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ARTICLE INFO  ABSTRACT 
 
 

Recently, Brazilian legislation authorized the storage of cachaça in contact with wood fragments. However, 
the practice was admitted exclusively for producing an alternative cachaça, different from the aged one, and 
the differentiation must appear on the label, with words the same size as the brand of the drink. The objective 
of this work was to evaluate the differentiation between stored cachaça containing wood chips and cachaça 
aged in wooden barrels. Samples of oak chips were kept in contact with freshly distilled cachaça in glass 
containers for eight months. Next, chemical analyzes (phenolic content by liquid chromatography) and 
sensory evaluations were carried out. The results demonstrated that exclusive contact with chips makes it 
possible to reproduce the typical chromatographic profile of cachaças aged in oak barrels. However, it does 
not provide the typical reactions of aging, which respond to body and sensory complexity. The authors 
propose that, instead of creating a new type of cachaça, the chips should be classified as process aids, 
authorizing their use directly inside the wooden barrels intended for aging. This way, the handling of used 
barrels would be easier, color adjustment by adding caramel coloring would be unnecessary and producers 
would be encouraged to advance in the scope of standardization and sensorial excellence. 
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INTRODUCTION 
 
Wooden barrels and casks make up the classic setting of cellars 
intended for the maturation and/or aging of distilled beverages. In 
Brazil, cachaça producers use barrels made from various native 
woods, creating a diversity of tones and flavors that, in general 
understanding, enhance the identity and origin of the drink. In 
relevant proportions, they also use imported oak barrels that, in 
general, have already been used in the country of origin. Being barrels 
for second or third use, producers who acquire them deal with certain 
problems, both related to structural damage (generating leaks) and the 
marked evolution of volatile acidity (Maia & Campelo, 2006; Alcarde 
et al., 2014, Tark et al., 2023). In some cases, sulfur odors still occur, 
which come from the conditioning applied to already used and empty 
barrels for maritime transport purposes (Kleinbeck et al., 2011, 
Stadler & Fisher, 2020; Wanikawa & Sugimoto, 2022). Recently, 
Brazilian legislation (MAPA, 2022) opened an important possibility 
to be considered, authorizing the “conditioning of cachaça in contact 
with wood fragments, with the aim of giving it sensorial 
characteristics specific to wood”. In several countries, this practice 
had been accepted since the 1960s and, in France, since the 19th 
century. In 1993, the United States regulated the use of wood 
fragments in winemaking; the same happened in the European 
Community, in 2006 (Singleton & Drapper, 1961, Niu et al., 2017; 
Petrozziello et al., 2021).  

 
In Brazil, oak chips are already used in oenology, with the support of 
many studies on their preparation, application and sensory effects in 
fermented drinks (Barros et al., 2019; Návojská et al., 2012, Hamm et 
al ., 2014; Jordão et al., 2016; Vargas, 2017; Tarancón et al., 2018, 
Dumitriu et al., 2019). There are fewer publications regarding the 
possible use of chips in distilled beverages (Otsuka & Imai, 1964; 
Bortoletto & Alcarde, 2015; Gurung, 2019; Krüger et al., 2022). 
Hundreds of producers who work in small scale and in an agricultural 
environment (referred to as still cachaça) have made efforts to 
improve the sensorial excellence of their cachaça. There is a growing 
movement towards insertion/consolidation of the drink in the 
international market. In this context, they question whether the 
authorization for the use of wood chips is intended exclusively for the 
production of a drink other than cachaça matured and/or aged in oak 
barrels. In fact, the new regulation establish that: 
 

 The use of wood fragments requires the manufacturer to 
declare on the front panel of the label in a clear and 
conspicuous manner, with characters of minimum dimensions 
equal to those used in the product name, the expression: 
packaged with (description of the type of wood fragment ) 
from (name of wood). 

 The label cannot contain any expression that directly or 
indirectly associates the product with the aging process or the 
classification of aged. 

