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ABSTRACT

The aim of the present study was to evaluate the 
effect of dietary integration with dried licorice root 
on the chemical-nutritional qualities of goat milk and 
cheeses. The study was conducted for 60 d, during 
which 30 Saanen goats were divided into 2 groups: 
a control group (CG) that received a standard diet 
and an experimental group (LG+) whose diet was 
supplemented with licorice. At the end of the study, 
milk samples were collected to determine chemical-
nutritional compositions and fatty acid (FA) profiles. 
Cheeses produced with CG and LG+ bulk milk were 
analyzed for chemical-physical parameters after 3 (T3) 
and 30 (T30) d of ripening. A different FA profile and a 
significant increase in protein and casein were observed 
in LG+ milk samples compared with CG milk. Regard-
ing cheeses, an increase of proteins and fat was found 
in LG+ cheeses, which also were harder, more elastic, 
and more gummy than the CG samples after both 3 
and 30 d of ripening. A different protein profile was 
detected in the 2 groups without significant variations 
in casein fractions (αs2-casein and β-casein) during rip-
ening. Moreover, greater oxidative stability was found 
in LG+ cheeses at both T3 and T30. Different families 
of volatile compounds were detected in T30 cheeses 
obtained from both groups. A significant reduction of 
octanoic acid and an increase in nonanal and ketones 
were found in LG+ T3 cheeses, whereas the LG+ T30 
cheeses were characterized by a significant decrease of 
hexanoic acid an increase of 3-methyl-1-butanol and 
acetoin. We concluded that it is possible to assert that 
dietary integration with dried licorice root modified 
chemical and technological properties of goat cheeses, 
reducing lipid oxidation during ripening and inducing 

changes in texture that could improve consumer ac-
ceptability, although further studies are needed from 
this point of view.
Key words: licorice root, dairy goat, volatile 
compound, proteolysis

INTRODUCTION

Interest in goat milk is increasing, due to its recog-
nized nutritional properties compared with cow milk 
(Raynal-Ljutovac et al., 2008; Silanikove et al., 2010). 
In fact, compared with cow milk, goat milk is charac-
terized by smaller fat globule size and greater content 
of proteins of high biological value, essential fatty acids 
(FA), minerals, and vitamins (Haenlein, 2004; Park 
and Haenlein, 2007). Goat milk FA profile consists of 
a larger content of medium-chain FA such as caproic 
(C6:0), caprylic (C8:0), and capric (C10:0) acids, which 
represent up to 15 to 18% of total FA in goat milk and, 
due to their great energy-giving facility, play a key role 
in human nutrition (Haenlein, 1992; Park, 1992; Sanz 
Sampelayo et al., 2007).

Chemical-nutritional composition and renneting 
properties of milk are influenced by several factors, 
including animal species, breed, genotype, stage of 
lactation, and diet (Morand-Fehr et al., 2007). These 
factors can affect milk quality and influence its pro-
cessability for cheesemaking. During cheese ripening, 
protein and fat undergo biochemical processes that 
contribute to their degradation (McSweeney and Sousa, 
2000). Proteolysis is responsible for the development of 
flavor determinants, such as amino acids and peptides, 
and moreover induces changes in texture and water 
binding capacity as a result of the newly formed amino 
and carboxyl groups (Sousa et al., 2001). Lipolysis is 
due to the presence of lipolytic enzymes that cleave 
the ester bonds between fatty acids and glycerol in 
triacylglycerol. Such a mechanism produces free fatty 
acids (FFA) with chain lengths ≥ C4, glycerol, and 
mono- and diacylglycerols. Free fatty acids, especially 
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short-chain FFA, have been considered responsible for 
the characteristic aroma of goat cheeses (Salles et al., 
2002; Chilliard et al., 2003).

One of the best strategies to improve the chemical-
nutritional properties of milk and dairy products is to 
act on the animals’ diet (Ianni et al., 2019a). Several 
studies have shown that diet supplementation with 
plants rich in bioactive compounds can positively influ-
ence animals’ health, growth, and productivity (Wag-
horn and McNabb, 2003; Durmic and Blache, 2012). 
Licorice grows easily in Italy, mainly in the southern 
regions (Sicily, Calabria, and Abruzzo), and it is one of 
the most widely investigated and economically impor-
tant medicinal plants. Fresh licorice root is composed 
of approximately 20% moisture, 6% ash, 30% starch, 
8% protein, 1.35% fat, 15 to 20% sugars, and high 
contents of magnesium, calcium, potassium, sodium, 
zinc, manganese, iron, and copper. Licorice root has 
a relevant amount of phenols (0.3 to 0.5%), flavonoids 
(0.1 to 0.2%), triterpene saponins, coumarins, chal-
cones, and isoflavones; it also contains substances with 
antioxidant activity (tannins, carotenoids, and ascorbic 
acid) and other compounds such as asparagine, glucose, 
fructose, FA (C2 to C16), lactones, sterols, and poly-
saccharides (Hayashi et al., 1998). The most important 
and abundant secondary metabolite present in the root 
is glycyrrhizin, a saponinic glucoside formed by the 
union of a lipophilic portion, glycyrrhetinic acid, with 
a hydrophilic chain constituting different molecules of 
sugars. The licorice effects have been evaluated in vitro, 
and antimicrobial (Fukai et al., 2002), antiatheroscle-
rotic (Fuhrman et al., 2002), antioxidative (Vaya et al., 
1997), anti-inflammatory (Yokota et al., 1998), estro-
gen-like (Somjen et al., 2004), antiviral (Fiore et al., 
2008), and radical-scavenging activities (Fukai et al., 
2003) have been reported. Its effects on farm animals 
and dairy products have not yet been well documented.

Because of high consumer demand for foods that are 
healthier and obtained via sustainable farming systems, 
a feeding strategy based on licorice root supplementa-
tion in ruminants seems promising. Therefore, the aim 
of this study was to investigate dietary licorice root 
supplementation on the chemical-nutritional and tech-
nological properties of goat dairy products.

