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The present study evaluated the anti-nutritional factors of “Bengal” lychee (Litchi chinensis Sonn.), in 
the fresh pulp, peel and seed, both fresh and processed. The samples were analyzed for the levels of 
phenolic compounds, nitrate, oxalic acid and inhibitory activities of trypsin, lipase and α-amylase. 
Drying influenced the activity of all enzyme inhibitors, resulting in a reduction in the inhibitory activity 
of lipase (0.13 and 0.15 lipase inhibitor units for peel and seed, respectively) and an increase in the 
inhibitory activities of trypsin (10.14 and 10.66 trypsin inhibitor units for peel and seed, respectively) 
and α-amylase (1.13 and 1.08 amylase inhibitor units for peel and seed, respectively). With drying, it 
was possible to observe an increase in the levels of phenolic compounds, the low content of nitrate did 
not change with drying, while oxalic acid was not detected. The antinutrients evaluated in lychee 
fractions are present in amounts that do not preclude its use; thus, the use of lychee fractions, fresh or 
dried, is feasible as nutrient sources and add value to the fruits, since industries can use these 
residues for developing new products, as well as in food enrichment.  
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INTRODUCTION 
 
Consumer interest for exotic fruits increases every day 
because of their nutraceutical value and the correlation 
between healthy eating and the reduction in the risk of 
diseases and cancer development (Ferguson and 
Schlothauer, 2012). 

Fruits and vegetables have a large amount of 
substances capable of providing health benefits by 
preventing   or   treating   diseases,    which   are    called 

bioactive compounds. These substances can act in 
different ways: as antioxidants, activating hepatic 
detoxification enzymes, inhibiting cholesterol absorption 
or reducing platelet aggregation. In addition to these 
compounds, fruits and vegetables may also have anti-
nutritional compounds that have deleterious effects on 
the organism, interfering with digestion and nutrient 
absorption, or being toxic,  depending  on  the  amount  in 
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which they are consumed (Pennington, 2002; Suneja et 
al., 2011; Sreerama et al., 2012; Coimbra and Jorge, 
2013). These anti-nutrients such as trypsin inhibitors, 
lectins, oxalic acid, nitrates and phytates, are present in 
raw or processed foods (Jain et al., 2009); however, in 
general, heat processing causes a reduction in the 
content of some of these compounds, such as protease 
inhibitors, tannins and lectins (Muzquiz et al., 2006). 

In the food industry, fruit processing creates a 
substantial amount of residues and the recovery of these 
residues can be an important alternative for sustainable 
development. In this context, lychee (Litchi chinensis 
Sonn) is a fruit natural to China, and has been widely 
cultivated in warm climates around the world (Zhang et 
al., 2013). It presents a short postharvest life and can be 
consumed fresh, canned, dehydrated, and processed into 
juices, fermented beverages, liqueurs, ice creams, etc.  
Lychee by-products, such as the peel and the seed, are 
usually discarded by the industry and consumers, and 
can be used as an alternative source of nutrients, since 
they do not present anti-nutritional factors in harmful 
amounts to the body. 

Research has shown that lychee by-products have a 
high energy and nutritional potential, besides anti-
inflammatory, anti-hyperlipidemic, anti-hyperglycemic, 
hepato and cardioprotective activities (Bhoopat et al., 
2011; Queiroz et al., 2012; Jiang et al., 2013). Since 
these by-products have lower storage times, due to water 
content, drying arises as a tool, as it allows weight 
reduction, which reduces shipping, packaging and 
storage costs, besides extending storage time, allowing 
the application of these farinaceous products as 
ingredients in the food industry. However, in order to be 
used, it is necessary to investigate anti-nutritional factors 
present in lychee fractions and the effect of drying on 
these factors.  

 Seeking the discovery of new nutritional sources, as 
well as the minimization of postharvest losses and the 
use of agricultural by-products, the fractions peel, pulp 
and seed of fresh lychee were studied, as well as the 
peel and the seed dried at 45°C, in order to determine the 
bioactive compounds with anti-nutritional characteristics.  
 
