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ABSTRACT
Background: Turnip (Brassica rapa L.) is a biennial plant, which belongs to 
Cruciferae Brassica, and is widely distributed at an altitude of 3000‑4000 m 
in the Qinghai‑Tibetan Plateau in western China. Turnip has been shown to 
have anti‑hypoxia activities; however, there is limited scientific evidence 
of its anti‑fatigue effects. Objectives: The objective is to evaluate the 
anti‑fatigue properties and characterize the phytochemical compositions 
of turnip. Materials and Methods: Different proportions of turnip 
extract, including the total aqueous extract  (50 mg/kg, per oral,  [p. o.]), 
supernatant  (50  mg/kg, p. o.), and polysaccharide  (50  mg/kg, p. o.), 
were administered to mice, once a day for 20  days; following which, 
the exhaustive swimming time, liver and muscle glycogen, lactate 
dehydrogenase  (LDH), creatine kinase  (CK), blood lactic acid  (BLA), and 
blood urea nitrogen  (BUN) levels were tested. Ultra‑high‑performance 
liquid chromatography and Q‑Exactive Orbitrap high‑resolution 
mass spectrometry were used to analyze the turnip compounds. 
Results: Turnip, especially the supernatant portion, increased the 
exhaustive swimming time (476.01 ± 59.63 vs. 217.89 ± 32.70 s, P < 0.01), 
levels of liver glycogen (87.22 ± 16.28 vs. 18.53 ± 4.82 mg/kg, P < 0.01), 
and muscle glycogen  (5.93  ±  0.51  vs. 2.56  ±  0.62  mg/kg, P  <  0.01); 
decreased the activities of LDH (6,351.84 ± 344.81 vs. 7,359.54 ± 382.48 
U/L, P < 0.01) and CK (974.66 ± 112.89 vs. 1,115.69 ± 113.52 U/L, P < 0.05); 
and decreased the levels of BLA  (8.68 ± 1.86 vs. 10.99 ± 1.52 mmol/L, 
P < 0.05) and BUN (4.40 ± 0.44 vs. 5.21 ± 0.52 mmol/L, P < 0.01) when 
compared to the control group, and exhibited the best performance in 
relieving fatigue. Fourteen low‑molecular‑weight chemicals were detected 
in the supernatant portion, some of which had anti‑fatigue effects. 
Conclusion: Our findings suggest that turnip prevents fatigue in mice and 
has the potential to be developed into health products to reduce fatigue.
Key words: Anti‑fatigue activities, exhaustive swimming test, mice, 
phytochemical compositions, turnip

SUMMARY
•  Turnip has anti‑fatigue effects as it can increase liver and muscle glycogen 

levels, and decrease LDH, CK BLA, and BUN levels. Phytochemical analysis 
demonstrated that turnip contains several energy source substances. Further 

studies on the mechanism and exploitation of turnip should be performed in 
the future.

Abbreviations used: LDH: Lactate dehydrogenase; CK: Creatine kinase; 
BLA: Blood lactic acid; BUN: Blood urea nitrogen; AMS: Acute mountain 
sickness; UHPLC‑Q‑Exactive Orbitrap MS/MS: Ultra‑high‑performance 
liquid chromatography and Q‑Exactive Orbitrap high‑resolution 
mass spectrometry; NAD+: Nicotinamide adenine‑reduction; 
GPCR: G  protein‑coupled receptors; 5‑HMF: 
5‑hydroxymethylfurfural.
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INTRODUCTION
The Qinghai‑Tibetan Plateau is known as the Roof of the World, with an 
average altitude of more than 4,000 m. It covers approximately one‑fourth 
of China’s total area. Every year, millions of newcomers arrive from a low 
altitude to Qinghai‑Tibetan Plateau; therefore, altitude‑related medical 
problems in both Qinghai and Tibet are important considerations 
for further study. Rapid ascent to a high‑altitude environment causes 
symptoms such as fatigue, headache, chest distress, and short breath. These 
symptoms are known as acute mountain sickness  (AMS), which usually 
occurs 6‑12 h after ascending to a high‑altitude environment; if the ascent 
is increased, AMS can last for >3 days.[1] Among these symptoms, fatigue is 
a particularly obvious and challenging problem. With the onset of fatigue, 
labor efficiency decreases by 12.61% and 18.78% at the altitude of 3500 m 
and 4500 m compared to that in low altitude, respectively.[2] Moreover, the 

