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Abstract 

Background Roasting, honey-roasting and fermentation are the most common pre-processing procedures 
of licorice roots. They were shown to noticeably change the composition of extracts. In this work, the common altera-
tions in licorice secondary metabolites by processing were interpreted. Comprehensive metabolic profiling of differ-
ent studied samples was undergone.

Methods UPLC-QqQ-MS/MS analysis coupled to various chemometric analysis models was implemented to unravel 
the effect of different pre-processing procedures on the chemical profile of licorice samples.

Results UPLC-QqQ-MS/MS analysis designated 133 chromatographic peaks with saponins, flavonoids, chalcones 
and pterocarpans being the most abundant groups. Triterpene saponins dominated the secondary metabolites 
in the aqueous extracts, with fermented samples showing the highest relative amounts. Meanwhile the ethanol 
extracts showed significant amounts of chalcones. Melanoidins were only detected in roasted and honey roasted 
samples. Multivariate models indicated that roasting of samples induced a greater effect on the polar metabolites 
rather than nonpolar ones. Variable of importance (VIP) plot indicated that glycyrrhizin and its hydrolysis product 
glycyrrhetinic acid, trihdroxychalcone diglycoside, glabrone and glabridin are the main chemical features responsible 
for the discrimination of samples.

Conclusion Coupling UPLC-MS/MS to multivariate analysis was a successful tool that unveiled the significant effect 
of different pre-processing methods on the chemical profile of processed and unprocessed licorice samples. Moreo-
ver, such coupling unraveled the discriminatory chemical compounds among tested samples that can be employed 
as markers for the processing procedure of licorice.

Keywords Liquorice roots, Metabolomics, Roasting, Fermentation, UPLC/MS/MS, Multivariate analysis

Background
Glycyrrhiza genus, belonging to family Fabaceae, encom-
passes more than 30 species, broadly scattered world-
wide [1]. The genus is one of the most comprehensively 
researched medicinal plants of the globe [1] and is one of 
the most frequently prescribed natural medicine in China 
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[2, 3]. Medicinal uses of licorice are recorded in ancient 
texts such as the Assyrian Herbal (2000 BC) and Ebers 
Papyrus (1600 BC) [1]. The rhizomes and roots are the 
most valuable parts used in medicinal and pharmaceuti-
cal activities and in the production of food supplements 
and functional foods [4].

The most widely distributed species is Glycyrrhiza 
glabra [1]. It is a very well-known traditional medicine 
and natural sweetener. Owing to its broad range of out-
standing pharmacological effects, it is nowadays globally 
used in food, beverages, nutraceuticals, and herbal indus-
try [5].

More than 400 compounds have been discovered in 
licorice, comprising triterpene saponins, flavonoids, 
pterocarpan, coumarins, phenolics, and others [6]. 
The biologically active compounds of licorice are being 
employed as plant-based remedies for numerous dis-
ease conditions due to their antioxidant, neuroprotec-
tive, anti-inflammatory, antiviral, and anti-carcinogenic 
assets, in addition to their ability to treat glucose intoler-
ance and improve insulin sensitivity. Many of those phar-
macological properties in addition to other medicinal 
benefits of licorice are supported by numerous clinical 
studies [7].

Roasting, honey-roasting and fermentation are the 
most common pre-processing procedures of herbal 
preparations. Roasting and honey-roasting of herbal 
drugs roots to primeval periods in China [8]. The Japa-
nese Pharmacopoeia describes prepared Glycyrrhiza 
as roasted licorice, and the Chinese Pharmacopoeia 
describes Glycyrrhizae Radix et Rhizoma Preparata Cum 
Melle as honey-roasted licorice [8]. Roasting is a dry heat 
processing treatment that is known improve the flavor of 
a licorice extract [9]. Moreover, honey has natural deep 
eutectic solvent (NADES) characteristics [10]. Conse-
quently, the roasting and honey roasting procedures 
could have a positive effect on the extraction process of 
licorice and increase the antioxidant activity. For sev-
eral decades, fermented natural beverages have been a 
component of regular food consumption for many peo-
ple [11]. Fermentation portrays a significant role in the 
production of many enzymes. The health benefits of fer-
mented beverages and powerful functional food spawns 
a prospective for using fermentation as a pre-processing 
step in natural product extraction.

It was shown by several research groups that different 
pre-processing procedures can noticeably increase [12] 
or decrease [13] the amount, in addition to change the 
composition of herbal extract ingredients [8, 14] which 
was translated by variations in HPLC chromatograms 
(fingerprinting analysis) [8, 13–17].

