@ Journal of Ruminant Research

Print ISSN: 2345 - 4261
Online ISSN: 2345 - 4253

Comparative Effects of Conventional and Nanoliposomal licorice (Glycyrrhiza
glabra) Extract Supplementation on Rumen Fermentation Parameters under
Experimentally Induced Acidosis in vitro

Milad Maghsoudi Parsat, Ghader Jalilzadeh?*, Bahram Dalir-Naghadeh3, Ehsan
Anasori* Behzad Asadnezhad®, Masoud Ahmadjad®

1234 Department of Internal Medicine and Clinical Pathology, Faculty of Veterinary Medicine, Urmia University,
Urmia, Iran, Email: g jalilzadeh@urmia.ac.ir

® Department of Animal Sciences, Faculty of Agriculture, Urmia University, Urmia, Iran.

6 Department of Clinical Sciences, Faculty of Veterinary Medicine, Razi University, Kermanshah, Iran.

Article Info ABSTRACT

Article type: Background and Objective: Rumen acidosis is one of the most

Research Full Paper important nutritional disorders in ruminants, characterized by a
decline in ruminal pH, epithelial damage, disruption of fermentative
pathways, reduced nutrient absorption, and an increas methane
emissions. Subacute ruminal acidosis (SARA) is highly prevalent in
dairy and feedlot cattle and results in significant economic losses
due to reduced milk yield, poor growth performance, veterinary
costs, and energy lost through inefficient fermentation. With
increasing restrictions on the use of antibiotic feed additives, plant-
based additives such as Glycyrrhiza glabra (licorice) have gained
attention due to their antimicrobial, anti-inflammatory, and
fermentation-modulating properties. However, many plant extracts

Avrticle history: have limitations such as low solubility, instability, and poor

Received: 04/12/2025 bioavailability. Nanoliposome technology offers a promising
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Accepted: 17/05/2026 strategy to improve stabll}ty, contrqlled release, and bioefficacy of
bioactive compounds. This study aimed to evaluate the effects of
free and nanoliposome-encapsulated licorice extract on ruminal
fermentation parameters, methane production, protozoal population,
and pH stabilization under normal and acidosis-induced conditions.

Materials and Methods: This in vitro study was conducted using
rumen fluid collected from fistulated Holstein bulls. Nanoliposomes
were synthesized via thin-film hydration and loaded with
standardized commercial licorice extract containing 19-24%
glycyrrhizin. The basal diet with a forage-to-concentrate ratio of
70:30 was used, with three treatments: basal diet alone, basal diet
plus free licorice extract, and basal diet plus nanoliposome-
encapsulated extract. Buffered rumen fluid was incubated at 39 °C
under continuous CO,. Gas production was recorded at multiple
intervals up to 120 h. After 24 h of incubation, ruminal pH,

5;%1!\/0"(13' protozoal counts, volatile fatty acids (VFA), methane production,
Methane digestibility, fermentable organic matter, and metabolizable energy
Nanoliposome were measured. An acidosis challenge test was performed by adding
Licorice dextrose to induce rapid fermentation. Data were analyzed using the

" o .
umen acidosis mixed model procedure of SAS and Tukey’s test for mean

A



comparison.

Findings: Nanoliposomes exhibited a uniform spherical
morphology with a hydrodynamic diameter of 122.2 nm and a low
PDI (0.013), indicating high stability and homogeneity. Both free
and nanoliposome licorice extract reduced lag time and increased
early-stage fermentation rate, while decreasing gas production
during late fermentation (48—120 h). Treatments increased butyrate
concentration while decreasing acetate and propionate, resulting in a
lower total VFA concentration and reduced methane production.
The nanoliposome treatment caused a greater reduction in protozoal
population compared with free extract and maintained a
significantly higher ruminal pH, particularly under acidosis-induced
conditions. Ammonia-nitrogen concentrations and substrate
degradability remained within optimal ranges, indicating no adverse
effects on overall microbial activity. In the acidosis challenge,
nanoliposome licorice extract more effectively prevented severe pH
decline and showed superior buffering and stabilization capacity,
while supporting adequate microbial fermentation.

Conclusion: Encapsulation of licorice extract in nanoliposomes
enhanced its functionality in modulating rumen fermentation,
reducing methane emission, lowering protozoal counts, and
maintaining ruminal pH during acidosis. Controlled release and
improved stability of the encapsulated extract provided more
sustained biological effects compared with the free form. These
findings suggest that nanoliposome-encapsulated licorice extract can
serve as an effective natural additive for mitigating SARA,
improving nutrient utilization, enhancing  environmental
sustainability, and potentially reducing reliance on antibiotic feed
additives in ruminant nutrition.
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Table 1. Effects of adding pure licorice extract and nanoliposomal licorice extract to an acidogenic diet on
cumulative gas production at different incubation times and gas production kinetic parameters (mL per 500 mg of