The above reservations lead to the understanding that the use of wood 
chips would be an option applicable exclusively to lower quality and 
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low-cost cachaças. Furthermore, by describing minimum 
requirements for the preparation of “fragments”, assuming that they 
are used raw or roasted, the new regulations lead to the interpretation 
that producers themselves are able to prepare the wooden fragments 
to be introduced into the cachaça – the which is not true (Fan et al., 
2006, Kanakaki et al., 2015, Petrozziello et al., 2021). In this sense, 
the English name of origin “chip” seems more appropriate, referring 
more directly to associations with products obtained from 
standardized procedures, certifiable and traceable criteria. In fact, 
there are already chips of various sizes and shapes on the Brazilian 
market, indicating the origin of the wood and the roasting intensity 
(low, medium or high). Soon after the publication of the new 
ordinance (MAPA, 2022), it was decided to carry out this work, in 
order to contribute to the understanding of the potential of using wood 
chips in the standardization and sensorial quality of still cachaça. 
 

MATERIAL AND METHODS 
 
Oak chips: oak chips were tested from a manufacturer in Chile and 
another from the United States, samples made available by the 
respective sales representatives in Brazil. All of them had the 
information “medium toast” on the packaging. One of them, referred 
to as flakes (C.1) had smaller and more irregular dimensions, with a 
thickness of around 2 mm; the others were mini staves, with 
approximate dimensions of 1.5 cm x 1.0 cm x 0.5 cm (Figure 1). 
 

 
 

Figure 1. Illustrative photos of the chips used: C.1 = chips, C.2, 
C.3 and C.4 = mini staves 

 
The samples were weighed and placed in seven clear glass jars, each 
containing 2 L of the same white cachaça (Table 1). 

 

Table 1. Conditions used in chip testing 
 

Coding  Test conditions 

Supplier Chip Test  Chip 
content(g/L) 

Tinit.  
cachaça  
(oC) 

Note. 

I C.1 A  2,0 (1)  22(2) Aeration 
for 30' after 
mixing 

B  35(3) 
C  45(3) 

C.2 D  2,5(1) 22 (2) - 
E  5,3 

II C.3 F  2,0(1) 
C.4 G  

(1) As recommended by suppliers (2) Room temp.(3)Adjusted at the time of 
mixing (4) 

 
White cachaça, distilled at the end of the 2022 harvest and with an 
alcohol content of 40% vol. (20oC), was made available by a local 
producer. It was chosen based on sensory evaluation (smooth, slightly 
alcoholic, without defects) and proof of compliance with the 
parameters of current legislation (MAPA, 2022). Aeration in pots A, 
B and C during the initial 30 minutes after mixing was done using a 
mini aquarium aerator. All jars were covered and kept on a shelf, in a 
cool environment and protected from light. After eight months, the 
pots were opened, the chips were removed and each sample was 
divided into two aliquots, one for chromatographic analysis (HPLC) 
and the other for sensory evaluation.  
 
HPLC reagents: Glacial acetic acid (Neon), 70% methanol HPLC 
standard (Supelco), Sigma-Aldrich chromatographic standards: gallic 
acid, vanillic acid, vanillin, syringic acid, syringaldehyde, 
sinapaldehyde, coniferaldehyde and ellagic acid. Analysis of phenolic 

compounds: adjusted and previously described methodology (Maia et 
al., 2022), using a Shimadzu SPD-10A chromatograph with UV 
detector (readings at 274 and 375 nm). Most of the phenolics 
analyzed showed maximum absorbance and were quantified at 274 
nm. For sinapaldehyde and coniferaldehyde, quantification took place 
at 375 nm. 
 
Sensory evaluation: Five experienced tasters carried out a blind 
tasting of ten samples, seven of which corresponded to cachaças 
stored with chips (Tests A to G, Table 1) and three were cachaças 
aged in oak and recently awarded in a national competition. Each 
taster completed a structured evaluation form in which they were 
asked to provide descriptive information regarding the appearance in 
the glass (oilness, color, shine and clarity), olfactory evaluation 
(balance, aromatic associations and presence or absence of 
characteristics originating from the wood) and taste evaluation. 
(balance between body, alcohol and acidity, maturity, aromatic 
complexity and possible flavor associations due to the retronasal 
odor). At the end of each evaluation, the tasters classified the samples 
with numerical values, on a scale from 1 (very poor) to 5 (excellent). 