MATERIALS AND METHODS

Experimental Design, Diets, Cheesemaking,  
and Sampling

The experimental plan was performed according to 
Directive 2010/63/EU of the European Parliament 
(European Union, 2010) and Directive 86/609/EEC 
(European Economic Community, 1986), which deal 

with the protection of animals used for scientific pur-
poses.

For the study, we used 30 Saanen goats, homoge-
neous for age (45 ± 3 mo), weight (58.5 ± 3.5 kg), and 
lactation days (80 ± 5 DIM). Animals were divided into 
2 groups of 15 goats each: a control group (CG) and 
an experimental group (LG+) whose diet was supple-
mented with dried licorice root (DLR). The study 
was conducted for 60 d, during which time goats were 
housed in 2 separate areas of free housing with bunks on 
straw, drinking troughs, and access to identical feeding 
areas. In this period, each group received TMR whose 
composition is reported in Table 1. Twice daily, in the 
morning (0800 h) and in the evening (1800 h), animals 
were administered a custom-formulated concentrate 
(Table 1) for a total of 1 kg/head per day. The con-
centrate of the experimental group was supplemented 
with DLR (10 g/head per day). Samples were analyzed 
for DM (method 930.15), CP (method 954.01), ether 
extract (method 920.39), crude fiber (method 962.09), 
and ash (method 942.05) according to AOAC methods 
(AOAC International, 1990). Neutral detergent fiber 
and ADF were determined by the detergent procedures 
of Van Soest et al. (1991).

On d 30 and d 60 of the trial, individual and bulk 
milk samples were collected and partly immediately 
analyzed for composition and partly stored at −20°C 
for further analysis. At the end of the trial, for each 
group, 3 different cheesemakings were performed on 
3 consecutive days (d 60, 61, and 62 from the start 
of the experiment). Approximately 40 L of milk were 
collected daily from each group of goats, which yielded 
6 cheeses/d per group, of about 650 (± 35) g each; 
therefore, for each treatment, a total of 18 cheeses were 
produced (6 cheeses × 3 cheesemakings).

The cheese was produced following the manufactur-
ing protocol reported below. Bulk milk was pasteurized 
at 72°C for 20 s, cooled to 36 ± 1°C, and transferred to 
a container in which mesophilic or thermophilic starter 
bacteria (500 U/5,000 L) were added, followed by 
acidification. Rennet (75% chymosin and 25% pepsin; 
1:18,000 strength; Clerici, Cadorago, Italy) was added 
(15 g/100 kg), and coagulation began after 30 min of 
incubation. The curd was broken into small pieces ap-
proximately the size of hazelnuts, portioned in aliquots 
of about 1 kg, transferred into plastic molds, and kept 
at 48 ± 1.5°C until the pH reached 5.20 ± 0.1. Then, 
a 20% NaCl water solution was used to salt the cheese 
in brine. Thereafter, the salted fresh cheese was stored 
in the ripening room at a controlled temperature of 
10°C ± 0.5 and a relative humidity of 85%. To evaluate 
changes in chemical composition and quality attributes 
due to ripening, one half of the cheeses (9 per group) 
were sampled after 3 d of storage (T3), and the other 
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half was analyzed after 30 d of ripening (T30). Samples 
of cheese were partly immediately analyzed and partly 
vacuum-packed and frozen at −20°C until analysis.

HPLC Determination of Glycyrrhizic Acid

The glycyrrhizic acid content of licorice root was 
evaluated after previous extraction with a methanol: 
water (1:1, vol/vol) solution. The separation of ana-
lytes was carried out using an HPLC chromatographic 
system (Varian, Harbor City, CA) equipped with a Su-
pelcosil LC-18 HPLC column (25 cm × 4.6 mm, 5µm; 
Sigma-Aldrich, Milan, Italy). Isocratic conditions with 
a mobile phase containing 65% methanol, 30% water, 
and 5% acetic acid were used. The flow rate of the 
mobile phase was 1 mL/min, and the column tempera-
ture was set at 40 ± 0.1°C. The peaks were detected 
at 258 nm. Glycyrrhizic acid ammonium salt (Fluka 
BioChemika, Switzerland) was used as the standard to 
obtain a calibration curve that was linear in the range 

of concentration 50 to 250 µg/mL (R2 = 0.996). The 
calculated lines of regression have been used to com-
pute the amount of glycyrrhizic acid.

Chemical Composition of Milk and Cheese

The chemical composition of milk (fat, protein, 
casein, lactose, and urea) was determined using a 
MilkoScan FT 6000 (Foss Integrator IMT; Foss Analyt-
ics, Hillerød, Denmark), and SCC was performed using 
a Fossomatic TM FC (Foss Analytics). Evaluations 
were carried out on individual milk samples collected 
before every cheesemaking, for a total of 45 observa-
tions for each group (15 observations × 3 samplings).

For cheese, DM and total protein contents were de-
termined according to AOAC methods (AOAC Inter-
national, 2000). Lipid extraction was carried out via 
acid hydrolysis. Samples of 2.5 g were homogenized 
in 20 mL of ethanol with 500 µL of 3 N hydrochloric 
acid. The amount of fat and protein was expressed as 
percentage of DM.