incidence of fatigue after acute exposure to high‑altitude ranges from 10% 
to 50%.[3] Easing fatigue is key to reducing AMS, and fatigue is a general 
phenomenon of poor acclimatization to hypoxia at high altitude. Hypoxia 
can lead to functional impairment and physiological abnormalities 
of the body because the available oxygen reaching the body tissues is 
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reduced.[4] Hypoxia increases respiratory work, activates the sympathetic 
nervous system, reduces peripheral oxygen content, and aggravates 
fatigue.[5] Hypoxia also decreases mitochondrial oxidative flux and ATP 
production;[6] in which case, the change in energy metabolism may also 
impact high altitude fatigue.[7] Thus, one way to overcome these problems is 
to develop a targeted medicine to strengthen anti‑hypoxia and anti‑fatigue 
capability. Currently, several drugs are available for the treatment of 
high‑altitude illnesses, including acetazolamide,[8,9] dexamethasone,[10] 
nifedipine,[11] and aminophylline.[12] However, all of these drugs have 
obvious side effects if taken long‑term. For this reason, plants native to the 
plateau have been considered attractive alternatives given that the unique 
growth environment imparts distinct biological activities.
Turnip (Brassica rapa L.) is a biennial plant belonging to Cruciferae brassica, 
which is widely distributed in the Qinghai‑Tibetan Plateau in western 
China at an altitude of 3000‑4000 m. Turnip is one of the oldest cultivated 
vegetables and is recorded in Tibetan medical books as “SiBuYiDian,” with 
anti‑hypoxic effects and the ability to alleviate fatigue. Indeed, turnip root 
is used as a folk medicine by Tibetan people to relieve hypoxia over an 
extended period.[13] Turnip root also contributes to promoting hypoxia 
tolerance in healthy humans.[14] As hypoxia can aggravate fatigue,[5] we 
hypothesized that if a plant had anti‑hypoxic effects, it is conceivable 
that it will also have anti‑fatigue effects. To date, there have been limited 
systematic studies on the anti‑fatigue activities of turnip; therefore, for 
the first time, we aim to evaluate the anti‑fatigue effects and characterize 
the phytochemical compositions in turnip in order to attenuate fatigue 
in people who ascend to a high‑altitude environment. This work has 
significant benefits in terms of development and usage of plateau plants.

MATERIALS AND METHODS
Materials and reagents
Turnip roots were collected from the Yushu in Qinghai, China, on 
October 15, 2019, and verified by Prof. Dr.  Zhangqiang Li, Qinghai 
University, Xining. The sample was deposited in Qinghai University, 
College of Eco‑environmental Engineering, with the herbarium 
plant number BB20191015. The content of liver glycogen, muscle 
glycogen, lactate dehydrogenase  (LDH), creatine kinase  (CK), blood 
lactic acid  (BLA), and blood urea nitrogen  (BUN) was detected 
according to the procedures used by Nanjing Jiancheng Bioengineering 
Institute (Nanjing, China). All other chemicals and reagents used in the 
experiments were analytical grade.

Turnip portion extractions
The air‑dried turnip roots were crushed and extracted three times (1 h 
and each time) with distilled water at 100°C. All of the extracts were 
combined, filtered with a circulating water vacuum pump (SHZ‑D III, 
Zhengzhou Yarong Instrument Co., Ltd., China), and concentrated 
under reduced pressure at 60°C using a rotary evaporator  (EYELA, 
N‑1210, Tokyo, Japan) to obtain the total extract portion  (portion I: 
Aqueous extract). One moiety was removed and four volumes of ethanol 
were added, and the mixture was kept overnight at 4°C. The sample was 
then centrifuged at 4000 rpm for 20 min to obtain the supernatant and 
precipitation. The supernatant was concentrated at 60°C using a rotary 
evaporator (EYELA, N‑1210, Tokyo, Japan) (portion II: Supernatant, the 
percentage yield of supernatant in extract is 64%), and the precipitation 
was washed with ethanol (portion III: Polysaccharide). All three portions 
were recovered by freeze‑drying  (EYELA, FOU‑2110, Tokyo, Japan) 
before evaluating the anti‑fatigue activities.

