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ABSTRACT 

The morphology and structure of lignin in French oak, American oak and Chinese Mongolian oak
were observed and compared by scanning electron microscopy (SEM). The results showed that the
surface of lignin after enzymatic hydrolysis was more irregular and the contact area was obviously
increased. GC-MS detected 3 kinds of lignin, 4 kinds of components and 30 kinds of volatile
substances. The lignin content of French oak was the highest (8911.5 ± 512.2 μg/L, 29 kinds),
followed by that of American oak (8071.7 ±541.9 μg/L, 26 kinds), and that of Mongolian oak was the
least (7903.3 ± 492.5 μg/L, 26 kinds). The results of aroma characteristics analysis, principal
component analysis and heat map analysis showed that the aroma components of the three kinds
of oak lignin were significantly different. French oak lignin could provide more volatile phenols, with
obvious smoky, woody and sweet flavor. Mongolian oak lignin carries more phenolic and ester
compounds, providing a relatively soft floral, fruity flavor. American oak lignin has a relatively average
aroma substance content, which can bring strong and complex complex aroma characteristics. 
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1. INTRODUTION 

The oak genus Fagaceae (Quercus L.) is also known as quercus. It grows in Europe, Asia, America 
and other regions, and is commonly found in the North temperate zone [1]. The original use for wine 
aging dates back to the Roman Empire. For hundreds of years, because oak can significantly improve 
the taste and quality of wine, it has been used as a material for wine storage containers and has been 
widely used in various regions[2]. The common oak products are mainly from American white oak 
(Q. alba), summer oak (Q. robur), and the stem oak (Q. petraea), the former is generally called 
American oak and the latter is called French oak. In addition, many types of oak are used to make 
oak products such as Portuguese oak (q.foinea) and Hungarian oak (q.fonetto)[3]. In China, Q. 
mongolica, Liaodong Quercus and Cyclobalanopsis quercus are used for aging research [4]. 

Lignin is a high molecular weight amorphous aromatic polymer[5]. Lignocellulose is composed of 
cellulose and lignin, lignin is the second most abundant component of lignocellulose after cellulose, 
and the global annual production is about 20 billion tons. Lignin is usually composed of three subunit 
structures: p-hydroxyphenylpropane (H), guaiacyl (G), and syringyl (S)[6]. In the lignin network, 
monomers of coumarol, coniferol and sinapol are randomly constructed by intermolecular C-C and 
C-O bonds[7]. The depolymerization of lignin into small molecule compounds is an important step 
to realize its value, and the lignin depolymerization mainly includes three methods: biological 
method[8], chemical method and physical method[9]. Biological depolymerization is the use of lignin 
degrading enzymes and other additives to break the connections between lignin molecules, 
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environmental protection and high selectivity of target products. lignin degrading enzymes mainly 
include three kinds of enzymes: lignin peroxidase (LiP), mangnase peroxidase (MnP), laccase (Lac), 
lignin peroxidase (LIP), Mangnase peroxidase (MNP), and Laccase (LAC). These three lignin 
degrading enzymes can degrade lignin alone, in combination with each other, or in combination with 
all three enzymes[10]. All the three enzymes are extracellular enzymes[11]. LiP can catalyze the 
oxidation of aromatics and the breaking of C-C bonds (ring opening and side chain breaking). MnP 
can catalyze the oxidation of phenolic compounds and the break of C-O bond. Lac can also catalyze 
the oxidation of various compounds and the break of C-C bond[12]. 

In this experiment, the structural differences of lignin before and after enzymatic hydrolysis were 
observed by scanning electron microscopy and gas chromatography-mass spectrometry (GC-MS) 
was used to analyze the volatile components of lignin extracted from American oak, French oak and 
Mongolian oak after enzymatic hydrolysis. To provide theoretical support and reference for oak in 
research and use. 