 

RESULTS AND DISCUSSION 
 
Phenolic content: Figure 2 shows results corresponding to samples 
A, B and C – all containing chip C.1 (2.0 g/L) and subjected to 
aeration in the first 30 minutes, varying only the initial temperature of 
the cachaça introduced into the pot. The chromatograms correspond 
to the analysis at 274 nm, but the quantification of peaks 7 and 8 
occurred at 375 nm. 
 

 
 

Figure 1. Test results with chips C.1 (22oC, 35oC and 45oC) 
(a) Chromatographic profiles, (b) Phenolic contents 

 
It is noted that the chromatographic profiles were very similar (Figure 
1-a), with a suggestion of a slight increase in phenolic content in 
cachaças pre-heated at 35oC and 45oC. In fact, the tone developed in 
the first 30 minutes of contact was slightly different; after six months, 
however, they were practically identical (see section 3.3). The total 
phenolic contents were 27.2 mg/L, 29.6 mg/L and 32.0 mg/L for pots 
A, B and C, respectively.  The data referring to chip C.2 (pots D and 
E) can be found in Figure 2. Due to the masses of chips applied (2.5 
g/L and 5.3 g/L), it was expected that the levels of each phenolic 
would maintain a ratio of around 0.47. However, there were marked 
divergences, especially in the case of gallic (0.24) and ellagic (0.33) 
acids. Investigating the possible origin of the deviation, it was noted 
that, unlike the others, the C.2 chips had been made available 
individually inside small envelopes, of which a small fraction had 
been opened. When opening the other envelopes, marked differences 
were noticed in the tone and porosity of each mini stave, allowing us 
to infer that each one came from different fractions of the wood, such 
as heartwood or sapwood (Louzada et al., 2009) or even from 
different production batches. Having used a small number of mini 
staves in each pot, possible differences in the origin of the chips 
determined the divergences observed. Total phenolics were 17.0 
mg/L and 67.4 mg/L (pots D and E, respectively). 
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In Figure 3 are the chromatographic profiles of samples subjected to 
the same standard treatment, both coming from the same supplier, 
differentiated according to the oak variety, according to the 
information contained on the packaging: one corresponding to 
American oak (Quercus alba) and the other to Eu
petraea). Being differentiated in terms of oak variety and 
geographical origin, it would be natural to find greater variation 
between the levels of each phenolic. However, the chromatograms 
were very similar, even allowing us to assume that 
belonged to the same batch. The total phenolic contents were 36.7 
mg/L and 32.0 mg/L, that is, they were in the same order of 
magnitude as the pots stored with C.1 chips. In previous work, Maia 
et al. (2022) analyzed the phenolic contents in 
distillates aged in oak, including cachaças and whiskeys. The results 
showed, in all cases, the predominance of ellagic acid (7.9 to 71.1 
mg/L), followed by gallic acid (2.4 to 30.6 mg/L) and syringaldehyde 
(1.4 to 27.2 mg/L). Total phenolics ranged between 20.6 and 132.1 
mg/L.Therefore, it can be concluded that, after eight months of 
storage, all chips provided the chromatographic profiles and phenolic 
levels consistent with oak wood of the beverage storage barrels.
 
Sensory tests: All tests with chips (samples A to G) resulted in clear 
and shiny cachaças (Figure 4), having developed the typical oiliness 
on the internal surface of the glasses. The three samples added with 
C.1 chips, all at a rate of 2 g/L (A, B, C) provided a much more 
pronounced tone than that of C.2 chips, when tested at a content of 
2.5 g/L ( D) and similar to C.2 chips (E) when tested at 5.3 g/L. The 
samples corresponding to the C.3 and C.4 chips (F,G) developed a 

Figure 2. Test results with C.2 chips (2.5 g/L and 5.3 g/L) (a) 

Figure 3. Test results with C.3 (American) and C.4 (European) chips (a) Chromatographic profiles, (b) Phenolic contents

