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Anti-fatigue efficacy and mechanism of curcumin fermented by
Lactobacillus delbrueckii subsp. bulgaricus CCFM1520

SUN Mengdi, TANG Xin*, LIU Fei, MAO Bingyong, ZHANG Qiuxiang, ZHAO Jianxin, CHEN Wei,
CUI Shumao

School of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu, China

Abstract: [Objective] Curcumin exhibits diverse pharmacological activities, yet its clinical and
industrial applications are largely limited by its poor water solubility and low oral bioavailability.
The present study was designed to evaluate the anti-fatigue efficacy of curcumin fermented by
Lactobacillus delbrueckii subsp. bulgaricus CCFM1520 and to preliminarily elucidate the
underlying mechanism responsible for its anti-fatigue effects. [Methods] The bioconversion
efficiency of curcumin and its metabolites by CCFMI1520 were quantified via in vitro
bioconversion assays. A mouse model of fatigue was established by combining forced swimming
with chronic restraint stress. Mice were randomized into six groups: blank control, model,
curcumin, CCFM1520, CCFM1520-curcumin synbiotic, and CCFM1520-fermented curcumin. The
anti-fatigue efficacy of fermented curcumin was comprehensively assessed from behavioral
parameters, serum level of oxidative stress markers [superoxide dismutase (SOD), glutathione
peroxidase (GSH-Px), malondialdehyde (MDA)], and cerebral levels of neurotransmitters
[dopamine (DA) and norepinephrine (NE)]. Real-time quantitative PCR was performed to examine
the mRNA expression profiles of genes associated with the nuclear factor erythroid 2-related factor
2/heme oxygenase-1 (Nrf2/HO-1) signaling pathway in the skeletal muscle and the brain-derived
neurotrophic factor/tyrosine kinase receptor B (BDNF/TrkB) signaling pathway in the brain tissue.
[Results] CCFM 1520 converted curcumin at an efficiency of 62.39%, efficiently converting it into
tetrahydrocurcumin. Compared with unfermented curcumin, the fermented product significantly
improved behavioral outcomes, including prolonged exhaustive swimming time, shortened escape
latency in the water maze, and increased swimming distance. In addition, the fermented product
significantly enhanced the activities of SOD and GSH-Px and reduced the content of MDA in the
serum, and simultaneously elevated the levels of DA and NE in the mouse brain. Mechanism
studies revealed that fermented curcumin up-regulated the mRNA levels of Nrf2 and HO-1 in the
muscle tissue and BDNF and TrkB in the brain tissue. [Conclusion] L. delbrueckii subsp.
bulgaricus CCFM1520 efficiently converts curcumin into more bioactive metabolites. These
metabolites exert a pronounced anti-fatigue effect by enhancing antioxidant capacity and
modulating neurotransmitter balance. This study provides a novel strategy and a theoretical basis
for developing high-efficacy anti-fatigue functional foods.

Keywords: Lactobacillus delbrueckii subsp. bulgaricus; curcumin; probiotic conversion; anti-
fatigue
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Table 1 Animal experimental design

Group Abbreviation  Gavage substance

Control group NC Normal saline

Modeling group MC Normal saline

Curcumin group CUR 100 mg/kg CUR

Lactobacillus delbrueckii subsp. bulgaricus CCFM1520 5x10° CFU/mL

CCFM1520 strain group

Lactobacillus delbrueckii subsp. bulgaricus Syn 100 mg/kg CUR and 5x10° CFU/mL viable CCFM1520
CCFM1520-curcumin combination preparation group bacteria

Lactobacillus delbrueckii subsp. bulgaricus Fmt CCFM1520-CUR fermentation broth with a CUR dosage

CCFM1520 fermented curcumin group

of 100 mg/kg before fermentation
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Table 2 Primers used in this study

Primer names  Primer sequences (5—3")

p-actin F: CCTTCCTTCTTGGGTATGGA

R: GGTCTTTACGGATGTCAACG
Nrf2 F: TCTTGGAGTAAGTCGAGAAGTGT

R: GTTGAAACTGAGCGAAAAAGGC
HO-1 F: AAGCCGAGAATGCTGAGTTCA

R: GCCGTGTAGATATGGTACAAGGA
BDNF F: CCCGGTGTCGCCCTTAAAAA

R: TCTCACCTGGTGGAACTTCTTT
TrkB F: CTGGGGCTTATGCCTGCTG
R: AGGCTCAGTACACCAAATCCTA
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Tetrahydrocurcumin reference standard
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Figure

1

LC-MS/MS profiles of curcumin and tetrahydrocurcumin before and after fermentation, and

metabolite profile of the fermented curcumin broth. A: LC-MS/MS chromatogram of curcumin reference

standard; B: LC-MS/MS chromatogram of curcumin before fermentation, C: LC-MS/MS chromatogram

of curcumin after fermentation; D: LC-MS/MS chromatogram of tetrahydrocurcumin reference standard; E:
LC-MS/MS chromatogram of tetrahydrocurcumin before fermentation; F: LC-MS/MS chromatogram of

tetrahydrocurcumin after fermentation; G: Metabolite profile of CCFM1520-fermented curcumin broth.
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Exhaustion swimming time, latency period, and total distance moved in mice. A: Exhaustive

swimming time; B: Latency; C: Distance traveled. **: P<0.01; ***: P<0.001.
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Figure 3 Representative histological images of the mouse gastrocnemius muscle (20x).
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Figure 4 Oxidative stress-related parameters in mouse serum. A: SOD level in mouse serum; B: MDA level in

mouse serum; C: GSH-Px level in mouse serum. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 Analysis of neurotransmitter levels in mouse brain tissue. A: DA level in mouse brain tissue; B: NE

level in mouse brain tissue. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 6 Gene expression of Nrf2 and HO-1 in mouse muscle tissue. A: Relative Nrf2 mRNA expression; B:
Relative HO-1 mRNA expression. *: P<0.05; ***: P<0.001.
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Figure 7 Analysis of BDNF and TrkB genes expression in the brain. A: Relative BDNF mRNA expression; B:

Relative TrkB mRNA expression. *: P<0.05; ***: P<0.001.
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