water, the faster yerba mate is washed regardless of the temperature used. 

Chi-squared test demostrarte the causal relationship between fast washing of yerba mate and 

drinking water pH. t-Student test showed that yerba is washed fast using water with a slightly 

acidic pH. 

 

1. INTRODUCTION: 

Mate is a traditional Latin American infusion rich in caffeine that gives it´s stimulating effect. It´s 

made by soaking dried and crushed leaves of yerba (Ilex paraguarensis) in a mate groud. This 

hot drink was consumed by the Guaraní and Tupi peoples, where Paraguay is today. Mate is the 

official drink of Argentina and Uruguay, although it´s also consumed in Paraguay, Brazil, part of 

Chile and Bolivia, and also in Syria and Lebanon. 

One of the drawbacks of mate is that yerba is “washed” (la yerba se lava en español), that is, the 

yerba loses it´s flavor and is evident because it begins to sediment, yerba loses its organoleptic 

properties (Pagliosa et al. 2009). It´s impossible to prevent the yerba from being washed, since 

drinking mate involves leaching the compounds from yerba every time hot water is added (Scherer 

et al. 2002). 

Although yerba is washed at some point, there are situations in which yerba is washed much faster 

and according to empirical evidence - or popular myth - this may be due to the temperature of 

wáter used or the quality of yerba, among other little studied variables. 

 

2. Objetives: 

Determine if there is a causal relationship between water pH and fast washing of yerba mate. 

Present to the community a study that explains one of the causes why mate washes off quickly. 
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Disseminate scientific research that sets a precedent for future research. 

3. MATERIALS AND METHODOLOGY: 

3.1 Materials. 

The materials used for the experimentation were:  3 types of commercial yerba, plastic mate, 

baking soda, lemon juice, distilled water, mate straw, Stanley thermos, digital pHmeter and 

thermometer. 

Variables used. 

Water temperature, water pH, sugar, amount of water to brew in mate, thermal shock, soaking 

time of yerba (set of variables Annex 2). 

3.2 Experimentation 

The experiment consisted of brew mate until yerba was washed away. The precipitate and loss of 

flavor of yerba are taken as a parameter to consider a washed mate. 

A quickly washed mate is taken to be the one that loses its organoleptic properties before brew 

the 9th mate, and washed mate is normally the one that loses its properties from brew the 9th 

mate onwards. 

Work began using water with neutral pH and then to reach pH 6 and 6.5 water was acidified using 

lemon juice and to reach pH 7.5, 8 and 8.5 sodium bicarbonate was used to alkalinize water. 

Seven temperatures were used for the water (70°C, 75°C, 80°C, 85°C, 90°C, 95°C and 100°C), 

21 sets of variables were analyzed. The research team carried out 882 separate experiments 

And they brew 9,702 mates in total. 

4. RESULTS: 

The results obtained from experimentation are shown in figures for better interpretation 

(experimental results-annex 1). 

In figure 1 is observed number of mates brewed quickly according to the pH and temperature of 

water used. At 80°C mates brewed with of pH 8 or pH8.5 water did not wash quickly.  

Figure 2 shows the number of quickly washed mates taking into account only the pH (at different 

temperatures). The lower pH, greater the frequency of quickly washed mates. 
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Figure 1: Number of mates washed faster by temperature at different pH. 

 

  

Figure 2: Number of washed mates by pH of the water, regardless of temperatura. 

 

 

5. Results analysis  

A Pearson Chi square test (χ²) was performed to verify a possible association between the 

variables: fast washing of yerba and water pH. 

Frequencies of the number of mates brewed before washing the yerba using water with different 

pH were observed (Table 1) and the Chi-square values were calculated by pH categories (Table 

2). 

 

 

0

5

10

15

20

T 70°C T 75°C T 80°C T 85°C T 90°C T 95°C T 100°CN
u

m
b

er
 o

f 
fa

st
 w

as
h

 m
at

es

Temperature of  water used

Fast washing of yerba mate

pH 6 pH 6.5 pH 7 pH 7.5 pH 8 pH 8.5

83
68

32 33 36 19

64
79

115 114 111
128

0

50

100

150

pH 6 pH 6,5 pH 7 pH 7,5 pH 8 pH 8,5

N
u

m
b

er
 o

f 
m

at
es

 p
re

p
ar

ed
 

u
n

ti
l w

as
h

in
g

pH scale of water used

Fast washing of yerba mate

Mate washes quickly mate washes normally

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.10265



 
                                                                                                                                                                                                                

 

Table 1: Contingency table. 

 pH 6 pH 6,5 pH 7 pH 7,5 pH 8 pH 8,5 Total 
sum. 

Faster washing of yerba. 83 68 32 33 36 19 271 

Normal washing of yerba. 64 79 115 114 111 128 611 

Total sum. 147 147 147 147 147 147 882 

 

Hypothesis test: 

H0: fast washing of yerba does not depend on water pH used. 

H1: fast washing of yerba does depend on water pH used. 

Table 2: Chi square values table. 

 pH 6 pH 6,5 pH 7 pH 7,5 pH 8 pH 8,5 Total 
sum. 

fast washing of yerba. 31,69 11,54 3,84 3,28 1,86 15,16  

Normal washing of yerba. 14,06 5,12 1,70 1,45 0,83 6,73  

Total sum.       97,26 

  

𝑋2 =  𝛴
(𝑂𝑖−𝐸𝑖)2

𝐸𝑖
 = 97,26 

Critical value 

gl= (r-l).(c-i). 

gl = (2-1).(6-1) = 5 (freedom degrees) 

 = 0,05 (5%) 

𝑥2
(1-α).(r-1).(c-1) = 11,07         calculated with INV.CHICUAD.CD(α.gl). en Excel. 