Fatty Acid Profiles of Milk and Cheese

The milk lipid fraction was extracted according to 
the AOAC official method (AOAC International, 1990), 
and in cheese the extraction was performed using a 
mix of chloroform and methanol (2:1, vol/vol). The ex-
tracted fat was analyzed for FA composition. For both 
milk and cheese, 50 mg of lipids were reconstituted, 
with 1 mL of hexane containing C21:0 methyl ester 
as internal standard (Sigma-Aldrich), and methylation 
was performed by the addition of 500 µL of sodium 
methoxide in methanol (1:1, vol/vol). Detection of fatty 
acid methyl esters was performed via gas chromato-
graph (Focus GC; Thermo Fisher Scientific, Waltham, 
MA) equipped with a capillary column (Restek Rt-2560 
Column, fused silica 100 m × 0.25 mm highly polar 
phase; Restek Corporation, Bellefonte, PA) and a flame 
ionization detector. Hydrogen was used as carrier gas. 
The initial holding temperature was 80°C for 10 min; 
then it was increased to 172°C at a rate of 4°C/min and 
held for 10 min. The final temperature of 190°C was 
reached at a rate of 4°C/min and held for 10 min. The 
identification of individual fatty acid methyl esters was 
performed by comparing the retention time of a stan-
dard mixture (FIM-FAME7-Mix; Matreya LLC, Pleas-
ant Gap, PA) with those of individual C18:1 trans-11 
and C18:2 cis-9,trans-11 (Matreya LLC). Peak areas 
were quantified using ChromeCard software (Thermo 
Fisher Scientific), and the relative value of each indi-
vidual FA was expressed as a percentage of the total 
FA.
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Table 1. Ingredient and chemical composition of TMR and custom-
formulated concentrate administered to Saanen goats fed a standard 
diet (CG) or a custom-formulated dietary supplement containing 
licorice root (LG+)

Item Value

TMR
 Ingredient, % DM
  Alfalfa hay 38
  Mixed grass hay 25
  Soybean meal 13
  Corn grain meal 12
  Barley meal 5
  Beet pulp, dried 4
  Mineral and vitamin supplement 3
 Chemical composition
  DM, % 87.50
  CP,1 % 16.93
  Ash,1 % 8.53
  Ether extract,1 % 2.68
  NDF,1 % 35.65
  ADF,1 % 24.31

Custom-formulated concentrate CG LG+

 Ingredients, %
  Barley meal 78 77.5
  Soybean meal 19 18.5
  Mineral and vitamin supplement 3 3
  Licorice root — 1
 Chemical composition
  DM, % 86.4 86.4
  CP,1 % 15.3 14.95
  Ash,1 % 5.16 5.19
  Ether extract,1 % 3.64 3.61
  NDF,1 % 9.62 10.02
  ADF,1 % 4.15 4.30
1On a DM basis.
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Cheese Protein Extraction and SDS-PAGE

Protein degradation in cheeses was evaluated via 
SDS-PAGE, using the procedure reported by Laemmli 
(1970). For protein extraction, 1 g of cheese sample was 
dissolved in 20 mL of Tris-glycine 0.01 M, pH 8.3, and 
urea 6 M and homogenized for 2 min. The extract was 
incubated for 2 h at 37°C to facilitate casein solubiliza-
tion. The solution was centrifuged at 10,000 × g (4°C) 
for 15 min, and the supernatant was recovered and fil-
tered through Whatman filter paper to remove fat and 
other insoluble solids. The extracted proteins were then 
quantified using the Bradford method (Bradford, 1976) 
with BSA as standard. Protein extracts were mixed with 
equal volume of sample buffer [0.5 M Tris-HCl, pH 6.8; 
2% (wt/vol) SDS; 7% (vol/vol) glycerol; 4.3% (vol/vol) 
β-mercaptoethanol; 0.0025% (wt/vol) bromophenol 
blue]. The mixture was boiled for 5 min to inactivate 
enzymes and denaturate proteins. Protein samples (10 
µg) were loaded onto a 15% SDS-PAGE for separation. 
Gels were stained with 0.5% (wt/vol) Coomassie Blue 
R-250, dissolved in 50% (vol/vol) methanol and 10% 
acetic acid for 45 min and destained with 10% acetic 
acid and 50% (vol/vol) methanol. Molecular weights 
of the polypeptides were estimated using a molecular 
weight calibration kit (Precision Plus Protein All Blue 
Standards, Bio-Rad, Segrate, Italy), and SDS-PAGE 
was performed in triplicate. Densitometric analysis 
of the bands was performed using ImageJ software 
(Rasband, 2012), and the content of caseins and low 
molecular weight products (LMWP) was expressed as 
a percentage of the total protein content.

Evaluation of Lipid Oxidation in Cheese  
by Thiobarbituric Acid Reactive Substance Test

Lipid oxidation in cheeses was evaluated by measur-
ing thiobarbituric acid reactive substances (TBARS). 
Analysis was performed according to the procedure 
reported by Grotta et al. (2017). For each sample, an 
aliquot of 2.5 g of cheese was mixed with 500 µL of 
0.1% butylated hydroxytoluene in methanol, to stop 
the oxidation process. The mixture was homogenized 
in 20 mL of an aqueous solution of 7.5% trichloroacetic 
acid and then subjected to distillation. An aliquot of 
5 mL of each distillate was mixed with an equal vol-
ume of a 0.02 M thiobarbituric acid (TBA) solution 
in 90% acetic acid. The solution was kept for 45 min 
in a thermostated bath at 95°C, and after cooling, the 
absorbance at 534 nm was evaluated with a spectro-
photometer (Jenway, Wickford, UK). The amount of 
malondialdehyde of each sample was calculated using a 
calibration curve, and results were expressed in micro-
grams of malondialdehyde per kilogram of DM.

Volatile Compounds Analysis

Extraction of volatile compounds from cheese 
samples was performed via solid-phase microextrac-
tion, and GC-MS analysis was performed with a gas 
chromatograph (Clarus 580; Perkin Elmer, Waltham, 
MA) coupled with a mass spectrometer (SQ8S; Perkin 
Elmer). The GC was equipped with an Elite-5MS col-
umn (length × internal diameter: 30 × 0.25; 92 mm; 
film thickness: 0.25 µm; Perkin Elmer). Five grams 
of cheese, previously grated, were mixed with 10 mL 
of saturated sodium chloride solution (360 g/L), and 
then 10 µL of internal standard solution (4-methyl-
2-heptanone; 10 mg/kg in ethanol) was added. The vi-
als were sealed with a polytetrafluoroethylene-silicone 
septum (Supelco, Bellefonte, PA) and stirred at 60°C; 
volatile compounds were extracted from the headspace 
with a divinylbenzene-carboxen-polydimethylsiloxane 
solid-phase microextraction fiber (length: 1 cm; film 
thickness: 50/30 µm; Supelco) with an exposition time 
of 60 min. After adsorption time, the extracted volatile 
organic compounds were thermally desorbed into the 
gas chromatograph injector splitless mode for 1 min 
at 250°C. The oven temperature was held at 50°C for 
1 min, increased at a rate of 3°C/min up to 200°C and 
held for 1 min, and then increased from 200°C to 250°C 
at 15°C/min and held for 15 min. Helium was used as a 
carrier gas at a flow rate of 1 mL/min. The mass spec-
trometer operated in electron impact ionization mode 
at 70 eV, and data were collected in full scan mode, 
with a scan time of 0.2 s over a mass range of 35 to 350. 
Source and interface temperature were held at 250°C. 
Volatile compounds were identified by comparison 
with mass spectra of a library database (NIST Mass 
Spectral library, Search Program version 2.0, National 
Institute of Standards and Technology, US Department 
of Commerce, Gaithersburg, MD) and by comparing 
the eluting order with Kovats indices.

