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Abstract: Coffee is the most consumed beverage in the world, especially in Nordic countries.
Its composition has substances considered to have high value for human health, such as chlorogenic
and phenolic acids. However, the roasting of coffee can form substances such as acrylamide that are
considered toxic and carcinogenic, depending on the time and the heat of roasting. However, there
are some ways of reducing acrylamide formation during the processing of coffee beans. The reduction
of its precursor asparagine is one of these ways. This can be achieved by the treatment of beans
with the enzyme asparaginase. This study aimed to test the effectiveness of applying asparaginase
(Acrylaway™) and evaluate the reduction of the amount of asparagine in Coffea arabica and C. canephora
beans. The results showed the effectiveness of the enzyme in the reduction of free asparagine in green
coffee beans of both species (C. arabica and C. canephora). Steam pretreatment was effective for the two
species but required different times (30 min for C. arabica and 45 min for C. canephora). This can be
attributed to the different chemical compositions found in the two species.
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1. Introduction

Coffee is the most consumed beverage in the world, especially in Nordic countries [1,2]. It contains
substances considered to have high value for human health, such as chlorogenic and phenolic
acids. However, these compounds are partially destroyed when the coffee beans are roasted [3].
The roasting of coffee also can form substances that are considered toxic and carcinogenic, such as
acrylamide, depending on the time and heat of roasting [4,5]. Although lengthy roasting can reduce
acrylamide formation by degrading this substance, other substances that are also carcinogenic can
be formed [6]. Lengthy roasting causes degradation of the beneficial coffee components and changes
sensory characteristics of the beverage [7].

Acrylamide has been classified by the International Agency for Research on Cancer as a potentially
carcinogenic substance formed when carbohydrate-rich foods are fried, baked or toasted above 120 ◦C
(dry heat) in Maillard’s reaction. However, chemical routes are not completely elucidated. Evidence
points to asparagine as the main amino acid involved in the Maillard reaction as one of the key
precursors in the mechanism of acrylamide formation [7].

Since 2002, the food industry worldwide has collaborated with scientists, in order to reduce the
levels of acrylamide in cooked foods. Mitigation techniques can be separated into three different types.
Firstly, starting materials low in acrylamide precursors can be used to reduce the acrylamide in the final
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product. Secondly, process conditions may be modified, in order to decrease the amount of acrylamide
formation. Thirdly, post-process intervention could be used to reduce acrylamide [8].

There are other ways of reducing acrylamide formation [9] during the processing of coffee beans.
The reduction of asparagine is one of these ways and can be achieved from the use of the enzyme
asparaginase [10–13]. The available commercial enzymes have been tested in chips [14], with promising
results showing 90% reduction of acrylamide formation in the final product and no changes in the
sensory characteristics [15].

Numerous papers have demonstrated that acrylamide formation is proportional to reducing sugar
concentrations in a potato [16,17], while in cereals, such as rye and wheat, acrylamide formation is
proportional to asparagine content [18,19]. It is clear, however, that little or no acrylamide will form in the
absence of asparagine, while other components of the food matrix, such as lipid-derived aldehydes [20],
amino acids such as serine and threonine [21], and other carbonyl-containing molecules [22,23], can
react with asparagine to form acrylamide also.

Asparagine is the main precursor of acrylamide during the roasting of coffee beans, so its reduction
means a lower concentration of acrylamide after beans are roasted [24,25].

Roast and ground coffee are not consumed as such but prepared as a beverage. Coffee is prepared
by the addition of hot water and subsequent filtration [6]. Thus, calculation of the acrylamide content
per cup is an important term of exposure level. Coffee has, in some cases, been reported to contribute
substantially to the total dietary intake of acrylamide, especially in Nordic countries. In Sweden, an
early study showed that the mean intake from coffee was estimated at 12 µg day, which is roughly 39%
of the total dietary intake [26].

The study aimed to test the effectiveness of the asparaginase enzyme treatment in green beans
and evaluate the reduction of the amount of asparagine in the two main species of coffee, C. arabica
and C. canephora.

2. Materials and Methods

2.1. Coffee Samples

The coffee beans used for analysis were Coffea arabica and C. canephora. All samples were acquired
from producing regions in the states of Minas Gerais (C. arabica) and Espiríto Santo (C. canephora) in
Brazil, and both green coffee samples were from 2015 season.

2.2. Pretreatment with Steam

To evaluate the influence of enzymatic treatment, a step for opening the pores of the bean to the
enzymatic treatment was used. Approximately 10 g of green coffee beans selected (per assay) was
separated and subjected to direct contact with flowing steam (100 ◦C) for 0 (control) min, 15 min,
30 min, 45 min, 60 min.