 
MATERIALS AND METHODS 
 
Raw material and sample preparation 
 
Lychee fruits from Bengal cultivar were picked in December, at a 
commercial orchard in Nepomuceno, located in the southern region 
of the state of Minas Gerais (-21°20’S; 45°23’W), Brazil. The 
lychees were selected according to uniformity of coloration (intense 
red peel), average size and absence of defects. After the selection 
of 280 fruits, they were washed, sanitized with 200 μ/L-1 sodium 
dichloroisocyanurate for 15 m, weighed, divided into 2 batches, 
each with 7 repetitions with 20 fruits each, and separated into 
fractions (peel, pulp and seed). 

The peel, pulp and seed fractions of the first batch (fresh fruit) 
were frozen in liquid nitrogen and stored in a freezer (-20°C) until 
the analysis was carried out.  The  peel  and  seed  fractions  of  the  

 
 
 
 
second batch (dried) were oven-dried (45°C) until constant weight 
and stored in an amber flask for approximately 4 days, for the 
drying of the peel, and 8 days for the seed.  
 
 
Moisture  
 
The moisture content of lychee peel, pulp and seed was determined 
by gravimetry, according to the methodology of the Association of 
Official Analytical Chemists (Horowitz, 2010). 
 
 
Phenolic compounds 
 
The extraction of phenolic compounds was performed with 50% 
methanol in reflux for three consecutive times, at 80°C. The 
extracts were combined, evaporated to 25 ml and subjected to the 
determination of phenolic compounds, using the Folin-Denis 
reagent. The results were expressed in tannic acid equivalents 
(Horowitz, 2010). 
 
 
Oxalic Acid  
 
The content of oxalic acid was determined by Huang and Tanudjaja 
(1992), in which the oxalic acid was extracted at 90°C with 6N 
hydrochloric acid, precipitated and quantified by titration with 0.02 N 
potassium permanganate. 
 
 
Nitrates 
 
Nitrates were determined as proposed by Cataldo et al. (1975), by 
the nitration of salicylic acid under highly acidic conditions dry 
samples were suspended in deionized water, incubated at 45° C for 
1 h, centrifuged at 5,000 x g for 15 m and the supernatant was 
collected for analysis. The complex formed had its absorbance 
measured at 410 nm and the results were expressed in mg nitrate 
100g-1 dry matter (DM). 
 
 
Trypsin inhibitory activity 
  
Trypsin inhibitory activity of lychee fraction extracts was determined 
using the method proposed by Erlanger et al. (1961), using Nα-
Benzoyl-DL-arginine-p-nitroanilide hydrochloride (BApNA), 
prepared in 0.05 mol L-1 TRIS, pH 8.2, as a substrate. The 
determination of the inhibitory activity was performed from the 
difference between the activity in the absence (control, without 
extracts) and in the presence of the extracts. The results were 
expressed in Trypsin Inibitor Units (TIU) where 1 TIU is equal to 
1μmol min-1 per g of DM that fails to be produced due to the 
presence of the extract. 
 
 
α -Amilase inhibitory activity 
 
The inhibitory activity of α-amylase in lychee fraction extracts was 
determined according to Simão et al. (2012). Aqueous extracts of 
lychee fractions were prepared at a 1:10 (w/v) ratio under horizontal 
agitation at 4°C, for 30 m. A 50 μL aliquot of the extracts was pre-
incubated with 50 μL α-amylase for 20 m, in a water bath at 37°C; 
soon afterwards, 100 μL of the substratum was added (1% starch 
solution prepared in a 0.05 mol L-1 Tris buffer, pH 7.0, added with 
38 mmol L-1 NaCl and 0.1 mmol L-1 CaCl2), at 4 different times. The 
reaction was stopped with 200 μL dinitrosalicylic acid (DNS) and 
the reaction product was measured in a spectrophotometer at 540 
nm. The results were expressed in α-Amylase Inibitor Units (AIU), 
in which 1UIA is equal to 1 μmol min-1 per g of DM  that  fails  to  be  
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Table 1. Levels of phenolic compounds, nitrate and oxalic acid of lychee fractions. 
 