2. MATERIALS AND METHODS 

2.1. Materials and instruments 

French oak chips (Q. acutissima Caruth), American oak chips (Q. alba), Mongolian oak chips (Q. 
mongolica Fisch) are provided by Gaomi Xincheng Oak Barrel Co., LTD.Anhydrous ethanol, glacial 
acetic acid, sodium acetate, dioxane, methanol Sinopharm Group Chemical Reagent Co., LTD. 2-
octanol was purchased from Shanghai Maclin Biochemical Technology Co., LTD. Lignin peroxidase 
(294 U/L) and manganese peroxidase (301 U/L) were purchased from Shanghai Yuanye 
Biotechnology Co., LTD. Laccase (322 U/L) was purchased from Sigma-Aldrich. 
Soxhlet extractor; LY-645C Precision Oven: Guangdong Liyi Technology Co., LTD. Himac CR 22N 
High Speed refrigerated centrifuge: Japan Co., LTD. RE-52AA rotary evaporator: Shanghai Yarong 
Biochemical Instrument Factory; Freeze dryer: UNIEQUIP, Germany; Vibrating cell level ultrafine 
mill: Jinan Da Micromachinery Co., LTD. HP-5 column (30 m×250 μm×1 μm) : Agilent Corporation; 
7890B Gas Chromatograph: Agilent Corporation, USA; 5977B Mass Spectrometer: Agilent 
Corporation, USA; PHS-3C pH meter: Shanghai Leimi Co., LTD. Ultraviolet spectrophotometer: 
Shanghai Angla Instrument Co., LTD. 

2.2. Experimental methods 

2.2.1. Lignin extraction 

The oak pieces were superfine crushed and screened over 20 mesh to obtain oak powder. The oak 
powder was wrapped in filter paper, placed in Soxhlet extractor and extracted with ethanol for 6 h. 
The sample of degreased and dewaxed oak powder was obtained by drying the filter residue at 40 ℃. 
Weigh 10 g degreased dewaxed oak powder into 250 mL conical bottle, add 1.5 g cellulase, add 100 
ml Buffer. After enzymolysis at 48 ℃ for 3 days, the sample solution was centrifuged, the supernatant 
was removed, and 100 ml enzyme solution was added to the precipitation for 2 days, and the 
enzymolysis was repeated for a third time[13]. Centrifuge the sample solution after 7 days of 
enzymatic hydrolysis, remove the supernatant, add 100 mL sterile water to stir well, and remove the 
supernatant by centrifugation for three times. Add 100 mL dioxane solution, stir for 16 h, centrifuge 
and collect the supernatant in 500 mL triangle bottle, and repeat for 3 times to collect samples[14]. 
The collected sample liquid was steamed, frozen at -80 ℃, and freeze-dried until solid to obtain lignin. 

2.2.2. Enzymatic hydrolysis and aroma extraction of lignin 

Configure 1 mg/L lignin solution to adjust pH to 5. The lignin solution was absorbed from 1 mL to 2 
mL in a centrifuge tube, and 10 μL lignin peroxidase, manganese peroxidase and laccase were added 
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and enzymolized at 30 ℃ for 8 h. After enzymatic hydrolysis, dry and add chromatographic pure 
methanol (1 mL). The samples were ultrasonically extracted for 30 min, centrifuged at 10000 rꞏ Min-

1, and the supernatant was obtained, and 20 μL of 2-octanol with a concentration of 1 mg/L was added 
as the internal standard for GC-MS analysis[15], and two groups were repeated. 

2.2.3. Scanning electron microscope analysis 

The morphology of the lignin was observed by scanning electron microscopy (SEM) after drying, 
and the lignin was treated with gold spray. Resolution: 0.8 mm@1KV; Magnification: 100 ~ 300000X; 
Acceleration voltage: 1KV ~ 20KV; Spectral undetectable elements: H, He, Li, Be, B. 

2.2.4. GC-MS analysis 

GC: HP-5 column (30 m×250 μm×1 μm); Gas chromatograph inlet temperature: 250 ℃, carrier gas 
was helium, flow rate 1mL/min; The sample size was 1 μL and the shunt ratio was 6:1. Heating 
procedure: the initial temperature of the column temperature box was 50 ℃, maintained for 2 min, 
then increased to 82 ℃ at 4 ℃ꞏmin-1, then increased to 122 ℃ at 10  ℃ꞏmin-1, and continued to rise 
to 170 ℃ at 4 ℃ꞏmin-1, maintained for 5 min. Then the temperature rose to 280 ℃ at 8  ℃ꞏmin-1 
and held for 5.25 min. 