In view of the above-mentioned points, this work 
aims at tracking and interpretation of the common 

alterations in the secondary metabolites comprised in 
raw licorice by pre-processing (roasting, honey-roast-
ing, and aqueous fermentation) and whether those 
chemical variations can be employed as markers for 
scrutinizing processed and unprocessed samples.

Methods
Plant collection
Licorice (Glycyrrhiza glabra) was purchased from 
the local market, Alexandria, Egypt in January 2022. 
Based on macroscopical and microscopical character-
istics, specimens were kindly authenticated by Prof. 
Sania Ahmed, Faculty of Science, Alexandria Univer-
sity. A voucher (GG 22) specimen was deposited in the 
Department of Pharmacognosy, Faculty of Pharmacy, 
Alexandria University.

Sample preparation
All the purchased samples were ground using an elec-
tric grinder. Based on the pre-processing method, 
samples were divided into 4 categories: raw, roasted, 
honey-roasted and fermented.

The total number of samples was 21, three of which 
were fermented samples. Raw, roasted and honey 
roasted samples were studied in two groups, The first 
group included 9 samples (3 samples for each category) 
that used to prepare ethanol extracts and the second 
group also included 9 samples (3 samples for each cat-
egory) that used to prepare aqueous extracts Table S1.

Roasted licorice samples were prepared by drying 
samples in the oven at  180◦C till constant weight (1 h) 
[18]. Honey-roasted samples were prepared by mix-
ing 50  g of the powdered licorice with 12.5  g honey 
dissolved in 25 mL water followed by sample roasting 
in oven at  180◦C for 1  h. [19]. Afterwards, ethanolic 
extraction of raw, roasted and honey-roasted licorice 
was undergone by maceration of each sample (50  g) 
separately in 95% ethanol followed by concentration 
to dryness under reduced pressure. On the other hand, 
aqueous extracts of raw, roasted and honey-roasted 
licorice were prepared by maceration of each sample 
separately in distilled water followed by their filtration 
and lyophilization. Finally, fermentation of licorice was 
done by mixing 50 g sample with 50 mL water at 20–25 
◦C and this mixture was subjected to milling using 
a mortar and a pestle to get a paste. The paste is then 
kept in darkness for 2 days followed by soaking in water 
overnight. The resultant juice (fermented licorice sam-
ple (Erk-sous beverage)) was obtained through filtration 
[20]. The resulted filtrates were then lyophilized.
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Chemical profiling of processed and unprocessed licorice 
extracts using UPLC‑MS/MS
Preparation of extracts sample for UPLC‑MS analysis
The dry extracts were prepared at a concentration of 
1  mg/mL using HPLC-grade methanol (Merck, Ger-
many), then filtered using membrane disc filter (0.2 μm). 
Moreover, samples degassing was performed before 
injection via sonication. The injection volume of each 
sample was 10 µL, introduced to the chromatographic 
column in the full loop mode. The analysis of each sam-
ple was repeated five times.

Conditions of the UPLC experiment
The metabolic profiles of G. glabra extracts were assessed 
using an UPLC XEVO TQD triple quadruple instrument 
(Waters Corporation, Milford, MA01757 U.S.A).

The chromatographic system consisted of: a Waters 
Acquity QSM pump, a LC-2040 autosampler, degasser 
and Waters Acquity CM detector. Waters Acquity UPLC 
BEH C18 column 50  mm (L), 2.1  mm (ID) and 1.7  μm 
(PS). The flow rate was 0.2 mL/ min and the temperature 
was adjusted at 30 °C.

The mobile phase that was used for analyses consisted 
of two phases; A and B. Ultrapure water + 0.1%(v/v) for-
mic acid (Phase A), and methanol + 0.1% (v/v) formic acid 
(Phase B). These mobile phase components were selected 
after several trials to obtain the best possible separation 
and resolution [21]. Gradient elution order was as follow-
ing: 0.0–2.0 min, 10% eluent B; 2.0–5.0 min, 30% eluent 
B; 5.0–15.0 min, 70% eluent B; 15.0-22.0 min, 90% eluent 
B; 22.0–25.0 min, 90% eluent B; 26.0 min, 100% eluent B; 
26.0–29.0 min, 100% eluent B; 30.0–40 min, 10% eluent 
B. The post time was set for 4 min for column re-equili-
bration using methanol.