Figure 4. Photos of cachaça stored in contact with chips (A to G) and of a commercial cachaça
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samples subjected to 
the same standard treatment, both coming from the same supplier, 
differentiated according to the oak variety, according to the 
information contained on the packaging: one corresponding to 
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lower tone than the C.1 chips and differed from each other, with the 
American chips (F) being slightly more accentuated than the French 
chips (G). In comparison with cachaça aged in oak barrels (aged), C.1 
chips corresponded to the most similar tone.It is 
among 17 samples of cachaça and whiskey previously analyzed, the 
tone was more uniform, although the phenolic content varied over a 
wider range (Maia et al., 2022). This observation suggests the 
practice of adjusting the tone through the
which, in our opinion, should be discouraged: the phenolics in oak (as 
well as in several other woods used in cooperage) are agents widely 
valued for their nutraceutical properties (Caleja 
al., 2013; Soto-Vaca et al, 2012).
considered smooth and pleasant, devoid of defects, but with little 
association with oak. In terms of flavor (including retronasal odor), 
they were evaluated as lacking body and maturity. On a scale of 1 to
5, scores ranged between 3.2 and 3.6. The highest score was given to 
sample E (with 5.3 g/L of chips), due to the odor most associated with 
oak; however, the flavor was evaluated as slightly peppery and spicy, 
which may be associated with the high ellagic
samples of cachaças aged in oak, tasted blindly and interspersed with 
the others, were described as harmonious, odor clearly reminiscent of 
oak, velvety palatability, with buttery touches, slightly smoked, floral, 
fruity (banana, plum, coconut), in addition to associations with 
vanilla, chestnut, chocolate and honey, varying depending on the 
brand evaluated. Thus, it became clear that, despite the delicate 
evolution of odor and flavor, the cachaça samples stored exclusively 
with chips proved to be devoid of sensorial complexity and could be 
referred to as “wood extracts”. These results corroborate the 

 

Test results with C.2 chips (2.5 g/L and 5.3 g/L) (a) Chromatographic profiles, (b) Phenolic contents
 

 
Figure 3. Test results with C.3 (American) and C.4 (European) chips (a) Chromatographic profiles, (b) Phenolic contents

 

 
Photos of cachaça stored in contact with chips (A to G) and of a commercial cachaça aged in oak and awarded in a national blind tasting 

competition 
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lower tone than the C.1 chips and differed from each other, with the 
American chips (F) being slightly more accentuated than the French 
chips (G). In comparison with cachaça aged in oak barrels (aged), C.1 
chips corresponded to the most similar tone.It is worth noting that, 
among 17 samples of cachaça and whiskey previously analyzed, the 
tone was more uniform, although the phenolic content varied over a 

., 2022). This observation suggests the 
practice of adjusting the tone through the addition of caramel coloring 
which, in our opinion, should be discouraged: the phenolics in oak (as 
well as in several other woods used in cooperage) are agents widely 
valued for their nutraceutical properties (Caleja et al., 2017; Rio et 

, 2012). In terms of odor, they were all 
considered smooth and pleasant, devoid of defects, but with little 
association with oak. In terms of flavor (including retronasal odor), 
they were evaluated as lacking body and maturity. On a scale of 1 to 
5, scores ranged between 3.2 and 3.6. The highest score was given to 
sample E (with 5.3 g/L of chips), due to the odor most associated with 
oak; however, the flavor was evaluated as slightly peppery and spicy, 
which may be associated with the high ellagic acid content. The three 
samples of cachaças aged in oak, tasted blindly and interspersed with 
the others, were described as harmonious, odor clearly reminiscent of 
oak, velvety palatability, with buttery touches, slightly smoked, floral, 

lum, coconut), in addition to associations with 
vanilla, chestnut, chocolate and honey, varying depending on the 

Thus, it became clear that, despite the delicate 
evolution of odor and flavor, the cachaça samples stored exclusively 
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aged in oak and awarded in a national blind tasting 