Fractions Phenolic compounds* (mg 100g-1) Nitrate* (mg 100g-1) Oxalic acid 

Fresh peel 22.04±0.50 C** 339.89±17.84 A ND*** 
Fresh seed 11.45± 0.36 D 148.13± 27.54 B ND 
Fresh pulp 21.20 ± 0.35 C 51.98 ± 1.63 C ND 
Dry peel 71.71± 0.29 A 351.81± 18.47 A ND 
Dry seed 34.72± 0.49 B 154.80± 28.77 B ND 

 
* All values are on a dry weight basis. Data represent mean ± SEM (n=7). ** Within the same column, means followed by the 
same upper case letter in columns do not differ by the Tukey test at 5% probability. *** ND- Not detected 

 
 
 
produced due to the presence of the extract. 
 
 
Lipase inhibitory activity  
 
Lipase activity was determined according to Souza et al. (2011). A 
sample of 0.5 g lychee fractions was extracted in 20 ml of 80% 
ethanol, in an ultrasonic bath, at 4°C, for 30 m. Ethanol was 
removed from the extract by evaporation and the sample residue 
was suspended in 5 ml water. A 50 μL aliquot of the extract, at a 
1:10 (w/v) ratio, was pre-incubated with 100 μL pancreatic lipase, at 
37°C, for 10 m. The reaction was started with the addition of 50 μL 
of the substrate p-nitrophenyl-palmitate, at 8 mmol L-1, in 0.05 mmol 
L-1 Tris-HCl, pH 8, containing 0.1% Triton-X100, in a bath at 37°C, 
and was stopped by transferring the reaction mixture to an ice bath 
and adding 1000 μL of 0.05 mmol L-1 Tris-HCl buffer. The samples 
were read in a spectrophotometer at 410nm and lipase activity was 
expressed in Lipase Inibitor Units (LIU), where 1 LIU is equal to 
1μmol min-1 per g of DM that fails to be produced due to the 
presence of the extract; and inhibition percentage calculated 
through the difference of the slope of the standard and control 
curves. 
 
 
Statistical analysis  
 
The experiment was carried out in a randomized design (CRD), 
made up of 5 treatments (fresh peel, pulp and seed, and peel and 
seed dried at 45°C), using 7 repetitions of 20 fruits each. The 
results were reported as mean ± standard error of mean (SEM), 
and were submitted to a variance analysis by the SISVAR® 

statistical software, version 5.1 (Ferreira, 2011), and the averages 
of the treatments were compared by the Tukey test at 5% 
probability. 
 
 
RESULTS 
 
Lychee had an average weight of 18.39 g, of which 
27.08% were peels, 50.90% pulp and 22.02% seeds. The 
moisture found in the peel, pulp and seed was 68.93, 
83.91 and 47.11 g 100 g-1, respectively. Phenolic 
compounds, nitrate and oxalic acid contents verified in 
lychee fractions are shown in Table 1. There was a 
significant difference in the levels of phenolic compounds 
and nitrate in the analyzed fractions. Oxalic acid was not 
detected in any of the analyzed fractions.  
Among the fresh fractions, the seed had the lowest 
content of  phenolic  compounds  (11.45  mg  100 g-1  dry 

matter), and no significant difference was found between 
the content of these compounds in the peel and pulp. The 
content of phenolic compounds observed in the fractions 
submitted to drying were significantly higher than those 
obtained in the fresh ones, especially in the dry peel, 
which had the highest content of phenolic compounds 
(71.71 mg 100 g-1). 

The contents of nitrate ranged from 51.98 to 351.81 mg 
100g-1, and the lowest content was observed in the pulp 
(Table 1). Although processing resulted in significant 
changes in food composition, drying did not affect the 
contents of nitrate in the peel and seed, which were very 
similar to fresh fractions. 