MS conditions: electron ionization (EI) source, electron energy 70 e V; Ion source temperature 230 ℃; 
Quality scanning range 30m/z: 30-350; Solvent removal time: 3 min. 

Qualitative analysis: Mass spectrograms of unknown objects to be determined were matched and 
searched in the standard spectrum library (NIST14), compounds with matching factor greater than 80 
were retained, and RI reported in literature were compared and identified[16]. 

RI=100n+100[(RT-RTn)/(RTn+1-RTn)] 

In the formula, n and n+1 are the number of carbon atoms of normal alkane before and after the peak; 
RTn and RTn+1 are the normal alkane retention time before and after the retention time of the 
component to be measured, respectively. 

Quantitative analysis: Quantitative analysis with internal standard method. According to formula (1) :  

 

C /(μg/L)= (Peak area of the object to be measured×C1×V1)/(Internal standard peak area×m1)  (1) 

In the formula, C are Compound mass concentration; C1 are internal standard mass concentration; V1 

are internal standard volume; m1 are sample mass to be measured. 

2.2.5. Aroma component evaluation method 

Odor activity value (OAV) method was used to analyze the relative contribution of certain aroma 
components to lignin overall aroma in terms of aroma content and aroma threshold. Aroma 
components with OAV > 1 significantly contributed to the overall aroma, and the higher the OAV 
value, the greater the contribution. OAV < 1 was considered to have a potential contribution to the 
overall aroma. OAV is the ratio of the aroma component content (C) to the odor threshold (T). 
According to formula (2) : 

 

OAV= C/T                                      (2) 

2.3. Data processing 

GraphPad Prism 9.5.1 was used to map and process the obtained basic data, IBM SPSS Statistics 20.0 
software was used to conduct multivariate analysis of variance (Duncan's method, P<0.05), and 
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aroma data were analyzed by aroma analysis, PCA analysis and heat map analysis. The result of 
aroma substance content is expressed as ±s. 

3. RESULTS AND DISCUSSION 

3.1. Observation and analysis by scanning electron microscope 

 

Figure 1. Scanning electron microscopy lignin digestion results 
 

Note :A and C are unenzymolysis lignin; B and D are enzymolysis lignin. 

Scanning electron microscopy can observe the changes and differences in the morphology and 
structure of substances. It can be seen from Figure 1 that the surface of lignin without enzymatic 
hydrolysis is smooth and wrinkle-free, and its shape is relatively regular. The lignin as a whole was 
in the shape of polymerized large particles, maintaining a complete geometry. The surface of lignin 
after enzymatic hydrolysis has more folds and cracks, which can effectively increase the unit contact 
area and dissolved oxygen volume. The chemical bonds between lignin are broken, splitting into 
many small particles, which can also increase the overall surface area. The surface of lignin treated 
by enzymatic hydrolysis becomes more irregular, and the lignin is decomposed into many small 
particles, which increases the contact area and improves the dissolved oxygen effect. 

3.2. Analysis of volatile components of lignin by enzymatic hydrolysis 

A total of 30 volatile substances were detected from three kinds of oak lignin by GC-MS, including 
6 volatile phenols, 9 phenolic, 9 ester and 6 other substances. A total of 29 aroma substances were 
detected in lignin of French oak, including 6 volatile phenols, 9 phenolic substances, 9 ester 
substances and 5 other substances. A total of 26 aroma substances were detected in American oak 
lignin, including 6 volatile phenols, 9 phenolics, 6 esters and 5 others. A total of 26 aroma substances, 
including 6 volatile phenols, 9 phenolic substances, 6 ester substances and 5 other substances, were 
detected in lignin species of Quercus mongolica. The lignin content of French oak was the highest 
(8911.5 ± 512.2 μg/L), which was 1.1 times (8071.7 ±541.9 μg/L) and 1.13 times (7903.3 ± 492.5 
μg/L) of American oak and Mongolian oak. Literature has shown that oak aroma is mostly derived 
from the volatile aromatic substances produced by lignin cracking[17], variety, origin[18,19], 
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processing methods[20] and other factors related to oak aroma. The lignin aroma components of three 
kinds of oak showed significant difference (P<0.05). 