November, 2023 



consolidated understanding that there is a distinction between the 
reduced number of structures (predominantly phenolic) that are 
extracted from wood and the diversity of structures that characterize 
sensory evolution during aging (Conner et al., 2023, Liu et al., 2014, 
Zhang et al., 2013, Kelly et al., 2023, Kew et al., 2016., Namara et 
al., 2001). Hundreds of compounds are formed from interactions of 
ethanol with secondary compounds arising from fermentation 
(aliphatic) and wood (phenolics), in addition to interactions of 
secondary compounds with each other. The levels are very low, 
requiring special pre-extraction techniques (liquid-liquid or solid-
liquid) so that they can be quantified. Therefore, although they come 
from compounds that can be routinely analyzed in quality control, 
they have little effect on the results of these analyzes over time 
(Robles, 2018): there is no loss in the nutraceutical functions of the 
phenolics in each wood. In particular, they involve oxidation 
reactions of fermentation and wood aldehydes to their respective 
acids, followed by esterification between alcohols and acids (aliphatic 
and phenolic), generating hundreds of aging marker compounds. 
Esters are formed (aliphatic, phenolic and mixed) that incorporate 
most of the aroma's associations with flowers, fruits, herbs and spices 
– which are valued as references of maturity and nobility. In fact, 
corroborating this statement, it is worth noting that the presence of 
0.001 micrograms/L (10-9 g/L) of a compound with a molecular 
weight of 300 g corresponds to 2 x 1012 molecules/L – an order of 
magnitude compatible with certain mechanisms of our olfactory 
capacity (Zulfall & Zulfall, 2000). Finally, in addition to the low 
sensorial complexity, the evaluation described as “absence of body” 
in cachaça stored with chips also denounces the lack of the final stage 
of maturation, which is the formation of molecular aggregates 
(clusters) that give the drink the effect associated with of viscosity, 
consistency and sensory balance: body (Ferreira et al., 2006; 
Morishima et al., 2018). Using light scattering (DLS) and X-ray 
(SAXS) methods, Morishima et al. (2018) assessed that the 
maturation and progressive nobility of whiskeys came from the 
progressive increase in the number of clusters for up to ten years or 
more of storage. Here, the term applies to specific three-dimensional 
arrangements involving water and ethanol molecules around phenolic 
acids. Clusters can have different conformations and sensory effects, 
depending on the degree of variety of phenolic structures and their 
contents (Nose & Hojo, 2006; Morishima et al., 2018). 

 

CONCLUSION 
 
By inserting oak chips (in the range of 2.0 to 5.3 g/L) into white 
cachaça kept in glass jars, it was possible to detect the phenolic 
compounds typical of oak after eight months of storage, in 
proportions compatible to those found in cachaças aged in oak 
barrels. However, in the sensory evaluation, the cachaças stored with 
chips were considered to be devoid of body and sensory complexity. 
Therefore, the addition of chips to cachaça is not enough to make it 
equivalent to cachaça aged in wooden barrels. This finding leads us to 
question the wording of the recently approved law, which defines 
separately cachaça aged in wooden barrels and cachaça stored in 
contact with wood chips. It is known that, after the first use, there is a 
marked loss in the phenolic content extractable from the wood of the 
barrels. Third-use barrels practically do not color the cachaça, forcing 
the producer to dismantle each barrel in order to roast the staves again 
(a laborious practice that requires knowledge and expertise). The 
other option is to correct the shade of the drink by adding caramel 
coloring. Provided by legislation, this practice makes it possible to 
standardize the color of the final drink. But it does not correct the fact 
that the weakened color at the end of aging reveals a phenolic content 
below the standard of drinks aged in first-use barrels. In this context, 
instead of creating a lower quality cachaça (with chips added), it 
would be wiser to authorize the introduction of chips into traditional 
wooden barrels and/or barrels, as supporting elements in the process 
and without the need to highlight this practice on the labeling. This 
measure could enable refill of the barrels successively (without the 
need of dismounting for revitalization) by exchanging and increasing 
the chip content progressively at each beverage recharge in an 
estimated range between 0.5 g/L and 5 g/L. If a 300 L barrel has a 

mass around 40 kg, the wood mass corresponds to about 133 grams 
per liter of cachaça stored. Therefore, even applied in the order of 5 
g/L chips would still correspond to less than 5% of the barrel mass. 
But adding immense potential in terms of sensorial evolution and 
effective standardization, eliminating the need to adjust the color with 
caramel coloring and increasing safety and effectiveness in quality 
control. The next step, no less important, consists of establishing 
standards and criteria for the production and certification of wood 
chips, avoiding attempts at fraud and adulteration. 
 