Enzymatic inhibitions verified in lychee fraction extracts 
are listed in Table 2. The fresh peel presented a higher 
trypsin inhibitory activity than the fresh seed (14.61 and 
3.17 TIU, respectively), and inhibition was not found in 
the pulp. Drying at 45°C influenced trypsin inhibitory 
activity, increasing it in 10.14 TIU for the peel and in 
10.66 TIU for the seed. 

The lychee pulp (Table 2) presented a higher α-
amylase inhibitory activity (7.23 AIU). The drying process 
influenced the inhibitory activity of α-amylase; however, 
there was no significant difference (p< 0.05) between the 
inhibitory activity in the peel and in the dry seed (1.13 and 
1.08 AIU, respectively). 

All of the ethanolic extracts of lychee fractions 
presented inhibitory activity on pancreatic lipase. The 
pulp presented the highest lipase inhibition percentage 
(67%), and although all of the extracts had the same 
concentration, the result expressed in inhibition 
percentage is relative to extract concentration and, as 
such, the results were converted to LIU. 

Therefore, as occurred in the inhibition percentage, the 
fresh pulp presented the most expressive inhibitory 
activity (0.75 LIU), and differences were not observed (p< 
0.05) between the inhibitory activities of the fresh peel 
and the seed. 

Drying negatively influenced lipase inhibitory activity, 
causing a reduction of 0.13 LIU for the peel and 0.15 LIU 
for the seed, a result that can be observed by the 
decreases in the inhibition percentage and the inhibitory 
activity of the dry fractions in relation to the fresh fractions 
(Table 2). 
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Table 2. Trypsin inhibitory activity (TIU), α-amylase inhibitory activity (AIU), lipase inhibitory activity (LIU) and 
lipase inhibition percentage of lychee fractions. 
 

Fractions TIU* (TIU  g-1) AIU (AIU 100g-1) LIU (LIU g-1) Lipase inhibition (%) 

Fresh peel 14.61± 0.47 B** NS*** 0.19 ± 0.003 B 27.44 ± 6.19C 
Fresh seed 3.17 ± 0.11 C NS 0.22 ± 0.002 B 44.58 ± 3.21B 
Fresh pulp NS 7.23 ± 0.46 A 0.75 ± 0.003 A 66.64 ± 5.6 A 
Dry peel 24.75 ± 1.26 A 1.13 ±0.07 B 0.06 ± 0.001 C 6.4 ± 5.6 E 
Dry seed 13.83 ± 0.47 B 1.08 ± 0.08 B 0.07 ± 0.001 C 17.30 ± 6.51 D 

 
* All values are on a dry weight basis. Data represent mean ± SEM (n=7). ** Within the same column, means followed by 
the same upper case letter in columns do not differ by the Tukey test at 5% probability. *** NS- Inibition not significant. 

 
 
 
DISCUSSION 
 
Dehydration modifies the nutritional value, the physical 
and structural properties of fruits and vegetables and, 
even when this occurs in mild temperatures, there is a 
destruction of cell wall polymers (Ebun and Santosh, 
2011; Harbourne et al., 2009; Kim et al., 2006). 
Therefore, an increase in the contents of phenolic 
compounds with drying suggests that heating caused a 
release of phenolic compounds, possibly bound to cell 
wall polysaccharides that were not extracted, and 
consequently, quantified in fresh lychee fractions. 

Among phenolic compounds, tannins are considered 
anti-nutrients since, in diets for humans and species of 
monogastric animals, they can reduce the digestibility of 
proteins, carbohydrates and minerals; decrease the 
activity of digestive enzymes, besides causing damage to 
the lining of the digestive system or having systemic toxic 
effects (Benevides et al., 2011). 

The maximum phenolic compound intake suggested for 
humans is approximately 1 g day-1 (Scalbert et al., 2005). 
It is therefore likely that the use of lychee fractions, fresh 
or dried, is not sufficient to overcome this daily limit. 
Although processing causes important modifications in 
food composition, lychee processing did not cause 
significant changes in nitrate contents. Drying at 45° C is 
not capable of degrading nitrates present in lychee 
fractions, and the highest nitrate levels were observed in 
the peel, both fresh and dry.  