3.2.1. Volatile phenols 

Table 1. Volatile phenolic compounds in lignin of 3 oak species 

Number RI 
Aroma 

component 
Threshold 

value /(μg/L) 

contentα/ (μg/L) 

French oak 
American 

oak  
Mongolian 

oak 
A1 1170 Guaiacol 9.5 202±11.2a 188.4±9.5b 164.4±7.6c 
A2 1190 4-methylguaiacol 20 93.8±4.3a 44.7±4.4c 64.5±2.7b 
A3 1316 4-ethyl guaiacol 33 168.2±8.8a 99.7±6.9b 67.7±4.3c 
A4 1362 eugenol 6 236.5±13.1a 204.6±15.4b 142.5±9.3c 

A5 1512 
2, 4-di-tert-
butylphenol 

200 169.3±9a 49.3±5.1b 46.8±4.6c 

A6 1604 
4-allyl-2, 6-

dimethoxylphenol 
1200 573.1±22.5a 562.3±16.8b 379.1±17.2c 

total 1442.9±68.9a 1149±58.1b 865±45.7c 
Note: 2-octanol was the internal standard for α-quantification. The lower case letters of the same 
shoulder mark indicated significant difference (P<0.05) ; - Not detected; / Not found; See Table 1-4. 

 

During the degradation of lignin, volatile phenolic substances will be produced, and more phenolic 
substances will be immersed in the aging process of wine[21]. Phenolic substances will bring unique 
odor and are an important volatile aroma component[22]. Table 1 shows that the content of volatile 
phenols in lignin of French oak is higher than that of American oak lignin and Mongolian oak lignin. 
Compared with French oak, the lignin content of American oak and Mongolian oak decreased by 
20.4% and 40.0%, and the total lignin content of the three oak trees was significantly different 
(P<0.05). Three kinds of guaiacol and its alkyl derivatives were detected (4-methyl guaiacol, 4-ethyl 
guaiacol). Guaiacol has a distinctive smoky and roasted aroma[23], while its alkyl derivatives have a 
more pronounced herbal aroma[24]. Eugenol substances have sweet, woody and medicinal aroma[25], 
and are important aroma compounds in brandy. Eugenol is the main product of lignin degradation, 
and the difference of its content may be one of the reasons for the difference of different oak trees. 

3.2.2. Phenolic substances 

Table 2. Phenolic compounds in 3 kinds of oak lignin 

Number RI Aroma component 
Threshold 

value / 
(μg/L) 

contentα/ (μg/L) 

French oak American oak Mongolian oak 

B1 1357 hydroxybenzaldehyde / 498.7±23.1a 438.9±33.5b 346.2±16.3c 

B2 1620 
2,4, 5-

trimethoxybenzaldehyde 
/ 40.6±2.6b 38.5±2.4c 47.3±2.4a 

B3 1537 
4-hydroxy-2-

methylacetophenone 
/ 147.2±6.9b 127.3±10.3c 167.4±9.9a 

B4 1402 Vanillic aldehyde 60 336.9±25.6c 365.4±19b 384.2±15.6a 

B5 1555 
3, 5-

dimethoxyacetophenone 
/ 78.4±4.8c 112.5±7.3a 104.4±11.9b 

B6 1405 Vanillyl ketone 1000 48.6±1.8a 36.1±2.6c 37.8±4b 

B7 1533 
4-hydroxy-3-

methoxyphenylacetone 
/ 106.3±10.3c 167.3±12.1a 112.5±8.5b 

B8 1666 syringaldehyde 25000 468.5±33.9b 443.6±23.9c 587±33.7a 
B9 1743 coniferaldehyde / 890.7±73.7c 1077.2±66.4a 930.3±49.7b 