Conditions of ESI‑MS and metabolites annotation
Negative and positive ionization modes were used for 
samples analysis, the mass analyzer was the triple quad-
rupole (TQD) mass spectrometer, accompanied by elec-
trospray ionization (ESI) source.

To get a comprehensive picture of the metabolite pro-
files of the test extracts, the electrospray ionization 
source (ESI) was set to be in the negative and positive ion 
modes. The mass analyzer used was triple quadrupole 
(QqQ) [22].

The conditions of ESI were as follows: 3  kV (capillary 
voltage), 35  V (cone voltage). Regarding temperature, 
the ion source temperature was set at  1500 C, the pres-
sure of the nitrogen gas (nebulizer) was set at 35 psi, the 
temperature of drying and sheath gas  (N2) was  440◦C and 
 350◦C, respectively. At 900  L/h and 50  L/h, the drying 
and sheath gas flows were applied, respectively. The total 

run time of the analysis was 30 min. The full range acqui-
sition covering 50-1000 m/z was applied to get MS spec-
tra. Regarding automatic MS/MS fragmentation analyses 
of the parent ions, parent ions masses were selected using 
the first quadrupole (Q1), parents’ ions were fragmented 
in the second quadrupole (Q2) through collision-induced 
dissociation (CID) technique. The energy ramp used was 
from 30 to 70 eV using collision gas  (N2). In the negative 
ion mode, fragmentation of flavonoids and terpene acids 
was done using collision energy ranging from 20 to 40 eV. 
Finally, in third quadrupole (Q3), the daughter ions which 
yielded from the fragmentation were monitored. Daugh-
ter ions are related to the molecular structure of the par-
ent ions. The same conditions of chromatography and 
mass spectrometry described above were applied to  MSn 
experiments. The annotation of metabolites was done by 
comparing their retention times to that of external stand-
ards. Furthermore, our in-house database, data published 
in literature in addition to phytochemical dictionary of 
natural products database (CRC), quasi-molecular ions 
and characteristic MS/MS fragmentation patterns were 
used for metabolite assignment to get metabolite annota-
tion with a high confidence level.

Statistical analysis
For semi-quantitative analysis, one-way analysis of the 
variance (ANOVA) was used with the program SPSS 
26.0 (SPSS Inc., Chicago, IL, USA). For metabolomics 
multivariate statistical data analysis, the SIMCA 14 pro-
gram (Umetrics, Malmo, Sweden) was used. For MS data 
analysis, Metaboanalyst 4.0 (http:// www. metab oanal yst. 
ca/), a web-based metabolomics data processing applica-
tion, was used to create hierarchical cluster analysis heat 
maps, volcano plots, coefficient plots, and unsupervised 
self-organizing maps (SOM).

Results
Annotation of secondary metabolites in the tested extracts
The UPLC-QqQ-MS/MS analysis (Figure S1) of raw, 
roasted, honey roasted and fermented licorice roots sam-
ples revealed many metabolites belonging to distinct 
chemical classes. A total of 133 chromatographic peaks 
were designated in the different samples, with saponins, 
flavonoids, chalcones, pterocarpans and coumarins being 
the most abundant groups (Table 1; Fig. 1). A significant 
amount of structural data was gathered by evaluating the 
chromatographic behavior of the annotated compounds, 
as well as related fragmentation pathways already pub-
lished in the literature. Table  1 displays the full list of 
annotated compounds and their structural data, includ-
ing retention time, protonated molecules [M +  H]+, 
deprotonated molecules [M–H]–, diagnostic MS frag-
mentation patterns, and molecular formulas. Numbers 

http://www.metaboanalyst.ca/
http://www.metaboanalyst.ca/
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were allocated to the compounds depending on the order 
in which they were eluted.

Tracking the effect of roasting and fermentation changes 
on the chemical profile of licorice roots via UPLC‑QqQ‑MS/
MS analysis in combination with multivariate statistical 
analysis
Semi quantitation of the annotated compounds was 
carried out using representative standards of the iden-
tified chemical classes; quercetin, glycrrhizic acid, escu-
letin, licochalcone A, ellagic acid, trans-stilbene, and 7, 
12-dimethoxy coumestan. Standard calibration curves 
were established by plotting peak areas of the standards 
as the analytical responses against their known con-
centration. Validation parameters like linearity, limit 
of detection (LOD) and limit of quantification (LOQ) 
were assessed based on FDA guidelines on bioanalytical 
method validation [23] (Table S2). Standard compounds 
were effectively used to compute the relative quanti-
ties of the detected metabolites. Each studied extract’s 

measured components were reported as mg standard 
Equivalents/g dry extract Table S3.