The acceptable nitrate daily intake is 5 mg kg-1 body 
weight (WHO, 2003). The excessive consumption of this 
compound can cause cyanosis by the formation of 
metmyoglobin, and neoplasia from the formation of N-
nitroso compounds (Faquin and Andrade, 2004). Taking 
the example of a person weighing 70 kg, they could 
ingest 350 mg nitrate; thus, these values will only be 
achieved if the consumption of dried peel fraction with the 
highest nitrate content, is close to 100 g day-1, a 
consumption considered relatively high, which reduces 
the risk of damage caused by high nitrate doses be 
acquired with the use of dry lychee peel. 

A reduction in the content of nitrate was observed in 
cruciferous vegetables cooked  in  boiling  water  and  the 

loss of nitrate is due to the loosening of the plant tissue, 
with consequent mass increase, as a result of water 
absorption, thus resulting in its dilution. Nitrate loss was 
also found in fruits and vegetables submitted to boiling; 
however, nitrate values remained relatively constant 
during baking and there was a 2- to 3-fold increase in 
nitrate content after frying products in soy bean oil 
(Chetty and Prasad, 2009), which did not occur with dry 
lychee fractions. 

The content of nitrate found in all lychee fractions was 
lower than that found by Kaminishi and Kita (2006) for 
spinach, whose average content of nitrate ranged from 
3.79 to 4.33 g kg-1 fresh matter (FM), which do not 
preclude the use of lychee fractions, enabling individual 
use. 

Oxalic acid was not detected in any of the lychee 
fractions, which represents a favorable result, since 
oxalate, although often found in plants, cannot be 
metabolized by humans, and is excreted in the urine. It is 
estimated that about 75% of kidney stones are comprised 
of calcium oxalate, and hyperoxaluria is a major risk 
factor for the disease. Thus, the restriction in oxalate 
intake in the diet has been suggested as a treatment to 
prevent recurrent nephrolithiasis in some patients 
(Benevides et al., 2011). 

The effect of processing on the trypsin inhibitory activity 
of dried fractions is similar to that reported by Naves et al. 
(2010), who observed a lower activity of these inhibitors 
in the flour of raw pumpkin seeds, than in those steamed 
and water-boiled, although the process carried out by that 
author is different from that performed in lychee peel and 
seed. 

Two of the main types of trypsin inhibitors, Kunitz and 
Bowman-Birk, are proteic and their thermal stability 
depends on molecular weight and on the degree of 
stabilization of the active conformation by disulfide bonds. 
However, although proteic, the use of moderate 
temperatures, as used in this study, may not be sufficient 
to denature such inhibitors, keeping their inhibitory 
activity. The inactivation of the trypsin inhibitor was only 
possible combining the treatment under pressure with 
high temperatures (90% inactivation with the treatment, in 
less than 2 m, at temperatures between 77 and 90°C and  



 
 
 
 
pressures between 750 and 525 MPa) (Vem et al., 2005). 
This explains the fact that drying at 45°C was not enough 
to minimize trypsin inhibitor activity of dry lychee 
fractions.   

In spite of the increase due to the drying process, the 
trypsin inhibitory activity found in all fractions was low in 
relation to other foods that also present these inhibitors, 
such as pumpkin seed, white beans, lentil, peanut, 
chickpea (Naves et al., 2010; Pereira et al., 2010; 
Pedrosa et al., 2012), and soy, whose values range from 
37.73 to 51.68 TIU mg -1 DM (Vem et al., 2005). Many 
plant families possess inhibitors distributed in various 
organs, and their expression is constitutive (reproductive 
organs, reserve organs and vegetative tissue) or induced 
(response to herbivory, pathogens, mechanical injury and 
stress) (Chen et al., 2004). The highest trypsin and α-
amylase inhibitory activities found in dry lychee fractions 
are due to the response of the vegetable to the damage 
due to the process, at the initial drying moments. 
Although an increase in α-amylase inhibitory activity has 
occurred with drying, amylase inhibitory activity in the dry 
fractions was lower than that in the fresh lychee pulp and 
lower than that found in white bean flour (66.89 AIU) 
(Pereira et al., 2010). 