Texture Profile Analysis

Evaluation of mechanical properties of cheese was 
performed using the dynamometer Instron UTM 5542 
(Instron, Wycombe, UK) equipped with a flat probe of 
3-cm diameter, which allows reproduction of the con-
ditions applied during mastication through a double-
cyclic compression test (Texture Profile Analysis, TPA; 
Bourne, 1968). The experimental parameters adopted 
were as follows: pre-load = 0.05 N; test speed = 30 
mm/min; deformation = 30%. For each cheese sample, 
a minimum of 20 parallelepiped-shaped aliquots (1.5 
× 1 × 1 cm) were prepared, equilibrated at 20°C, and 
analyzed. The parameters determined from the force-
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deformation graph were hardness, cohesiveness, and 
gumminess.

Statistical Analysis

All experiments were performed in triplicate, and the 
results were reported as mean ± standard deviation 
(SD). The SigmaPlot 12.0 software (Systat Software, 
Inc., San Jose, CA) for Windows operating system was 
used to analyze the statistical significance of the differ-
ences between the averages for each group. For chemical 
parameters and FA profile of milk, the means and SD 
were calculated and compared using t-test. The remain-
ing parameters, evaluated on cheese obtained at the 
end of the trial, were analyzed using 1-way ANOVA, 
and means were compared through Tukey’s test. With 
regard to volatile compounds and FA profile in cheese, 
the diet was included as fixed effect in the statistical 
model, and the analysis was performed independently 
for 3- and 30-d ripened cheeses; the 2 data sets were 
processed separately, and the ripening effect was not 
tested. A P-value lower than 0.05 was considered sta-
tistically significant.

RESULTS

Milk and Cheese Chemical Composition

In milk, as reported in Table 2, dietary DLR integra-
tion resulted in a significant increase in casein (3.06 ± 
0.33% vs. 2.36 ± 0.40%; P < 0.01) and protein (4.22 
± 0.41% vs. 3.39 ± 0.46%; P < 0.01). The SCC was 
lower (P < 0.05) in LG+ compared with the CG. No 
significant variations in urea, lactose, or fat content 
were observed between the 2 groups.

Chemical composition of cheeses was affected by diet; 
in fact, protein and fat percentages increased in LG+ 
samples (Table 3). Moisture content was lower (P < 
0.05) in the T3 LG+ cheese compared with the CG 
cheese and, as expected, decreased significantly after 30 
d of ripening in CG but not in LG+ samples.

Fatty Acid Profile and Lipid Oxidation in Cheese

Dietary integration with DLR modified the FA 
profile (Table 4) of milk, with a significant increase of 
saturated FA (76.47 ± 0.01% vs. 71.79 ± 0.81%; P < 
0.001) and a significant reduction of MUFA (15.93 ± 
0.66% vs. 19.70 ± 0.64%; P < 0.001) and PUFA (2.76 
± 0.11% vs. 3.35 ± 0.27%; P < 0.001). Furthermore, 
we observed an increase of MUFA (38.44 ± 1.19% vs. 
34.33 ± 0.89%; P < 0.001) and a decrease of long-chain 
FA (53.59 ± 1.18% vs. 57.66 ± 1.10%; P < 0.01). The 
major changes concerned the increase of caprylic (C8:0; 

P < 0.01), capric (C10:0; P < 0.001), lauric (C12:0; P 
< 0.001), myristic (C14:0; P < 0.05), palmitic (C16:0; 
P < 0.001), and palmitoleic acids (C16:1; P < 0.01), 
and a reduction of margaric (C17:0; P < 0.001), stearic 
(C18:0; P < 0.001), arachidic (C20:0; P < 0.01), be-
henic (C22:0; P < 0.01), oleic (C18:1 cis-9; P < 0.001), 
linoleic (C18:2; P < 0.001), and linolenic acids (C18:3; 
P < 0.001).

As observed in milk, the FA profile of cheese (Table 
4) was also influenced by diet, with a significant in-
crease of saturated FA (79.91 ± 1.38% vs. 71.30 ± 
2.05%; P < 0.001) and a reduction of MUFA (13.00 ± 
1.19% vs. 19.74 ± 1.22%; P < 0.001) and PUFA (2.46 
± 0.19% vs. 3.78 ± 1.13%; P < 0.05). In particular, 
the LG+ diet resulted in a significant increase of short-
chain FA (4.16 ± 0.65% vs. 2.86 ± 0.76%; P < 0.05) 
and a decrease in medium-chain (34.46 ± 2.53% vs. 
44.84 ± 2.43%; P < 0.001) and long-chain FA (57.49 ± 
3.10% vs. 46.67 ± 3.04%; P < 0.001). The TBA values 
in fresh LG+ cheeses were lower compared with those 
of CG cheeses (0.29 ± 0.03 vs. 0.48 ± 0.02 µg/kg; P < 
0.05). Lipid oxidation increased at the end of ripening 
(T30), but the LG+ samples remained at lower values 
than did the CG samples (0.34 ± 0.01 vs. 0.53 ± 0.06 
µg/kg; P < 0.05).