As depicted in Fig. 1. Triterpene saponins overwhelm-
ingly dominated the secondary metabolites in the aque-
ous extracts of fermented, roasted, honey roasted and 
raw licorice roots samples, with fermented samples 
showing the highest relative amounts of saponins. Mean-
while, the ethanol extracts of the tested samples showed 
significant amounts of chalcones and chalcone glyco-
sides followed by isoflavones. Flavanones and flavanone 
glycosides showed significant accumulation in the etha-
nol extracts of honey roasted samples while melanoidins 
were only detected in the ethanol and aqueous extracts of 
roasted and honey roasted samples.

Semi-quantitative data of annotated compounds was 
used to create an unsupervised hierarchical heat map for 
the investigated samples (Fig.  1B). Licoumarin A, trihy-
droxy chalcone and polypodoside B were only detected 
in the ethanol extracts of roasted roots while glycyrrhi-
zol B and kanzonol U were detected only in the ethanol 

Fig. 1 Relative quantitation of the total content of different chemical classes annotated in licorice samples expressed as mg Equivalents (Eq.)/ 
100 g dry weight (A). Hierarchical analysis heat maps of all annotated constituents in the tested licorice samples. Brick red and blue indicate higher 
and lower abundances, respectively (B)
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extracts of honey roasted roots. Meanwhile the main 
licorice saponin glycyrrhizin was mainly detected in the 
aqueous extracts of raw as well as fermented roots and 
in lesser amounts in the aqueous extracts of roasted and 
honey roasted samples. Licorice saponins A and B as 
well as uralsaponin F were only detected in the aqueous 
extracts of raw root samples while yuanganosides G1 and 
G2, uralsaponin E, trihydroxy coumestan glycoside and 
dihydroxy benzoic acid were detected in the fermented 
root samples only. The resorcinol 2-(Methyl-butenyl)-
5-(phenylethyl)-benzenediol as well as the melanoidins 
phenol, dimethoxy-4-(2-propenyl) and Pyran-4-one, 
dihydro-dihydroxy-methyl were only detected in the 
aqueous extracts of honey roasted samples.

MetaboAnalyst 5.0 was used to process the data from 
the various root samples which were subjected to unsu-
pervised self-organizing map (SOM) analysis, a neu-
ral network-based dimensionality reduction approach. 
Within the samples, PC1 and PC2 explained 62.3% and 
15.1% of variation, respectively. As shown in Fig.  2A, 
samples were divided into three primary clusters, one 
comprising the aqueous extracts of raw and fermented 
root samples, the other comprising the aqueous extract 
of roasted and honey roasted roots and finally a cluster 
containing the ethanol extracts of raw, roasted and honey 
roasted samples.

The in-between and within-class discrimination of 
samples using an OPLS-DA (Orthogonal projection 
to latent structure-discriminant analysis) model based 
on their phytochemical profiles, as well as markers that 
chemically distinguish each class was attempted (Fig. 2B). 

The first component was responsible for 61.3% of sample 
variation, while the second component was responsible 
for 14.1%. The correlation coefficient  (R2 = 0.997) and the 
redundancy value of cross validation (Q2 = 0.981) values 
were used to determine the predictability and reliability 
of the created OPLS-DA model, which demonstrated 
the model’s predictability and reliability, respectively. 
The ethanol extracts of the samples showed in-between 
class discrimination from aqueous extracts while within-
class discrimination was observed between the aqueous 
extracts of fermented and raw and the roasted and honey 
roasted ones. Variable of importance (VIP) plot (Fig.  3) 
showed the main chemical features responsible for the 
discrimination of samples.