total 2615.9±182.7c 2806.8±177.5a 2717.1±151.8b 
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Similar to volatile phenols, phenolic substances are also one of the main substances for lignin 
degradation, which can give wine a strong vanilla odor[26]. As can be seen from Table 2, a total of 9 
kinds of phenolic substances were measured in this experiment, and the contents of phenolic 
substances in three kinds of oak lignin were similar. Vanillin source is composed of lignin degradation 
and oak hydrolysis, and its typical vanilla and vanilla flavor[27] is an important aroma characteristic 
of wine. Vanillin threshold is lower in ethanol, which makes a significant contribution to wine flavor. 
The content of syringal is related to the degree of baking and is an important degradation product of 
lignin[28]. The substance has a rich sweet aroma and almond odor, which is considered to be the 
characteristic aroma substance in oak. Although the content of syringaldehyde is high, it is difficult 
for syringaldehyde to directly affect the aroma of wine due to its high sensory threshold, so it affects 
the aroma through superposition and synergistic effect[29.30]. All three kinds of oak lignin contain a 
high content of coniferaldehyde, which may be related to the presence of more precursors of 
dimethoxyphenol in the lignin structure[31]. Four phenolic ketones were also detected in the 
experiment, and the main way to produce these substances is the degradation of lignin[32]. Vanilla 
acetone, also known as acetylvanillone, is a product of thermal degradation of carbohydrates and has 
a woody and pandan aroma[33]. 

3.2.3. Ester substance 

Table 3. Ester compounds in lignin of 3 kinds of oak 

Number RI 
Aroma 

component 

Threshold 
value / 
(μg/L) 

contentα/ (μg/L) 

French oak 
American 

oak 
Mongolian 

oak 
C1 1272 Ethyl caprylate 12.87 126.6±3.5b 114.2±12.8c 148.4±8.9a 
C2 1395 Ethyl caprate 200 98.7±5.6b 117.4±7.3a — 
C3 1368 Ethyl laurate 400 698.2±27.5b 528.1±44.6c 718.4±52.5a 
C4 1727 Methyl myristate / 293.3±13.1b 313.6±21.2a 290.9±12.1c 

C5 1658 
Octyl ethylene 
glycol mono-n-
dodecyl ester 

/ 128.4±8.4a — 97.7±8.7b 

C6 1463 Glycol laurate / 85.3±4.7a — — 
C7 1994 Methyl palmitate / 230.1±16.3a 117.9±8.4c 199±19.4b 
C8 1532 Dibutyl phthalate / 103.7±6.2a 33.2±2.8b — 
C9 2206 Methyl stearate / 91.5±3.3a — 53.2±5.7b 

total 1855.8±88.6a 1224.4±97.1c 1507.6±107.3b 
 

Table 3 shows that French oak lignin has the most ester types (9 kinds) and the highest content 
(1855.8±88.6 μg/L). Compared with Mongolian oak lignin, American oak lignin is similar in species 
but the content is lower. Ethyl caprylate, ethyl decanoate and ethyl laurate are all medium chain fatty 
acid ethyl esters, which are important components of wine flavor[34]. Other esters that are lower in 
content can also increase the complexity of memory. Esters bring rich floral and fruity flavor to wine 
and are indispensable aroma compounds[35]. 

3.2.4. Other substances 

As can be seen from Table 4, a total of 6 other compounds were detected in the three lignins, including 
1 acid and 5 alcohols. In the detected alcohols, the copolymers formed by sinapol and coniferol can 
form corresponding aldehyde compounds (sinapol and coniferaldehyde) after the depolymerization 
and oxidation process[36]. Lauric acid can be esterified to the corresponding medium chain fatty acid 
ethyl ester, and the esterification reaction is an oxidation reaction, which is also a reversible reaction, 
and hydrolysis will occur if the concentration of the product is high[37]. 
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Table 4. Other compounds in lignin of 3 oak species 

Number RI 
Aroma 

component 

Threshold 
value / 
(μg/L) 

contentα/ (μg/L) 

French oak American oak 
Mongolian 

oak 
D1 747 hexanediol / 200.3±9.8a 126.3±11.5b — 

D2 1733 
Sinapyl 
alcohol 

/ 60.9±2.2b 77.2±6.4a 54.8±4.1c 

D3 1106 citronellol / — 233.1±12.9b 245.8±13.8a 
D4 1150 coniferol / 1729.4±103.4a 1699.6±122.7b 1532.3±95.3c 
D5 876 Lauric acid 9153.8 148.3±7.4a — 112.8±10.2b 