SDS-PAGE Analysis

The SDS-PAGE of proteins extracted from CG and 
LG+ cheese samples after 3 and 30 d of ripening is 
showed in Figure 1. Under our experimental conditions, 
cheese proteins were separated into clear bands for αs2-
casein (αS2-CN), β-casein (β-CN), and several LMWP. 
A different protein profile was observed between the 2 
groups. The β-CN bands were the most abundant in all 
cheese samples, even if a higher intensity was detected 
in LG+ cheeses compared with CG, both at T3 (P < 
0.05) and at T30 (P < 0.001). However, insignificant 
variations were observed in CG and LG+ cheeses dur-
ing ripening. The αs2-CN was more abundant in LG+ 
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Table 2. Chemical composition of milk obtained from the control 
group (CG) of Saanen goats and the experimental group (LG+) fed 
a custom-formulated diet supplemented with licorice root; values 
expressed as mean ± SD (n = 45)

Item CG LG+ P-value

Casein, % 2.36 ± 0.40 3.06 ± 0.33 **
Lactose, % 3.71 ± 0.39 4.01 ± 0.24 NS
Fat, % 3.01 ± 0.49 3.15 ± 0.81 NS
Protein, % 3.39 ± 0.46 4.22 ± 0.41 **
Urea, mg/100 mL 62.29 ± 14.25 59.00 ± 3.28 NS
SCC, × 103 cells/mL 492 ± 42 395 ± 25 *

*P < 0.05; **P < 0.01.
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samples compared with CG cheeses (P < 0.001 for both 
T3 and T30), and a negative correlation between αs2-
CN and LMWP was observed. In fact, a lower presence 
of αs2-CN was associated with a greater presence of 
LMWP (P < 0.001 for both T3 and T30).

Texture in Cheese

The results of the compression-and-relaxation test 
(Table 5) showed significant differences between sam-

ples obtained from the 2 feeding strategies. The LG+ 
T3 cheeses proved harder (10.28 ± 3.17 N vs. 3.46 ± 
0.68 N; P < 0.001), more elastic (0.68 ± 0.04 vs. 0.57 ± 
0.03; P < 0.01), and more rubbery (6.95 ± 2.12 N vs. 
1.99 ± 0.43 N; P < 0.001) than the CG cheeses. The 
variations observed in fresh cheeses, except for elastic-
ity, were also found in T30 cheeses; in fact, the LG+ 
T30 cheeses were harder (20.68 ± 3.92 vs. 11.23 ± 4.14; 
P < 0.05) and more rubbery (14.56 ± 2.68 vs. 8.30 ± 
2.97; P < 0.05) than the CG cheeses.
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Table 4. Fatty acid composition of milk and cheese, ripened for 3 d (T3), obtained from Saanen goats fed either a standard control diet (CG) 
or a custom-formulated diet supplemented with licorice root (LG+); values expressed as mean ± SD

Item

Milk

P-value

T3

P-valueCG LG+ CG LG+

C4:0 1.25 ± 0.21 1.31 ± 0.16 NS 1.19 ± 0.39 1.69 ± 0.29 *
C6:0 1.60 ± 0.18 1.81 ± 0.13 NS 1.68 ± 0.38 2.47 ± 0.37 *
C8:0 2.12 ± 0.16 2.53 ± 0.13 ** 2.38 ± 0.39 3.59 ± 0.48 **
C10:0 9.12 ± 0.37 11.22 ± 0.46 *** 10.00 ± 1.19 15.60 ± 1.52 ***
C12:0 6.15 ± 0.19 7.48 ± 0.28 *** 6.54 ± 0.54 9.87 ± 0.52 ***
C14:0 15.04 ± 0.26 15.85 ± 0.49 * 14.95 ± 0.81 15.49 ± 0.15 NS
C15:0 1.30 ± 0.02 0.97 ± 0.02 *** 1.25 ± 0.07 0.86 ± 0.02 ***
C16:0 28.88 ± 0.19 30.55 ± 0.35 *** 27.53 ± 1.21 26.85 ± 1.39 NS
C17:0 0.65 ± 0.02 0.40 ± 0.02 *** 0.64 ± 0.04 0.29 ± 0.02 ***
C18:0 5.27 ± 0.25 4.13 ± 0.23 *** 4.84 ± 0.36 3.07 ± 0.25 ***
C20:0 0.25 ± 0.03 0.17 ± 0.02 ** 0.22 ± 0.02 0.10 ± 0.01 ***
C22:0 0.16 ± 0.05 0.06 ± 0.01 ** 0.10 ± 0.01 0.03 ± 0.01 ***
 Total SFA 71.79 ± 0.81 76.47 ± 0.01 *** 71.30 ± 2.05 79.91 ± 1.38 ***
C14:1 0.60 ± 0.01 0.40 ± 0.01 *** 0.61 ± 0.04 0.30 ± 0.01 ***
C16:1 0.71 ± 0.04 0.83 ± 0.06 ** 0.93 ± 0.37 0.75 ± 0.03 NS
C18:1 trans-11 0.45 ± 0.10 0.49 ± 0.09 NS 0.47 ± 0.10 0.41 ± 0.16 NS
C18:1 cis-9 17.71 ± 0.55 14.03 ± 0.59 *** 17.47 ± 1.04 11.39 ± 0.98 ***
C18:1 cis-11 0.24 ± 0.02 0.17 ± 0.01 *** 0.27 ± 0.05 0.15 ± 0.02 **
 Total MUFA 19.70 ± 0.64 15.93 ± 0.66 *** 19.74 ± 1.22 13.00 ± 1.19 ***
CLA 0.55 ± 0.26 0.48 ± 0.26 NS 0.48 ± 0.05 0.42 ± 0.05 NS
C18:2 2.12 ± 0.06 1.90 ± 0.06 *** 2.64 ± 1.05 1.80 ± 0.12 NS
C18:3 0.67 ± 0.02 0.37 ± 0.02 *** 0.65 ± 0.08 0.24 ± 0.02 ***
 Total PUFA 3.35 ± 0.27 2.76 ± 0.11 *** 3.78 ± 1.13 2.46 ± 0.19 *
Others 5.16 ± 0.05 4.85 ± 0.04 *** 5.18 ± 0.15 4.63 ± 0.02 NS
SCFA1 2.85 ± 0.39 3.13 ± 0.28 NS 2.86 ± 0.76 4.16 ± 0.65 *
MCFA2 34.33 ± 0.89 38.44 ± 1.19 *** 34.46 ± 2.53 44.84 ± 2.43 ***
LCFA3 57.66 ± 1.10 53.59 ± 1.18 ** 57.49 ± 3.10 46.67 ± 3.04 ***
1C4:0 and C6:0.
2C8:0 to C15:0.
3C16:0 to C22:0.
*P < 0.05; **P < 0.01; ***P < 0.001.