2.3. Enzymatic Treatment

Some parameters were provided by the company concerning the reaction conditions of the enzyme
Acrylaway™ as ideal temperature, pH, among others (data not published). Table 1 shows the HPLC
parameters used for extraction, amino acid profile and asparagine analysis, following methodology
previously used at Embrapa Food technology Labs.

Coffee beans with pores opened by steam treatment were hydrolyzed with an asparaginase
solution (Acrylaway™). Samples weighing 10 g, subjected or not to the steam pretreatment, were
transferred to 250-mL Erlenmeyer flasks, to which 1.47 mL of asparaginase enzyme was added, diluted
100 times with deionized water, after which the volume was completed with deionized water, to assure
the pH that was considered optimal for the enzyme.

In this condition, the enzymatic load was 3500 ASNU (units of enzyme measurement)/g of dry
coffee and the amount of water was 60% (so that all the water was absorbed after 1 h of hydrolysis).
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The coffee beans were placed in an oven at 80 ◦C for approximately 2 h, until complete drying.
The enzymatic loads chosen for test were: 3000 ASNU, 6000 ASNU, 9000 ASNU, 12,000 ASNU and
15,000 ASNU. For grinding, the granulometry was fixed as fine (0.5 mm).

Table 1. Parameters for enzyme reactions conditions.

Parameter Reaction Conditions

Temperature 37.0 ± 0.5 ◦C
pH 7.00 ± 0.05 (at room temperature)

L-asparagine 9.2 mg/mL
Enzyme working range 0.0207–0.0775 ASNU/mL

Interval kinetic measuring time 2 min Incubate 1.5 min before measuring

Wavelength 340 nm
NADH 0.405 mg/mL

2.4. Asparagine Extraction

One-gram ground coffee samples were placed in 25 mL flasks, to which 0.1 M of HCl was added.
The flasks were placed in an ultrasound bath for 20 min, after which the solution was transferred to
50 mL Falcon tube and centrifuged for 10 min at 4500 rpm. After centrifugation, the solution was
transferred to test tubes, which were vortexed. Then the samples were micro-filtered (mesh of 0.22 µm),
vortexed again and transferred to 1 mL Eppendorf tubes.

2.5. Derivatization of Amino Acids

Two mg of aspartic acid was placed in a flask and completed to 50 mL with 0.1 M of HCl. The oven
was preheated to 55 ◦C. Then 10 µL of the calibration standard was removed and placed in a vial, into
which 70 uL of borate buffer (AccQ-Fluor Borate Buffer) was pipetted, followed by vigorous vortexing
for 5 s. Then 20 uL of AQC (AccQ-Fluor Reagent Powder) was transferred into the same vial, which
was vortexed for 10 s and then left at rest for 1 min to terminate the reaction. The whole reaction
volume was transferred to a volume reducer and placed in an oven at 55 ± 1 ◦C for 10 min. Each
5 µL of the injected volume contained 50 pmol of each derived amino acid (except cystine, which is
equivalent to 25 pmol).

2.6. Chromatographic Analysis

The gradient used in the methods was as defined in the Empower™ software. An AccQ.Tag®

chromatographic column measuring 3.9 mm × 150 mm (Waters, Milford, MA, USA) was used, or
alternatively, a Hypersil BDS C18 column (Thermo Scientific, Waltham, MA, USA) measuring 100 mm
× 4.6 mm, with a sample particle size of 2.4 µm.

The chromatographic conditions were: AccQ Tag® column, measuring 3.9 mm × 150 mm (Waters,
USA); BDS Hypersil C18 alternative column, measuring 100 mm × 4.6 mm; pre-column with the same
phase as the column (optional); column temperature of 37 ◦C; injector temperature of 15 ◦C; elution
gradient of mobile phase A, consisting of AccQ Tag® solution (Waters, USA) diluted 1:10 in Milli-Q
water; mobile phase B of acetonitrile; mobile phase C of fresh Milli-Q water; flow of 1.0 mL/min;
fluorescence detector: lexc = 250 nm and lem = 395 nm; standard injection volume of 5 mL; run time of
45 min; delay time of 10 min.

3. Results and Discussion

3.1. Influence of Stream Pretreatment

As can be observed in Figure 1, the best pretreatment for the C. arabica beans was 30 min, causing
a reduction of approximately 60% in the amount of asparagine compared with the sample without
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pretreatment. Figure 2 also shows that the best pretreatment time for C. canephora was 45 min, causing
a reduction of approximately 35% in the amount of asparagine.Beverages 2019, 5, 32 4 of 8 
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Figure 2. Influence of pretreatment with steam in C. canephora.