The statistical value calculated (97.26) is greater than critical value (11.07). H0 is not accepted, 

that is, fast washing of yerba will depend on water pH used (Figure 3). 
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Figure 3: chi-square test graph, for fast washing test of mate with different pH water. 

 

 

 

t-Student analysis for two related samples (paired). 

We want to demonstrate that amount of mates washed quickly using pH6 water is greater than 

the amount of mates washed quickly using pH8.5 water, for this we will work with the average of 

the differences (Table 3). 

H0md ≤ 0   That is, yerba does not wash faster using pH 6 water. 

H0md > 0 That is, yerba is washed faster using pH 8.5 water. 

 

Table 3: table of averages of difference for t-student analysis 

fast wash pH 6 pH 8.5 D(difference) 

1 6 6 0 

2 5 0 5 

3 0 0 0 

4 1 2 -1 

5 3 1 2 

6 4 1 3 

7 7 1 6 

8 6 1 5 

9 5 1 4 

10 7 1 6 

11 5 1 4 

12 6 1 5 

13 6 1 5 

14 6 1 5 

15 7 0 7 

16 1 0 1 

17 4 1 3 

18 0 0 0 

19 3 1 2 

20 1 0 1 

21 1 0 1 
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Table 3 showed amount mates that were washed quickly with pH 6 and pH8.5 at variable temperatures. 

 

 
Table 4: Student's t-test for average of two paired samples  

   

  pH 6 pH 8.5 

Average 4 0,95238095 

Variance 6 1,64761905 

Observations 21 21 

Pearson correlation coefficient 0,31805042  

Hypothetical media difference 0  

Degrees of freedom 20  

t-statistic 5,876755595  

P(T<=t) one tail 0,000004751  

Critical value of t (one-tailed) 1,724718243  

P(T<=t) two tails 9,50236E-06  

Critical value of t (two-tailed) 2,085963447   
Table of critical and probable values for student's t generated by Excel 

 

Figure 4: t-student function graph for quick mate wash test using pH6 and pH7 water. 

 

The average of the differences indicates that yerba mate is washed faster using pH 6 water than 

with pH 8.5 water (Table 4), The statistic test value calculated is greater than critical value, so H0 

is rejected (Figure 4). 

Figure 5 shows a strong and negative correlation, which indicates that the variables are associated 

in the opposite direction. The higher water used pH used, the lower the observed frequency of 

quick washing of yerba mate.   
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Figure 5: correlation graph between water PH and fast washing of yerba mate 

 

 

 

 

6. DISCUSSION: 

It´s currently recommended that the optimal and safe water temperature is between 70 and 80 °C. 

There are reasons to assume that the use water above 80°C can be a health risk (Casnati 2013) 

although water consumed in mate never exceeds 57°C even if the water temperature used is 

higher than 90°C (Thea 2017; Alegre 2017). 

In our research we found evidence that allows us to assume that water temperature is a variable 

that significantly affects the fast washing yerba mate, since at variable pH washing of yerba was 

significantly lower at a 85°C temperature (Figure 1), although this temperature is not 

recommended for health. It can be seen that at temperatures of 75°C and 80°C mate is washed 

faster than at 85°C, this may be because at 80°C yerba mate has a high leaching rate as the 

number of mates brewed increases (Bernica 2019). 

We find that emperature does affect some of the organoleptic properties of yerba, with very hot 

temperatures above 80°C mate has a very bitter taste and below 70°C the flavor is very faint 

(Drunday 2019). 
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Although there is a lot of information about yerba mate, we did not find information on how water 

pH affects its organoleptic properties and if it´s related to washing yerba. 

In our research we found that water pH is a variable that significantly affects fast washing of yerba, 

mates that were brew with pH6 water and pH 6.5 showed that yerba was washed faster regardless 

of temperature used (figure 2). 

Assuming that the temperature is an intervening variable, it was observed that at higher 

temperature and lower pH yerba washes faster (table 1), and that at temperature of 85°C and pH 

8.5 yerba lasts longer without wash.  

Yerba mate has a pH of 7.5 – 7.1, the infusion has a pH of 5.7 (Larrusea 2013) and that at higher 

temperatures pH drops, it can be thought - a priori - that Lower pH the leaching percentage 

increases of the organic compounds in yerba (Linares 2010) and this probably makes yerba wash 

faster. We observed that mates brewed with water of pH 8.5 were the ones with the lowest 

frequency of fast washing. 

Statistical analysis chi-square shows us that there is an association between pH and the fast 

washing of yerba, t-student test indicates that yerba is washed faster when using water pH 6. 

 

7. CONCLUSIONS: 

Upon analysis of the result and subsecuent discussion we concluded that: 

• Water pH used for infusion of mate directly affects the fast washing of yerba mate. 

• The lower pH of drinking water, faster yerba mate will be washed, pH6 water washed yerba 

faster. 

• Water with ph8.5 is optimal for drinking mate, since the yerba is washed more slowly. 

• Of the temperature range recommended for health, water at 80°C is the most suitable so 

that the yerba mate lasts longer without washing, preserving its flavor for longer. 

We believe that this research is a precedent for future analytical research on how pH influences 

yerba mate leaching and washing at different temperatures. 
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