dry matter)
Groups b LS
Tor o s Al 05l sS51 glals 5
ol e e Sile s oLz 25556 o) sl o jlas Incubation
Nanoliposome Control ;
P-value SEM extract Pure extract times
<0.0001 0.60 5.63 5.18 5.03 2
<0.0001 0.60 9.47° 7.28% 7.68° 4
<0.0001 0.60 16.31° 16.01° 13.54° 6
<0.0001 0.60 22.02° 22.10° 18.88° 8
<0.0001 0.60 27.29° 28.41° 24.15° 10
<0.0001 0.60 36.07° 37.49° 34.43° 12
<0.0001 0.60 56.00° 57.50° 59.22° 24
<0.0001 0.60 85.34° 88.12° 91.49* 48
<0.0001 0.60 108.58° 112.62° 117.64° 72
<0.0001 0.60 117.89° 123.20° 129.71% 9
<0.0001 0.60 123.90° 128.84° 136.32° 120
Coefficient .| -
B
0.036 3.40 133.21° 138.84° 149.55° ml/500 mg )
(DM
C
0.028 0.001 0.024° 0.023a 0.021° ml/500 mg )
(DM
0.016 0.04 0.06" 0.32° 1.09° Lag time (h)

¢

(P<e/00) Wi ls gls me sl [ KouSo b ool a3l coslize Gog o b sla o Sile sy o ™
e Al e > 0l Lag time ml/500 mg DM o>, 55 1 &€ ml/500 mg DM o, 58 W55 |y B

*“Means within each row with different superscript letters are significantly different (P < 0.05).
B: Gas production potential (ml/500 mg DM), C: Gas production rate (ml/500 mg DM)
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Figure 2: Comparative effects of different experimental groups and control on gas production kinetics at
various incubation times in acidogenic diet
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Table 2. Effect of adding free and nanoliposome-encapsulated licorice extract to an acidotic diet on volatile fatty acid
production after 24 h of incubation

Groups ;e S Slaais |5
Sl sne o Sile s ol Jbo 335 556 o jlas sl o slas Al Fermentation
P-value SEM Nanoliposome extract Pure extract Control parameter
Ao gl 5
0.02 0.26 71.09° 71.14° 74.33* Gad o Jn ko)
Total VFA (mmol/L)
(4 3) S s el
0.08 0.026 0.63 0.71 0.50 ) .
(/) Valeric acid
(Aoy3) S M5 5551
0.13 0.015 0.42 0.37 0.47 L
(/) Isovaleric acid
(40 33) S 5 52 ol
0.02 0.23 24.65° 24.60° 21.96 L
(4o ,3) Butyric acid
SRl S n
< s
0.03 0.09 24.98° 25.11° 26.03* (00 S
Propionic + isobutyric
(/) acid
(o )3) Szl Aol
0.01 0.15 49.30° 48.18° 51.02* ) L
(/) Acetic acid

(P<e/00) Wjls ssls e sl A L gulel a3l sline G b gl Sile bL:;JjA).sa_c

**Means within each row with different superscript letters are significantly different (P< 0.05).
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Table 3. Effect of adding pure and nanoliposome-encapsulated licorice extract to acidogenic diet on
fermentation parameters after 24 h incubation.

Groups e
Lo oLzl St e G Slaasin | 3
s e e o Jesimdsbotas s e FWES e
oSoke Nanoliposome ermentation parameters
P-value extract Pure extract Control
SEM
PSSk 00 Sl 4 A ke O
0.02 0.16 39.86° 40.72° 42.34° (ot oole
Methane (mL per 500 mg
DM)
0.01 0.07 6.89° 6.81° 6.74° pH
(x\ ~°/m1) uaj)jj}}[ Corar
0.01 0.06 18.00°¢ 1870b 19.20° Protozoa populatlon
(cells 1011 mL)
: Lol &3l
0.03 0.20 12.59" 11.57 10.06° (o dr %M Sl
Ammonia (mmol/L)
. b . (Az3) (S iy 2
0.04 0.20 35.51 35.00 36.50

(/) Dry matter digestibility

(P<e/00) K5 gls e sl ZaG b bl sl cosline Gy b sle o S0le s,y s 3

*“Means within each row with different superscript letters are significantly different (P< 0.05).
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Table 5- Effect of adding pure and nanoliposomal licorice extract on induced rumen acidosis

Groups ;L.
TS A DO oslas oslas L IS 5ol S Glaamin | 3
_ Jlesssad 56 e . oL Al Fermentation
sl 5Ske i Positive 1 parameters
p Nanoliposo Pure control Uncontrolle Contro
-value SEM S
me extract extract d acidosis
NS
ovr il 4 sl e
e St esle (:va}.a
<0.0001 0.13 28.23% 27.41° 15.60° 26.40° 12.36
cela Vi
Gas production
(mL/500 mg DM)
24™ hour
<0.0001 0.01 6.40° 6.36° 6.17° 6.05¢ 6.88° pH

P<e/00) L5 gls gme sl S0 b ool sl oslie G, b sl o Sls Cinny a3
*“Means within each row with different superscript letters are significantly different (P< 0.05).
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Figure 3: Comparison of pH values at different levels of gas production in various induced acidosis groups
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