Table 3. Chemical and nutritional composition of cheeses at 3 (T3) and 30 (T30) d of ripening, from Saanen 
goats fed either a standard control diet (CG) or a custom-formulated diet supplemented with licorice root 
(LG+); values expressed as mean ± SD

Item

T3

 

T30

CG LG+ CG LG+

Fat, % 36.06A ± 2.57 36.43A ± 1.33 30.27a,B ± 1.83 36.67b,A ± 2.19
Protein, % 47.19A ± 1.12 48.75A ± 0.74 39.48a,B ± 1.30 47.54b,A ± 1.32
DM, % 41.62a,A ± 1.76 57.56b,B ± 1.03 48.12c,C ± 0.88 58.90d,B ± 0.75
a–dMeans with different lowercase superscript letters are significantly different by diet.
A–CMeans with different uppercase superscript letters are significantly different by period.
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Volatile Compounds

In T30 cheeses, more families of volatile organic 
compounds were identified than in T3 samples (Table 
6). Both at the beginning and at the end of ripening, 
the most abundant class of compounds was carboxylic 
acids, reflecting a marked lipolysis. In T3 samples, 
dietary DLR supplementation proved effective in in-
ducing lower concentrations of octanoic acid (29.17 ± 
1.67% vs. 36.75 ± 2.15%; P < 0.05), a significantly 
higher amount of nonanal (5.18 ± 0.46% vs. 0.40 ± 
0.06%; P < 0.01), and a general increase in ketones 
(acetoin, 2-heptanone, 2-nonanone; P < 0.01). Further-

more, ripened LG+ cheeses evidenced a marked reduc-
tion of hexanoic acid (14.21 ± 1.55% vs. 20.64 ± 1.81%; 
P < 0.05) and significant increases in concentration of 
3-methyl-1-butanol (1.89 ± 0.25% vs. 0.31 ± 0.04%; P 
< 0.01) and acetoin (1.80 ± 0.19% vs. 0.30 ± 0.04%; 
P < 0.01).

DISCUSSION

Dietary supplementation with licorice influenced 
the chemical-nutritional composition of milk. A higher 
percentage of casein, protein, and DM, and a decrease 
of SSC, were found in the LG+ milk compared with 
the CG. It has been observed that the amounts and 
compositions of proteins in milk are largely determined 
by the genetics of the animal, but due to the high re-
quirement of protein synthesis for energy, milk protein 
yield can be affected by the energy content of the diet 
(Reynolds et al., 1994). There are currently no studies 
showing how supplementation with licorice root may 
act on SCC; however, some research has demonstrated 
that feeding licorice root indirectly influences SCC by 
promoting the immune defense of the mammary gland 
and reducing incidence of infections. In addition, the 
anti-inflammatory activity of licorice has been already 
well documented (Imanishi et al., 1989; Ohtsuki et 
al., 1992; Nakamura et al., 1993). Our data are also 
supported by a study on lactating cows with mastitis 
caused by coagulase-negative staphylococci, in which 
a decrease of bacterial concentration and SCC in milk 
was demonstrated after intramammary infusions of 
glycyrrhizin (Kai et al., 2003).

Analysis of the chemical composition of cheese showed 
very interesting results, mainly related to the content 
of DM during ripening. At both T3 and T30, dietary 
DLR intake correlated with a higher DM percentage 
in cheese. However the peculiarity of the acquired data 
lies in the fact that, although DM increased during rip-
ening in the CG samples, the LG+ samples showed no 
significant differences between T3 and T30, suggesting 
a higher moisture-retaining capability of these cheeses. 
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Figure 1. Results of SDS-PAGE analysis of proteins in cheeses 
at 3 (T3) and 30 (T30) d of ripening from Saanen goats fed either a 
standard control diet (CG) or a custom-formulated diet supplemented 
with licorice root (LG+). LMWP = low molecular weight peptides.

Table 5. Texture profile analysis of cheeses at 3 (T3) and 30 (T30) d of ripening, from Saanen goats fed 
either a standard control diet (CG) or a custom-formulated diet supplemented with licorice root (LG+); data 
expressed as mean ± SD

Item

T3

 

T30

CG LG+ CG LG+

Hardness, N 3.46a,A ± 0.68 10.28b,B ± 3.17 11.23c,B ± 4.14 20.68d,C ± 3.92
Cohesiveness 0.57a,A ± 0.03 0.68b,B ± 0.04 0.75C ± 0.05 0.71D ± 0.03
Gumminess, N 1.99a,A ± 0.43 6.95b,B ± 2.12 8.30c,B ± 2.97 14.56d,C ± 2.68
a–dMeans with different lowercase superscript letters are significantly different by diet (CG vs. LG+), within 
the single ripening time.
A–DMeans with different uppercase superscript letters are significantly different by period (T3 vs. T30).
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The calculation of fat and protein content on a DM 
basis showed very marked differences in T30 cheeses; 
in fact, the amount of both protein and fat was higher 
in cheese samples obtained after dietary DLR intake. 
These findings are certainly the basis of the variations 
found in textural properties. The lower moisture in 
LG+ cheese probably represents the reason why these 
cheeses were more hard, elastic, and rubbery than CG 
samples, and these differences were observed in both 
fresh and aged cheeses. Our data are in agreement with 
the results of a study in which the addition of licorice 
powder during cheesemaking determined changes in 
the physical properties of goat cheese without altering 
its sensory properties (Šlapkauskaitė et al., 2018). In 
contrast, Bryant et al. (1995) reported an increase in 
hardness in ripened cheddar cheese in the presence of 
lower fat concentration, although the same authors em-
phasized the concept previously reported by Lawrence 
et al. (1987), on the basis of which it is the content 
and composition of caseins and the structural organiza-
tion of proteins that most influence texture in cheese. 
Taking into account the pivotal role of proteins in the 
determination of nutritional and textural properties of 
dairy products, we investigated the protein profiles of 
T3 and T30 cheeses via SDS-PAGE. The SDS-PAGE 
has been widely used to study casein hydrolysis and 