For coffee, increased acrylamide mitigation could be achieved by incubating the wetted green
beans. Typically, green coffee beans are steamed to decrease the caffeine content. The decaffeination
process is usually carried out by a water or solvent partition system. Firstly, green coffee beans are
steamed to make the caffeine available. Then, a solvent is used to extract the caffeine. Finally, the green
beans are steamed again to remove any residual solvent [27].

The pretreatment with steam was implemented before the enzymatic treatment to ensure sufficient
contact between enzyme and asparagine grains. Theoretically, the green coffee beans have to pass
through the steam to allow the free asparagine to exit the pores. Green coffee beans have a very “tight”
structure, with less than 7% pore volume, an average pore diameter of 10 nm. The diameter of the
enzymes is usually about 5–10 nm, the same as large protein particles [28]. Thus, only a limited part
of the beans can be reached by a relatively large amount of the enzyme. So, to change the internal
structure of the original green coffee beans and better disseminate the asparagine, pretreatment with
steam is required [29].

In a previous study of asparaginase application in coffee, Hendriksen [30] achieved good results
(about 30% and 60% reduction in asparagine for C. canephora and C. arabica, respectively).
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3.2. Analysis of Different Enzymatic Loads

Experiments were carried out to find the best enzymatic load to be used in the two species
studied (C. arabica and C. canephora) for subsequent analysis of the greatest reduction of asparagine.
The enzymatic loads chosen were: 3000 ASNU, 6000 ASNU, 9000 ASNU, 12,000 ASNU and 15,000 ASNU.
There was also a control group with no addition of the enzyme.

The best enzyme to reduce asparagine in both C. arabica and C. Canephora was 3000 ASNU
(Figures 3 and 4). After this load, no significant further reduction was achieved.
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A study by the Association of Applied Biologists [31] also demonstrated varying levels of
acrylamide and asparagine according to the use of different enzyme loads. The highest reduction was
found for an enzyme load of 2000 ASNU and starting at a load of about 4000 ASNU, the reduction of
both asparagine and acrylamide declined asymptotically.

The results showed that the enzyme load of 3000 ASNU reduced the asparagine level of the coffee
by approximately 30%. Also, there was a reduction of approximately the same percentage at the other
loads enzymatic loads evaluated, but with stagnation. Therefore, to optimize the process and also
to reduce the use of resources, we chose a load of 3000 ASNU as the most optimal amount for the
enzymatic treatment of both coffee species.

A recent study showed that both the steaming step and the asparaginase treatment caused a
reduction in free asparagine when the coffee was roasted, which was reflected in acrylamide losses
from 69% to 86% using dosages of 2600–20,000 ASNU, respectively [32]. However, there are no results
demonstrating the sensory profile of the coffee beverage after the enzyme use [33]. Other treatments can
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be associated to the enzymatic ones, as dry processing or moist air velocity, to minimize the degradation
of polyphenols and the antioxidant activity, and to reduce the relative formation of acrylamide in coffee
beans [34] in attempting to find a balance for the quality and safety of the coffee beverage.

4. Conclusions

The results showed the effectiveness of the enzyme asparaginase (Acrylaway™) in reducing free
asparagine in the green coffee beans, in both species (C. arabica and C. canephora). Asparaginase has
become a powerful tool for acrylamide mitigation in the food industry. With the success of commercial
products treated with this enzyme, it is likely that asparaginase will gain more applications in the
food industry.

The steam pretreatment times tested showed effectiveness, however, with different optimal times
(30 min for C. arabica coffee and 45 min for C. canephora). This can be attributed to the different botanical
characteristics and chemical compositions of the two species. Because asparagine is considered the
primary precursor in the formation of acrylamide during the Maillard reaction, its reduction by
the use of enzyme treatment will also reduce the formation of acrylamide when these beans are
roasted. However, studies should be conducted with roasted coffee to prove the potential of enzyme
effectiveness in reducing the formation of acrylamide in coffee beans after they are roasted.

Although the amount of acrylamide has not been analyzed in this project, the most effective
way to reduce acrylamide in heated foods is to reduce the precursor levels in raw food materials.
Since asparagine has been described as the limiting factor for acrylamide formation in coffee, possible
pre-processing mitigation strategies have been focused on asparagine reduction in green coffee beans.

The enzymatic degradation of asparagine present in raw materials previously to the heat processing
by means of asparaginase have been shown to be one of the most promising mitigation strategies in a
variety of foods, including coffee.

Due to the importance of reducing the formation of acrylamide in foods, it is viable to apply the
enzyme asparaginase (acrylaway) in coffee beans, as it has been shown to be effective in reducing its
main precursor in the formation of acrylamide (asparagine) and consequently, acrylamide. There are
also applications in several other types of foods, as indicated by the guide for the food industry.
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