D6 1369 
Trans-

coniferol 
/ 857.9±49.2b 755.3±55.7c 868.2±64.3a 

   total 2996.8 ±172a 2891.5±209.2b 2813.9±187.7c 
 

3.3. Analysis of flavor characteristics 

Table 5. Attribute table of fragrance characteristics 

Aroma 
characteristic 

Aroma component 
Threshold 

value 
/(μg/L) 

OAV value (Odor activity value) 
French 

oak 
American 

oak 
Mongolian 

oak 

Floral scent 

4-methylguaiacol 20 4.69 2.24 3.23 
4-allyl-2, 6-

dimethoxylphenol 
1200 0.48 0.47 0.32 

Guaiacol 9.5 21.26 19.83 17.31 
Ethyl laurate 400 1.75 1.32 1.80 

Vanillic aldehyde 60 5.62 6.09 6.40 
syringaldehyde 25000 0.019 0.018 0.023 
Vanillyl ketone 1000 0.049 0.036 0.038 
Ethyl caprylate 12.87 9.84 8.87 11.53 

Fruity, nutty 
aroma 

Ethyl caprylate 12.87 9.84 8.87 11.53 
Vanillic aldehyde 60 5.62 6.09 6.40 
syringaldehyde 25000 0.019 0.018 0.023 
Ethyl laurate 400 1.75 1.32 1.80 

Wood 
fragrance, 
medicinal 
fragrance 

4-ethyl guaiacol 33 5.10 3.02 2.05 
eugenol 6 39.42 34.10 23.75 

Vanillyl ketone 1000 0.049 0.036 0.038 

Bake, smoke 
4-methylguaiacol 20 4.69 2.24 3.23 

Guaiacol 9.5 21.26 19.83 17.31 

Sweet and 
fragrant 

4-allyl-2, 6-
dimethoxylphenol 

57 0.48 0.47 0.32 

eugenol 6 39.42 34.10 23.75 
Guaiacol 9.5 21.26 19.83 17.31 

Vanillic aldehyde 60 5.62 6.09 6.40 
syringaldehyde 25000 0.019 0.018 0.023 
Vanillyl ketone 1000 0.049 0.036 0.038 
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Figure 2. Aroma outline of aroma components in lignin 

 

The five aromas were taken as five coordinates, and the OAV values of the three oak lignin were 
added and connected at each coordinate to get the aroma outline, as shown in Figure 2. The hollow 
line is the aroma outline of the Mongolian oak lignin. The Mongolian oak lignin has the richest fruit 
aroma, but it is insufficient in sweetness and wood aroma. The 5 aroma contents of lignin in 
Mongolian oak were sweet > floral > woody > roasted > fruity from most to least. The main aroma 
of Mongolian oak lignin is fruity and floral. The content of lignin in 5 flavors of American oak was 
sweet > floral > woody > roasted > fruity, which was consistent with that of Mongolian oak. 
Compared with Mongolian oak lignin, American oak lignin has obvious advantages in sweetness and 
wood flavor, but it is slightly inferior in floral and fruity flavor. Black solid lines represent the aroma 
outline of French oak lignin, French oak lignin has the richest sweet, floral, roasted, woody aroma, 
with the most complete and complex aroma of the three lignin. The five aromas of French oak lignin 
were: sweet > woody > floral > roasted > fruity from most to least. 

3.4. PCA and heat map analysis 

According to published literature[38,39] and considering the threshold, aroma, content and other 
factors of each volatile substance, 10 common volatile compounds were selected as the focus for PCA 
and heat map analysis. 