Evaluation of anti-fatigue effects of turnip in mice
Animal grouping and treatment
Male Kunming mice (18‑22 g) were purchased from the Experimental 
Animal Center of Xi’an Jiaotong University, China  (permit number: 
SCXK 2017‑003). All animals were placed in a well‑ventilated animal 
room at 25°C ± 5°C for 12 h. The care and use of animals were conducted 
in accordance with the standards established by the Guide for the Care 
and Use of Experimental Animals of Qinghai Province and approved by 
the local Ethics Committee. After a week of adaptive feeding, the mice 
were randomly divided into five groups  (n  =  20 per group), and each 
group was randomly divided into two subgroups; 10 mice were subjected 
to the exhaustive swimming test and 10 mice were tested for biochemical 
parameters and orally administered different treatments for 20  days. 
The groups were as follows: The aqueous extract group (50 mg/kg), the 
supernatant group  (50  mg/kg), the polysaccharide group  (50  mg/kg), 
the control group  (distilled water, 10  ml/kg), and the positive control 
group (salidroside, 50 mg/kg).

Exhaustive swimming test
After 20 days, 10 mice in each group were selected for the exhaustive 
swimming test. Briefly, 1 h after the last treatment, the mice were with a 
lead weight, that is, ~5% of the body weight, attached at the base of the 
tail. The mice were placed in the swimming tank (90 cm in length, 60 cm 
in width and 60 cm in depth) with 50‑cm deep water at 25 ± 1°C. The 
mice continued to move their limbs until they were exhausted and failed 
to rise above the surface after 10 s.[15]

Analysis of the biochemical parameters related to 
fatigue
After 20  days, the remaining 10 mice in each group were selected for 
the determination of blood biochemical parameters and glycogen. One 
hour after the last treatment, the mice were placed in the same pool to 
swim without loads for 60 min and then rested for 10 min. Mice were 
anesthetized with an intraperitoneal injection of chloral hydrate (10%, 
0.06 ml/20 g), and blood was collected in 1.5 mL Eppendorf tubes (NEST, 
Guangzhou Saiguo Biotech Co., Ltd) by removing the left eyeball. Plasma 
was prepared at 3500 rpm and centrifuged at 4°C for 15 min to determine 
the levels of LDH, CK, BLA, and BUN. The liver and hind leg muscles 
were collected, frozen in liquid nitrogen, and maintained at–80°C 
until the glycogen concentration was analyzed.[16] All parameters were 
measured in accordance with the recommended procedures provided by 
the kits purchased from Nanjing Jiancheng Bioengineering Institute as 
mentioned above.