The highest inhibitory activities of trypsin and α-
amylase verified in the dry fractions are probably due to a 
plant response to the damage caused by the drying 
process in its early stages (Chen et al. 2004). The 
reduction in the activity of lipase inhibitors, 0.13 IWU in 
the peel and 0.15 IWU in the seed (Table 2), suggests 
that this inhibitor is sensitive to heat treatments. The in 
vitro enzymatic activity can be influenced by the presence 
of phenolic compounds of fruits and vegetables that, 
depending on their structure, can react with proteins and 
alter various properties of these biopolymers, such as 
their molecular weight, in vitro digestibility and solubility, 
showing a nonspecific inhibition (Rohn et al., 2002; Birari 
and Bhutan, 2007). Lychee pericarp, pulp and seed 
contain a great amount of polyphenolic compounds, such 
as condensed tannins, gallic acid, epicatechin, 
procyanidin A2, anthrocyanin, quercetin 3-rutinoside 
(rutin), quercetin glucoside and others (Jiang et al., 2013; 
Zhang et al., 2013), which may exhibit anti-amylase 
activity, but the distribution of these compounds in lychee  
fractions varies. 

The suppressive effects of this experiment suggest that 
lychee fractions, especially the pulp, are able to inhibit α-
amylase and lipase. Thus, the inhibitory activity of α-
amylase found in this study may be caused by the 
phenolic compounds present in the lychee fraction 
extract, and additionally, it is possible that protein–
phenolic and/or phenolic–phenolic synergies may be 
involved in the food extract enzyme-inhibition 
mechanism. Among the compounds that may exhibit 
potential effects to prevent obesity, polyphenol stands out 
for inhibiting enzymes related to lipid metabolism, 
including   pancreatic   lipase,   lipoprotein    lipase,    and  
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glycerophosphate dehydrogenase. Suppressive effects of 
polyphenols on lipase activity are due to their affinity for 
protein and lipase aggregation (Birari and Bhutan, 2007), 
which can cause their precipitation. 

Research with the objective to determine the inhibition 
of pancreatic lipase in lychee flower reported that 
aqueous extracts of lychee flower rich in polyphenols 
show anti-obesity and anti-inflammatory potentials. The 
results showed that lychee flower-water extracts have 
suppressive effects against pancreatic lipase activity, with 
a 45% inhibition in in vitro pancreatic lipase activity and 
decreased epididymal adipose tissue sizes, as well as 
decreased serum and in vivo liver lipid contents (Wu et 
al., 2013). 

The percentage of inhibition, in vitro, against pancreatic 
lipase activities observed in this study is higher than that 
reported by Wu et al. (2013), and this is probably due to 
the solvent used for the preparation of the extract and the 
lychee fraction analyzed. 

Suppressive results of this experiment suggest that 
lychee fractions, particularly the pulp, are capable of 
inhibiting lipase and α-amylase, and may be helpful in the 
treatment of obesity caused by the elevation of fat and 
carbohydrate levels in the diet, although in vivo anti-
obesity effects of lychee fractions were not investigated in 
this study. It should be noted, however, that, despite the 
high inhibition observed in the pulp, this fraction is rich in 
carbohydrates, which reinforces the need for future 
studies on the in vivo inhibitory potential of lychee 
fractions. 
 
 

Conclusions  
 
The results of this study show that lychee fractions have 
anti-nutrients such as phenolic compounds, nitrate and 
trypsin inhibitors, α-amylase and lipase, in amounts that 
do not preclude the use of these fractions, fresh or 
subjected to drying at 45° C, as nutrient sources. 
Therefore, it is possible to add value to lychee, since 
industries could use residues (peel and seeds) for 
commercial formulations and food enrichment. 
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