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Abstract 
Juice drinks are an important commercialization alternative for lychee, a tropical and subtropical 
fruit. Although the lychee juice content is important when assessing the quality of a drink, there 
are no published methods to determine it, particularly simple ones for the routine inspection of 
juice drinks. Lychee juice drinks contain ingredients with buffering capacity including proteins 
and ions such as phosphate, citrate, lactate, carbonate, acetate and propionate. The relationship 
between their buffering capacity and lychee juice content was studied. Citric acid was added to 
pure lychee dilutions in distilled water containing 100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 
20% and 10% lychee juice. The pH of the dilutions was measured to obtain a linear model for the 
molar H+ concentration as a function of the added citric acid (g/L) amount LC = (BC-494.2)/12,031, 
where LC was the lychee juice content and BC was defined as the juice buffering coefficient. 
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1. Introduction 
Juice drinks are an important commercialization alternative for lychee, a tropical and subtropical fruit with high 
consumer acceptance and high nutritional value [1]. Although the lychee juice content is important in the as-
sessment of the quality of a juice drink, there are no published methods to determine it. The RSK-values system 
was officially established by the Federal Republic of Germany in 1980 to measure the juice content in drinks. 
Numerous methods have been developed to detect juice content in drinks based on measuring characteristic 
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components found in the juice. Beatriz et al. published phenol profiles of 58 citrus varieties in Spain in a study 
aimed at developing a database to be used in the identification of adulterated drinks but were not appropriate for 
the routine determination of juice content [2].  

Ehling and Cole used the pomegranate juice organic acids spectrum to identify adulteration [3]. With the 
same objective, Obón et al. identified the types and amounts of anthocyanins in red fruit juice [4]. In Slovenia 
and Cyprus, Ogrinc et al. used nuclear magnetic resonance (NMR) spectroscopy to determine the 13C/12C, 2H/1H 
and 18O/16O ratios to distinguish juice drinks in these markets prepared from concentrated or fresh juice [5]. Ju-
raj & Milan measured capillary isotachophoresis anion profiles in orange juice to identify adulteration [6]. Eve-
lyne & Freddy used 1H-NMR spectroscopy to explore the difference between orange juice and wide leather ci-
trus juice [7]. Faria et al. evaluated the effectiveness of High Resolution Melting Analysis for species discrimi-
nation with the DNA fragment trnL [8]. Kurz et al. evaluated the reliability of FT-NIR spectroscopy to deter-
mine the real juice contents in juice products including apricot juice, peach juice and pumpkin juice [9]. IIkay 
determinated chemical composition, antioxidant activity and anthocyanin profiles of purple mulberry (Morus 
rubra) fruits. The results can be used to estimate the muluberry juice content [10]. 

As there is a correlation between lychee juice content and buffering capacity, when a given amount of citric 
acid is added into a lychee juice drink, its pH will change more if the lychee juice content is lower. This obser-
vation was used to develop a simple and rapid method to detect lychee juice content in juice drinks. 

2. Materials and Methods 
2.1. Lychee Juice 
Fresh lychee juice (Litchi chinensis Sonn.) was obtained from CongHua Shunchangyuan Green Food Co. Ltd., 
Guangzhou, China, was produced by washing, peeling, pitting and pressing the fruit and finally by filtration 
through a 60-mesh sieve. Ten lots of commercial juice were diluted with distilled water to prepare in a 250 mL 
beaker, 50 mL lychee juice drinks containing 100%, 90%, 80%, 70%, 60%, 50, 40%, 30%, 20% and 10% pure 
lychee juice. 

2.2. Determination of the Buffering Capacity of Juice Drinks 
Under constant agitation of the 10% - 100% lychee juice drinks using a magnetic stirring bar, up to 1.6 mL of  

 

 
Figure 1. Effect on the molar H+ concentration when adding at 0.2 mL intervals up to 1.6 mL of monohydrate citric acid (25 
g/100mL water) acid into 50 mL of drinks containing 10% - 100% lychee juice to define the drink buffering capacity (BC) as 
the linear correlation slope. 
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Table 1. Determination of the drink buffering capacity (BC) as the slope of the linear correlation between the 
molar H+ concentration values (Y) measured after adding up to 1.6 mL of monohydrate citric acid (25 
g/100mL water) at 0.2 mL intervals (X) into 50 mL of different lychee juice content (LC) drinks. 

LC Linear regression R2 BC 
100% Y = 12282X − 0.3692 0.9857 12,282 
90% Y = 11273X − 0.2092 0.9838 11,273 
80% Y = 10021X − 0.1383 0.9877 10,021 
70% Y = 9060.4X − 0.1366 0.9917 9060.4 
60% Y = 7409.5X + 0.0178 0.9895 7409.5 
50% Y = 6400.1X + 0.0212 0.9934 6470.0 
40% Y = 4901.3X + 0.0833 0.9946 4901.3 
30% Y = 4056.0X − 0.1560 0.9994 4056.0 
20% Y = 2896.8X − 0.1657 0.9994 2896.8 
10% Y = 2144.1X − 0.4046 0.9916 2144.1 

 

 
Figure 2. Effect of the lychee juice content (LC) on the buffering coefficient (BC) of the juice drink defining 
a method to identify the juice content in commercial products. 

 
monohydrate citric acid (25 g/100mL water) were added into each dilution. After the addition of every 0.2 mL 
citric acid, the pH of the lychee juice solutions was measured (Type PB-20, Sartorius, Germany) and recorded. 
The monohydrate citric acid used was of analytical reagent quality. 

The molar H+ concentration (=10-pH) was linearly correlated to the amount of citric acid (g/L drink) added to 
each of the 10% - 100% lychee juice drinks. The slope for each drink was defined as its buffering coefficient 
(BC) and correlated to its lychee juice content. Origin 8.6 was used for statistical analysis and graphics software 

3. Results and Discussion 
The effect on the molar H+ concentration when adding up to 1.6 mL of monohydrate citric acid (25 g/100mL 
water) acid to 50 mL of ten drinks containing 10% - 100% lychee juice is shown in Figure 1. Linear regression 
equations of 10 lychee juice concentrations drinks are shown in Table 1 indicate the BC values obtained which 
were then correlated with the lychee juice content (LC) (Figure 2) leading to the following expressions: 
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2.49412031 +×= LCBC                                  (1) 

12031
2.494−

=
BCLC                                    (2) 

4. Conclusion 
A linear correlation between the buffering coefficient and the juice content in lychee juice drinks was deter-
mined experimentally to develop a simple and rapid method of analysis. The juice content in lychee juice drink 
can be estimated by measuring the buffering coefficient. However, the buffering capacity of lychee juice may be 
influenced by several factors, such as proteins, phosphate, citrate, lactate, carbonate, acetate and propionate ions 
which may reflect not only lychee juice content but other factors not included in this study.  
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