Table 6. Main aroma substances in lignin of 3 kinds of oak 

Mumber Aroma component 
Threshold value / 

(μg/L) 
CAS number Aroma description 

A1 Guaiacol 9.5 90-05-1 Smoky, burnt, sweet 
A2 4-methylguaiacol 20 93-51-6 Cloves, smokes 

A3 4-ethyl guaiacol 33 458-36-6 
Wood fragrance, 

medicinal fragrance 
A4 eugenol 6 97-53-0 Sweet, clove, wood 

A6 
4-allyl-2, 6-

dimethoxylphenol 
1200 6627-88-9 Sweet, floral 

B4 Vanillic aldehyde 60 121-33-5 
Cream, vanilla, 

almonds 
B6 Vanillyl ketone 1000 498-02-2 Wood, pandan 
B8 syringaldehyde 25000 134-96-3 Sweet, almond 

C1 Ethyl caprylate 12.87 106-32-1 
Pineapple, floral, 

fruity 
C3 Ethyl laurate  400 106-33-2 Fruity, floral 
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Figure 3. PCA analysis of three oak lignin volatilities 

 

 

Figure 4. Thermal map analysis of the lignin volatiles of three oak species 

 

By principal component analysis of 10 aroma substances in lignin of three oak species, the total 
interpretable variances of PCA1 and PCA2 were 67.53% and 32.47%, respectively. As can be seen 
from Figure 3, French oak lignin has a higher score in PCA1, and PCA1 mainly reflects the 
information of floral, baking, and woody aroma substances, indicating that the use of French oak 
lignin can bring rich aroma and have a more obvious baking aroma. The PCA1 negative axis of lignin 
in Mongolian oak has a high score, and the PCA1 negative axis mainly reflects the information of 
phenolic and ester aroma substances, indicating that Mongolian oak lignin has a strong floral and 
fruity aroma. American oak lignin has a high PCA2 negative semi-axis score, and this region mainly 
distributes sweet, woody, smoky and other aroma substances, indicating that the use of American oak 
lignin has a woody aroma. 

Heat map analysis of the volatile components of three kinds of oak lignin was carried out to further 
explore the characteristics of aroma components. It can be seen from Figure 4 that the lignin aroma 
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of the three oak trees is significantly different. Oak aroma can be preliminarily divided into two 
categories according to different aroma substance content from top to bottom. The first type consists 
of French oak and American oak. The second type is composed of Mongolian oak. According to the 
heat map analysis, the lignin of French oak and American oak A4(eugenol) and A6(4-allyl-2, 6-
dimethoxyphenol) were relatively high, which was consistent with the results of PCA. This shows 
that French and American oak lignin has a strong sweet, woody aroma. The content of B8(clove 
aldehyde), C1(ethyl caprylate) and C3(ethyl laurate) of Mongolian oak is high, and it has rich floral 
and fruity flavor characteristics, which is consistent with the results of PCA. 

Based on PCA and heat map analysis, French oak lignin has a higher content of volatile phenols and 
other compounds with floral and baking aroma, with more baking smoke aroma. The content of lignin 
phenolic and ester compounds of Mongolian oak is relatively high, and it has more intense fruit and 
fruit aroma characteristics. On the other hand, the quality of American oak is more average, with 
complex and soft complex aroma characteristics. 

4. CONCLUSIONS 

The volatile aroma components and differences of lignin from American, French and Mongolian 
quercus were detected. The analysis of aroma characteristics showed that the lignin of Mongolian oak 
has more phenolic and ester compounds, so it can bring obvious floral and fruity aroma characteristics. 
American oak lignin and French oak lignin are relatively similar, both can provide floral, woody, 
sweet aroma. The French oak is more intense and the American oak is softer. 

As a container material for aging, oak has been widely produced and applied in various regions of the 
world for hundreds of years. In the aging process, various oxidation, esterification, condensation and 
other physical and chemical reactions will occur, which will change the color of the wine, make the 
wine more full, and taste more soft and smooth. At the same time, the chemicals in the wood are also 
immersed in the wine as it ages, giving the wine a complex and varied aroma and unique taste. The 
aromatic components of phenolic and phenolic in oak mainly come from the depolymerization of 
lignin. The analysis of aroma components of oak lignin shows that the percentage of aroma 
components in oak lignin is consistent with the percentage of aroma components in oak. Compared 
with American and French oak lignin, Mongolian oak lignin has the highest phenolic compounds 
content and complex aroma, and has the possibility to replace American and French oak as oak barrel 
materials. There are few researches on aroma substances in oak lignin that are not conducive to wine 
aging and need to be improved. Therefore, these related studies are the future focus and need to be 
further explored. 
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