the type of proteolysis in cheeses, because of its high 
resolution and quantitative capability. Changes in tex-
ture of cheeses are determined mainly by proteolysis 
rate, and the evaluation of protein breakdown products 
represents the major index of cheese maturation. The 
extent of degradation is associated with the develop-
ment of the characteristic textures of most varieties of 
cheeses and is important to the development of flavor 
via the formation of peptides and AA (Fox, 1989; Sousa 
et al., 2001). Casein is particularly important, because 
it forms the structural matrix of the curd that retains 
fat and moisture (Lucey and Kelly 1994), and it affects 
cheese yield, curd firmness, syneresis rate, moisture re-
tention, and, ultimately, cheese quality (Lawrence et al., 
1987). In our experimental conditions, the SDS-PAGE 
patterns of LG+ and CG cheese showed absence of αs1-
CN, in both T3 and T30 cheese, and a high presence of 
β-CN. Our data are in agreement with the literature; 
in fact, goat milk contains low concentrations of αs1-
CN, whereas β-CN is the most abundant casein in goat 
milk (Tziboula-Clarke, 2003). Quantitative analysis of 
our cheeses showed that β-CN degradation progressed 
slowly during ripening; high resistance of β-CN to 
proteolysis, as a consequence of a different proteolytic 
activity of non-starter cultures, is highlighted in the 
literature (Hayaloglu et al., 2002; Sarantinopoulos et 
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Table 6. Aromatic profiles of cheeses at 3 (T3) and 30 (T30) d of ripening, from Saanen goats fed either a standard control diet (CG) or a 
custom-formulated diet supplemented with licorice root (LG+); data expressed as mean ± SD (n = 9); ND = not detectable

Item

T3

P-value

T30

P-valueCG LG+ CG LG+

Carboxylic acid
 Butanoic acid ND ND 2.06 ± 0.21 2.60 ± 0.18 NS
 Hexanoic acid 3.40 ± 0.38 ND 20.64 ± 1.81 14.21 ± 1.55 *
 Octanoic acid 36.75 ± 2.15 29.17 ± 1.67 * 26.15 ± 2.24 24.67 ± 2.37 NS
 Decanoic acid 30.77 ± 2.59 33.46 ± 2.97 NS 20.64 ± 1.72 19.00 ± 1.75 NS
 Dodecanoic acid 2.53 ± 0.27 3.53 ± 0.50 NS 1.07 ± 0.09 1.40 ± 0.15 NS
 Tetradecanoic acid ND ND 0.16 ± 0.16 ND
Aldehyde
 Hexanal 1.43 ± 0.17 2.27 ± 0.34 NS 0.47 ± 0.05 0.63 ± 0.06 NS
 Nonanal 0.40 ± 0.06 5.18 ± 0.46 ** 0.50 ± 0.07 0.84 ± 0.09 NS
 3-Methyl-butanal ND ND 0.06 ± 0.01 0.08 ± 0.01 NS
Alcohols
 3-Methyl, 1-butanol 6.19 ± 0.54 ND 0.31 ± 0.04 1.89 ± 0.25 **
 2-Ethyl, 1-exanol 8.02 ± 1.53 ND 1.32 ± 0.15 1.67 ± 0.17 NS
 2-Eptanol ND ND 1.32 ± 0.05 1.08 ± 0.12 NS
 Hexadecanol, trans-9 4.03 ± 0.32 4.30 ± 0.37 NS ND ND
Ketones
 Acetoin 2.98 ± 0.29 9.33 ± 1.37 ** 0.30 ± 0.04 1.80 ± 0.19 **
 2-Heptanone 1.12 ± 0.15 3.36 ± 0.32 ** 9.47 ± 0.82 11.33 ± 1.25 NS
 2-Nonanone 2.36 ± 0.37 8.41 ± 0.83 ** 12.37 ± 1.47 14.73 ± 1.36 NS
Lactones
 δ-Decalactone ND ND 0.20 ± 0.03 0.25 ± 0.03 NS
Esters
 Ethyl hexanoate ND ND 0.55 ± 0.06 0.31 ± 0.04 NS
 Ethyl octanoate ND ND 1.19 ± 0.13 1.87 ± 0.17 NS
 Ethyl decanoate ND ND 1.23 ± 0.13 1.62 ± 0.36 NS

*P < 0.05; **P < 0.01.
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al., 2002). On the other hand, the αs2-CN bands of CG 
cheeses at 3 and 30 d of ripening were less discernable 
compared with those of the LG+ cheeses, suggesting 
a lesser degradation in LG+ cheeses, which could be 
due to a different spatial organization of caseins in 
the matrix. In fact it has been demonstrated that the 
rate of protein degradation is strongly associated with 
the accessibility of proteolytic enzymes to the cheese 
substrates, which is governed by the structure and con-
figuration of the cheese protein (Park, 2001).

The diet enriched with DLR induced changes in 
the FA profile in milk and cheese. In both cases DLR 
dietary supplementation induced in the LG+ samples 
an increase of medium-chain FA (C8:0 to C16:0) and 
a decrease of long-chain FA; moreover, we observed 
an increase of saturated FA and a decrease of MUFA 
and PUFA. This result appears to be in contrast with 
what was previously reported by Szczechowiak et al. 
(2016), who investigated the effects of dietary intake 
of condensed tannins on the FA proportion in rumen 
and milk in dairy cows, finding an effective modulation 
of rumen biohydrogenation and fermentation as well 
as of the microbial population. In particular, the au-
thors reported an increase in concentration of vaccenic 
acid through the inhibition of the last steps of rumen 
biohydrogenation, preventing reduction to stearic acid 
(C18:0). Szczechowiak et al. (2018), using similar ex-
perimental conditions, observed a significant increase of 
the proportion of vaccenic acid and n-3 FA in plasma, 
a predisposing condition for PUFA accumulation in the 
mammary gland, which leads to the secretion of PUFA 
in milk.