REFERENCES 
 
Alcarde, A.R., Souza, L.M., Bortoletto, A.M. 2014. Formação de congêneres 

voláteis e relacionados à maturação durante o envelhecimento da cachaça 
em barris de carvalho. https://doi.org/10.1002/jib.165 

Barros, A.P.A., Silva, A., S, Silva IS, Nunes GS, Correa LC, Biasoto 
ACT, Druzian JI. 2019. Influência da adição de chip de carvalho francês 
no perfil de compostos fenólicos do vinho base para espumante Viognier 
branco. XVI Congr. Latinoamer. Viticult. Enologia.  https://ainfo.cnptia. 
embrapa.br/digital/bitstream/item/210194/1/Influencia-da-adicao-de-chip-
de-Carvalho-frances-2019.pdf 

Bortoletto, A., Alcarde, A.R. 2015. Aging marker profile in cachaça in 
influenced by toasted oak chips. J. Inst. Brew. 121: 70-77. 
https://onlinelibrary.wiley.com/doi/epdf/10.1002/jib.202 

Caleja C, Ribeiro A, BarreiroMF& Ferreira ICFR 2017. Phenolic compounds 
as nutraceuticals or functional food ingredients. Curr. Pharm. Des. 
23(19): 2787-2806. 

Conner JM, Paterson A & Piggott JR 2023. Interactions between ethyl esters 
and aroma compounds in model spirit solutions. Compr. Rev. Food Sci. 
Food Saf. 22(1):502-534.  doi: 10.1111/1541-4337.13080.  

Dumitriu GD, Teodosiu C, Gabur I, Cotea VV, Peinado RA, Lerma, LN 2019. 
Evaluation of aroma compounds in the process of wine ageing with oak 
chips. Foods 8(12): 662.doi:  10.3390/foods8120662 

Fan W, Xu Y, Yu A. 2006. Influence of oak chips geographical origin,toast 
level, dosage and aging time on volatile compounds of apple cider. J. Inst. 
Brew. 112(3): 255-263. https://doi.org/10.1002/j.2050-0416. 2006. 
tb00721.x 

Ferreira V, Jarauta I, Cacho J 2006. Physicochemical model to interpret the 
kinectics of aroma extraction during wine aging in wood. Model 
limitations suggest the necessary existence of biochemical processes. J. 
Agric. Food Chem. 54: 3047-3054. https://doi.org/10.1021/jf052534v 

Gurung G. 2019. Effect of wood chips in maturation of finger millet whiskey. 
Central Dep. Food Technology. Inst. Science and Technology, Tribhuvan 
University (Thesis Ms). https://cdftdharan.edu.np/wp-content/uploads/ 
2020/05/Gaurav-Gurung.pdf 

Hamm TB, Kohn RAG, Pinto EP, Lucchetta L,Manfroi V,Rombaldi CV 2014. 
Use of alternative oak in the maturation of Cabernet Sauvignon wines.  
Sci. Electronic Arch. 6: 81-89.  

Jordão AM, Correia AC, Mari A, Lozano VM, San José MLG 2016. 
Utilização de fragmento de madeira na evolução de variáveis fenólicas e 
sensoriais num vinho tinto. Rev. Bras. Vitic. Enol. 8: 98-106. 