Determination of discriminatory metabolites 
between roasted, honey roasted and raw licorice roots 
samples
The up-accumulated and down-accumulated secondary 
metabolites with roasting and honey-roasting of licorice 
root samples were visualized using volcano and coef-
ficient plots compared to ethanol and aqueous extracts 
of raw roots. Figure 4 A shows that after roasting of the 
licorice samples, 21 metabolites were up-accumulated 
(red scatter points), 28 were down-accumulated (blue 
scatter points), and 22 metabolites showed no change 
when comparing the ethanol extracts of the raw and 
roasted roots. Dihydroxy-dimethoxy prenylisoflavan, 
dihydroxy methoxy-prenylisoflavon, dihydroxy-dimeth-
oxyflavone, 3-(4-Hydroxyphenyl)-phenyl-propenone, 
phenethanamine, methyl-N-vanillyl and licocoumarin 

Fig. 2 Unsupervised self-organizing map (SOM) of the tested licorice samples (A). Orthogonal Projections to Latent Structures Discriminant 
Analysis (OPLS-DA) score scatter plot (B)
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A were the main metabolites which showed high accu-
mulation with roasting of the roots samples while 
hydroxyisoflavone methoxy-O-glucopyranoside, licorice 
glucoside D1, flavestin B, dihydroxyflavanone-O-ruti-
noside, shinpterocarpin, vitexin-O-rhamnoside and 
amorfrutin were the main compounds showing down-
accumulation with roasting of the samples.

Meanwhile, honey roasted samples showed an increase 
in 11 compounds with the decrease in the relative con-
centrations of 19 compounds while 48 compounds 
showed no significant changes with honey roasting 
(Fig.  4B). Dihydroxy-diprenylflavanone, tetrahydroxy-
diprenylflavanone, dihydroxy-dimethoxyflavone, dihy-
droxy-dimethoxy prenylisoflavan, licocoumarin A, 
glycyrrhizol B were the main metabolites which showed 
higher accumulation with honey roasting of the roots 
samples while trihydroxyflavanone-O-pentosyl hexo-
side, flavestin B, shinpterocarpin, vitexin-O-rhamnoside, 
hydroxyisoflavone methoxy-O-glycoside were the main 
compounds showing down-accumulation with honey 
roasting of the samples.

On the other hand, volcano, and coefficient plots of 
the aqueous extracts of roasted and honey roasted sam-
ples compared to raw ones (Fig.  5A and B) depicted a 
much significant reduction in the accumulation of sec-
ondary metabolites where 46 and 48 metabolites were 

significantly down-accumulated in the roots with roast-
ing and honey-roasting, respectively. Hydroxyisoflavone 
methoxy-O-glucopyranoside, amorfrutin 1/A, dihydrox-
yflavanone-O-rutinoside, dihydroxyflavone-O-pentosyl 
hexoside, vitexin-O-rhamnoside, licorice saponin J2, 
uralsaponin C and uralsaponin F were among the main 
secondary metabolites that were significantly reduced 
with roasting of the roots while 2,3-Dihydro-3-methyl-
furan, 2-(Methyl-butenyl)-5-(phenylethyl)-benzenediol, 
and 1-(4-Hydroxyphenyl)-3-(7-methoxybenzofuran-6-yl) 
propanone glabraisoflavanone A showed significantly 
higher accumulation in the aqueous extracts of roasted 
roots. Meanwhile, arabino-glycyrrhizin, tetrahydrox-
yflavan-O-pentoside, trihydroxychalcone diglycoside, 
dihydroxy flavanone-O-hexoside, amorfrutin and dihy-
droxyflavanone-O-rutinoside showed significant down 
accumulation with honey roasting while 7,8-Dihydro-
methylpyrrolopyrimidinone, hydroxy methoxyisoflavone 
and tetrahydroxy-prenylflavanone displayed signifi-
cant up-accumulation in the aqueous extracts of honey 
roasted roots.

Comparing the volcano and coefficient plots of the 
fermented roots to the raw ones revealed (Fig.  5C) 
significant increase in the relative concentration 
of 20 compounds, significant decrease in 16 com-
pounds, where 35 compounds showed no significant 

Fig. 3 Variables of importance (VIP) plot of the annotated secondary metabolites in the tested licorice samples
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change. The oleanane-type triterpene saponins Yun-
ganoside P, Yunganoside G1, Yunganoside G2 as well 
as the polyhydroxylated derivatives of flavones like 
trihydroxychalcone diglycoside, trihydroxyflavone-
O-Rhamnopyranoside (afzelin), trihydroxyflavanone-
O-hexoside, trihydroxyflavanone-O-pentosyl hexoside 
and trihydroxycoumestan were the main up-accumu-
lated secondary metabolites in fermented roots samples 
while flavestin G, amorfrutin, dihydrolicoisoflavone A, 
licoagroisoflavone, glabrene, glabraisoflavanone A and 

glabridin showed significant down-accumulation with 
fermentation of licorice roots extracts.