Because the FA from C6:0 to C14:0 are synthesized ex 
novo by the mammary gland, it is plausible to suppose a 
stimulatory effect of licorice on lipogenic enzymes. Fatty 
acids with less than 12 carbons are associated with the 
typical flavors of small ruminant cheeses (Salles et al., 
2002). Lauric (C12:0), myristic (C14:0), and palmitic 
acids (C16:0) are considered potentially atherogenic if 
consumed in excess (Haug et al., 2007), whereas short-
chain FA (acetate, propionate, and butyrate) have been 
pointed out as the link between diet, gut microbiota, 
and host energy metabolism (den Besten et al., 2013). 
Because palmitic acid (C16:0) derives partly from the 
diet and partly from ex novo synthesis, its increase in 
LG+ milk and cheese samples could be due to greater 
dietary intake. As previously reported by Yunusova et 
al. (1995), palmitic acid effectively prevails among the 
saturated acids in Glycyrrhiza glabra roots; therefore, 
an increase in concentration in milk is plausible with 
an increase in concentration in the diet. By contrast, 
no variations of linoleic acid (C18:2) were evidenced in 
this study, although the aforementioned authors have 

highlighted its presence in licorice root in high concen-
trations.

The evaluation of TBARS was used in this study as a 
marker for lipid oxidative damage in cheese. It has been 
shown that flavonoids in licorice have an antioxidant 
activity 100 times greater than that of vitamin E (Ju 
et al., 1989). After only 3 d from cheesemaking, the 
TBA values of cheese obtained from the experimental 
group (LG+) were significantly lower than those of the 
CG cheese. At the end of ripening (T30), TBA values, 
as expected, increased, still remaining lower in LG+ 
cheese than in CG. These results may be related to a 
greater presence of licorice root bioactive compounds in 
both milk and cheese that could contribute to inhibi-
tion of the lipid oxidation reactions pathway.

Recently, some evidence has been reported on the 
fact that aromatic profiles of dairy products can be 
influenced by the diet administered to animals, in par-
ticular by using matrices rich in bioactive compounds 
(Bennato et al., 2019; Ianni et al., 2019b). In this study, 
several classes of volatile organic compounds, mostly 
derived from the lypolitic process, were detected in 
both T3 and T30 cheeses. The most represented class 
of compounds is that of FFA, which are reported to be 
involved mainly in the determination of cheese flavor. 
The general increase of these compounds in cheeses is 
frequently explained by the extent of starter cell au-
tolysis, with the consequent release of enzymes, espe-
cially lipases, that promote lipolysis by cleaving the 
ester linkage between an FA and the glycerol of the 
triacylglycerol (Collins et al., 2003). This mechanism 
produces FFA, especially short-chain FFA such as 
butanoic and hexanoic acids, that are considered the 
main determinants of the characteristic aromas of goat 
cheeses (Salles et al., 2002; Chilliard et al., 2003). The 
lower concentration of hexanoic acid in LG+ samples 
at T30 could represent an interesting finding due to 
the fact that this compound is commonly responsible 
for strong and unpleasant odors, described as sweaty, 
rancid, and cheesy (Bertuzzi et al., 2018). With regard 
to aldehydes, the only variation was observed in T3 
cheeses, with a marked increase of nonanal after di-
etary supplementation with DLR. This compound is 
generally released from nonenzymatic auto-oxidation 
reactions, which involve unsaturated fatty acids, both 
free and esterified (Alewijn, 2006); these events are not 
particularly frequent in cheese, but when this reaction 
occurs, it produces straight-chain aldehydes, which are 
responsible for pleasant “green grasslike” aromas (Ber-
tuzzi et al., 2018). Among the alcohols, the only sig-
nificant variation concerned 3-methyl-1-butanol, which 
increased as a result of the DLR intake in T30 samples. 
Because it is a derivative of leucine degradation, this 
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compound represents an indicator of proteolysis and is 
reported to be responsible for alcoholic and fruity odors 
in Swiss-type cheese (Thierry and Maillard, 2002). 
With reference to the ketones, the most interesting 
finding concerned the acetoin increase in LG+ samples 
at both T3 and T30. Several mechanisms have been 
described for the synthesis of ketones (Bertuzzi et al., 
2018); however, the specific increase in acetoin could 
represent an effect of licorice bioactive compounds in 
influencing citrate metabolism. After cheesemaking, 
the residual citrate present in the curd can, in fact, 
be metabolized by citrate-positive lactic acid bacteria 
in acetate and lactate, from which can originate other 
important aromatic compounds such as acetoin, 2,3-bu-
tanediol, diacetyl, and 2-butanone (Singh et al., 2003; 
McSweeney et al., 2017).

CONCLUSIONS

The present study suggest the ability of dietary 
licorice root supplementation to affect the nutritional 
and technological properties of goat dairy products. In 
milk, the increase in protein and casein content and the 
reduction of SCC suggest a positive effect of licorice in 
improving mammary gland functionality. Changes in 
milk composition also influenced chemical and techno-
logical properties of cheese. Evaluation of the volatile 
compound profiles in fresh and ripened cheeses showed 
that dietary licorice intake induced changes that could 
lead to improvements in cheese flavor, especially with 
the drastic reduction of hexanoic acid, commonly re-
sponsible for strong and unpleasant odors. Also, with 
regard to textural analysis, the experimental diet 
should have given rise to cheeses with improved proper-
ties. This aspect is of crucial importance because it 
is this property by which the consumer first identifies 
and judges the product; however, it will be necessary 
to verify whether these changes have any effect on con-
sumer acceptability.
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