Kanakaki E,  Siderakou D, Kallithraka S, Kotseridis Y, Makris D P. 2015. 
Effect of the degree of toasting on the extraction pattern and profile of 
antioxidant polyphenols leached from oak chips in model wine systems. 
Eur. Food Res. Technol. 240: 1065-1074. doi 10.1007/s00217-014-2410-x 

Kelly TJ, O´Connor C, Kilcawley KN (2023). Sources of volatile aromatic 
congeners in whiskey. Beverages, 9 (3): 64.  https://doi.org/10.3390/ 
beverages9030064 

Kew W, Goodall I, Clarke D, Uhrín D. 2017. Chemical diversity and 
complexity of scotch whisky as revealed by high-resolution mass 
spectrometry. J Am Soc Mass Spectrom. 28 (1):200-213. doi: 10.1007/ 
s13361-016-1513-y.  

 Kleinbeck, S, SchäPerM, Juran SA, KiesswetterE, Blaszkewicz M, GolkaK, 
 Zimmermann A, BrüNing T, Thriel, C 2011. Odor thresholds and 
breathing changes of human volunteers as consequences of sulphur 
dioxide exposure considering individual factors. Saf. Health Work2(4): 
355–364. doi: 10.5491/SHAW.2011.2.4.355 

Krüger RT, Alberti A, Nogueira A 2022. Current technologies to accelerate 
the aging process of alcoholic beverages: a review. Beverages 8: 65. 
https://doi.org/10.3390/beverages8040065 

Laaksonen O 2011. Astringent food compounds and their interactions with 
taste properties https://www.utupub.fi/bitstream/handle/10024/ 
72464/diss2011Laaksonen.pdf?sequence=1 

LiuJ,  Shao C, Zhang Y, Shi G & Pan S 2014.  Copper-catalyzed highly 
efficient ester formation from carboxylic acids /esters and formate. Org 
Biomol. Chem. 12: 2637-40.   doi: 10.1039/c4ob00193a. 

Louzada JL, Knapic S, Pereira H 2009. Variação das componentes da 
densidade entre e dentro das árvores de Quercus faginea . Universidade de 

64233                                                                          Amazile Biagioni Maia et al. Wood chips and cachaça aging 
 



Trás-os-Montes e Alto Douro. https://www.repository.utl.pt/bitstream/ 
10400.5/1709/1/REP-H.Pereira-4.pdf 

Maia AB 2021. Papel da madeira no envelhecimento da cachaça.RECIMA21 
(2): 8.  https://doi.org/10.47820/recima21.v2i8.682 

Maia AB, Marinho LS, Carneiro FMB, Tonidandel LO 2022. Certificação do 
carvalho no armazenamento de bebidas destiladas. RECIMA21, 3(2).  
https://doi.org/10.47820/recima21.v3i2.1189 

Maia, AB, Campelo, EP 2006. Tecnologia da cachaça de alambique. Belo 
Horizonte, Fiemg/SindBebidas. ISBN 85-86428-53-1 

Maia, AB, Carneiro FMB, Tonidandel LO, Conceição EC, Machado BD, 
Marinho LS. 2022. Parâmetros para certificação de madeiras empregadas 
no armazenamento da cachaça. Res. Soc. Develop., 11(15). doi: 
http://dx.doi.org/10.33448/rsd-v11i1535793 

MAPA 2022. Portaria no539 de 28/06/22. Estabelece os Padrões de identidade 
e Qualidade da aguardente de cana e da cachaça. https://www.gov.br/ 
economia/pt-br/acesso-a-informacao/reg/ Selo%20de%20Boas%20 
Praticas%20Regulatorias/2022/selo-ouro/mapa-portaria-mapa-ndeg-539-
2022 

Morishima K, Nakamura N, Matsui K, Tanaka Y, Masunaga H, Mori S, 
Iwashita T, Li X,Shibayama M. 2018. Formation of clusters in whiskies 
during the maturation process. J. Food Sci. 17. doi: 10.1111/1750-
3841.14398 

Namara K, Wyk CJ, Augustyn OPH, Rapp A 2001. Flavour components of 
whiskey. Ageing changes in the high volatility fraction. J. Afr. J. Enol. 
Vitic., 22(2). https://www.bostonapothecary.com/wp-content/uploads/ 
2014/10/flavour-components-of-whiskey-II.pdf 

Návojská J, Brandes W, Nauer S, Eder R, Francáková H 2012. Influence of 
different oak chips on aroma compounds in wine. J. Microbiol. 
Biotechnol. Food Sci. 1(4): 957. 