Discussion
UPLC‑QqQ‑MS/MS and chemometric analyses of tested 
samples
The UPLC-QqQ-MS/MS analysis of raw, roasted, honey 
roasted and fermented licorice roots samples revealed 
133 metabolites belonging to distinct chemical classes; 
saponins, flavonoids, chalcones, pterocarpans and 

Fig. 4 Volcano and coefficient plots of ethanol extracts of raw and roasted samples (A), ethanol extracts of raw and honey-roasted samples (B)
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coumarins being the most abundant groups Supplemen-
tary material contains detailed discussion and schematic 
illustrations of the fragmentation pattern of the key 
chemicals along with the related literature data (Figures 
S2-S5).

UPLC-QqQ-MS/MS analysis combined with multi-
variate statistical analysis was attempted for comprehen-
sive profiling to show similarity and differences between 
tested samples as well as for assessment the effect of 
processing procedures on the chemical profile of licorice 
samples.

The chemical profiles of the studied extracts showed 
significant differences and these results agreed with pre-
vious studies as aqueous extracts scored a high content 
of triterpene saponins [24] and this content increased 
by more than 50% upon fermentation of licorice aque-
ous extract. Roasting results in formation of brown pol-
ymers that result from the reaction of sugar and amino 
acids in the Maillard reaction which are called mela-
noidins the result behind their presence in roasted and 
honey-roasted licorice samples [25]. Previous reports 
showed that roasting affect polar compounds rather than 

Fig. 5 Volcano and coefficient plots of ethanol extracts of aqueous extracts of raw and roasted sample (A), aqueous extracts of raw 
and honey-roasted samples (B) and aqueous extracts of raw and fermented licorice roots samples (C)
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non-polar ones [26]. Moreover, ethanol extracts scored 
the high percentage of flavonoids and chalcones com-
pared to aqueous extracts [27, 28].

Clustering of samples in HCA heatmap and in SOM 
indicating that samples were gathered according to 
the type of extracts while roasting of samples induced 
greater effect on the chemical profile of polar metabolites 
rather than non-polar ones leading to the clustering of 
the aqueous extracts roasted and honey roasted samples 
away from the aqueous extracts of raw and fermented 
root samples.

Variable of importance (VIP) plot indicated that the 
triterpene saponin glycyrrhizin and its hydrolysis prod-
uct glycyrrhetinic acid, trihdroxychalcone diglycoside, 
the pyranoisoflavone glabrone, tetrahydroxy prenyl fla-
vanone and the pyranoisoflavan glabridin were the main 
chemical features responsible for the discrimination of 
samples where glabrone, tetrahydroxy prenyl flavanone 
and the pyranoisoflavan glabridin showed significant 
accumulation in the ethanol extracts of the samples while 
glycyrrhizin, glycyrrhetinic acid and tetrahydroxy prenyl 
flavanone accumulated mainly in the aqueous extracts. 
Glycyrrhetinic acid was found to be particularly enriched 
in the honey-roasted, fermented, and aqueous extracts of 
roasted licorice roots.

It can be observed from volcano and coefficient plots 
that roasting of samples led to the degradation and 
hydrolysis of glycosides of saponins, isoflavonoids and 
flavonoids with the appearance of melanoidins and 
increase in the relative amounts of methoxylated deriva-
tives of isoflavones. Moreover, honey roasting of licorice 
roots had a less significant effect on the secondary 
metabolites detected in the ethanol extracts of the roots 
when compared to roasting without honey. In addition, 
the process of roasting and honey roasting possessed 
a more pronounced effect on the relative concentra-
tions and degradation of polar secondary metabolites 
rather than relatively non-polar ones. Finally, the results 
obtained indicated that fermentation of licorice roots 
led to an increase in the relative concentration of phe-
nolic compounds. It has been previously reported that 
the release of bound phenolic compounds as a result of 
the destruction of the cell wall structure by microbial 
enzymes produced during fermentation is primarily 
responsible for fermentation’s capacity to boost yield and 
change the profile of phenolic compounds [29].

Conclusion
In this study, the combination of UPLC-QqQ-MS/MS 
analysis with multivariate statistical analysis was suc-
cessfully employed to interrogate the metabolomes 
of processed (roasted, honey roasted and fermented) 
and unprocessed licorice samples in addition to track 

the common alterations in the secondary metabolites 
comprised in raw licorice by processing. This allowed 
revealing of the differential metabolites responsible for 
chemical variations and those chemical variations can 
be employed as markers for the pre-processing proce-
dures of licorice in addition to scrutinizing processed 
and unprocessed samples.
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