NiuM, HuangJ, Jin Y, Wu C, Zhou R  2017. Effect of oak matrix (barrel and 
toasted chips) on the volatiles in Goji (Lycium Chinese) wine. 
 https://doi.org/10.1002/jib.471 

Nose A, Hojo M. 2006. Hydrogen bonding of water–ethanol in alcoholic 
beverages. J. Biosci.Bioeng. 102(4): 269–280. https://doi.org/10.1263/ 
jbb.102.269 

Otsuka KI, Imai S 1964. Studies on the mechanism of aging of distilled 
liquors: Part I. On phenolic compounds from oak wooden chips.  Agric. 
Biol. Chemistry 28(6): 356-362.  https://doi.org/10.1080/00021369. 
1964.10858256 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Petrozziello M, Nardi T, Asproudi A,Cravero MC, Bonello F (2021). 
Chemistry and technology of wine aging with oak chips. In: Chemistry 
and biochemistry of winemaking, wine stabilization and aging. 
http://dx.doi.org/10.5772/intechopen.93529. 

Rio D,Mateos AR, Spencer JPE, TognoliniM, Borges G,Crozier A 
(2013). Dietary (poly)phenolics in human health: structures, 
bioavailability, and evidence of protective effects against chronic diseases. 
 Antioxidants& Redox Signaling 18(14):1818–1892. doi: 10.1089 / 
ars.2012.4581  

Robles IG 2018.  Flavour interaction between “estery” abd “mature/woody” 
characters of whisky, bourbon & tequila. 305 p. In: https://www. 
researchgate.net/publication/328601293 

Singleton VL, Draper DE. 1961. Wood chips and wine treatment. The nature 
of aqueous alcohol extracts. Am. J. Enol. Vitic. 12: 152-158.doi: 
10.5344/ajev.1961.12.4.152 

Soto-Vaca A, Gutierrez A, Losso, JL, Xu Z, Finley JW. 2012. Evolution of 
phenolic compounds from color and flavor problems to health benefits. J. 
Agric. Food Chem. 60: 6658-6677. doi:10.1021/jf300861c  

  Stadler, ECK, Fischer U 2020. Sanitization of oak barrels for wine – a 
review. J. Agric. Food Chem. 68 (19): 5283–5295. doi:10.1021/ 
acs.jafc.0c00816 

Tarancón CC, Gómez SR, Salinas MR, Alonso GL, Oliva J, Zalacain A 2018. 
Toasted vine-shoot chips as enological additive. Food Chem. 263: 96-103. 

 Tarko T,  Krankowski F &Chodak AD(2023). The Impact of Compounds 
Extracted from Wood on the Quality of Alcoholic Beverages. Molecules 
28(2): 620. https://doi.org/10.3390/molecules28020620 

Vargas, FJ 2017. Influência de chips de carvalho em diferentes épocas de 
aplicação e tempo de relação sobre vinhos Chardonnay da região da 
campanha gaúcha. 64 f. TCC- Graduação). Dom Pedrito, Univ. Fed. 
Pampa. https://repositorio.unipampa.edu.br/jspui/handle/riu/2802 

Wanikawa A, Sugimoto T 2022. A narrative review of sulfur compounds in 
whisk (e)y. Molecules27(5):1672. doi: 10.3390/molecules27051672. 

Zhang C, Feng P, Jiao N 2013. Cu-catalyzed esterification reaction via aerobic 
oxygenation and C-C bond cleavage: an approach to α-ketoesters. J. Am. 
Chem. Soc., 135 (40): 15257–15262. https://doi.org/10.1021/ja4085463 

Zufall F & Zufall TL 2000. The cellular and molecular basis of odor 
adaptation chemical senses, 25 (4): 473–481.  https://doi.org/10.1093/ 
chemse/25.4.473 

 
 

 ******* 

64234                                    International Journal of Development Research, Vol. 13, Issue, 11, pp. 64230-64234, November, 2023 
 