Ultra-high-performance liquid chromatography 
and Q-exactive orbitrap high-resolution mass 
spectrometry analysis of the phytochemical 
composition of turnip supernatants
The supernatant portion was evaporated and then freeze‑dried into 
powder. The powder was weighed to 0.01  g and dissolved in 10  mL 
of 80% methanol/distilled water for 10  min at room temperature 
by ultrasonication, and then centrifuged at 12,000  rpm for 10  min. 
The supernatant was filtered using a 0.22‑µm filter membrane, and 
1 µL of the filtrate was loaded into the ultra‑high‑performance 
liquid chromatography and Q‑Exactive Orbitrap high‑resolution 
mass spectrometry  (UHPLC‑Q‑Exactive Orbitrap MS/MS) system. 
Chromatographic separation was conducted on a Dionex Ultimate 
3000 UHPLC system  (Thermo Fisher Scientific, Waltham, MA, USA). 
The separation was achieved with a Thermo Scientific Hypersil GOLD 
aQ C18 Column  (2.1  mm  ×  100  mm, 1.9  µm) at 40°C at a flow rate 
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of 0.4  mL/min. The mobile phase consisted of acetonitrile  (A) and 
water (B), with a gradient of 2% A at 0‑2 min, 2%–98% A at 2‑15 min, 
and 98% A at 15‑19  min. A  Q‑Exactive hybrid quadrupole‑orbitrap 
mass spectrometer (Thermo Scientific, Waltham, MA, USA) using heat 
electrospray ionization was operated under positive‑  and negative‑ion 
modes to achieve MS. The capillary temperature was 320°C, the flow rate 
of sheath gas was 40 arbitrary units, and the auxiliary gas was set to 10 
arbitrary units at 350°C. The capillary voltage was set to + 4.0 or − 2.8 kV in 
the positive and negative mode, respectively. The resolution of the full MS 
scan was 70,000, and the range was 100‑1500 m/z. Samples were analyzed 
at 20, 30, and 40 normalized collision energies in the MS2 mode, with 
a resolution of 17,500. Data were collected and analyzed using Thermo 
Xcalibur 3.0 software (Thermo Scientific, Waltham, MA, USA).[17]

Statistical analysis
All data are expressed as mean  ±  standard deviation. The data 
were analyzed by SPSS18.0  (SPSS Inc., Chicago, IL, USA) software. 
Differences among groups were analyzed by one‑way analysis of 
variance followed by paired Student’s t‑test. P  < 0.05 was considered 
statistically significant.

RESULTS
Effects of turnip on exhaustive swimming test
The exhaustive swimming test can evaluate the endurance of mice, and 
the improvement of exercise endurance is a direct index of anti‑fatigue 
effects.[15] The exhaustive swimming time is shown in Figure  1. 
Compared to the control group, the mice that were administered 
aqueous extract, polysaccharide, supernatant, and salidroside had a 
significantly prolonged survival time in the exhaustive swimming test. In 
particular, among all experimental groups, the supernatant had the most 
obvious effect of prolonging swimming time compared with the control 
group (476.01 ± 59.63 vs. 217.89 ± 32.70 s, P < 0.01), and it had better effects 
than polysaccharide and positive control. The results indicated that turnip 
could elevate the exercise tolerance of mice. As the supernatant portion 
exhibited the best performance in prolonging swimming time, it is likely 
that this portion contains low molecular weight bioactive compounds.

Liver and muscle glycogen test
The amount of accumulated glycogen in the liver and muscle is 
shown in Figure  2. After administering the different portions of 
turnip, the liver glycogen contents of each treatment group increased 
significantly  (P  <  0.01) compared to the control group, and the most 
obvious increase was observed in the supernatant group compared with 
the control group (87.22 ± 16.28 vs. 18.53 ± 4.82 mg/kg, P < 0.01). Muscle 
glycogen also increased significantly in the other four groups compared 
to the control group. Under the same dosage, the muscle glycogen levels 
in the supernatant group were higher than those in polysaccharide and 
positive control groups.

Blood biochemical parameters related to the 
fatigue test
After forced swimming for 60 min without loads, blood was collected 
and plasma was prepared to determine LDH, CK, BLA, and BUN. 
All measured blood biochemical parameters are shown in Figure  3. 
When given different portions of turnip, there was a marked reduction 
in changes of LDH compared to the control group; particularly, 
the supernatant group  (6351.84  ±  344.81  vs. 7359.54  ±  382.48 
U/L, P  <  0.01) was more significant than the polysaccharide 
group (6750.65 ± 435.83 vs. 7359.54 ± 382.48 U/L, P < 0.01). The activity 
of CK decreased in the other four groups compared to the control 
group (P < 0.05, P < 0.01), and the most obvious decrease was observed 
in the aqueous extract group (938.33 ± 84.51 vs. 1115.69 ± 113.52 U/L, 
P < 0.01).
Compared to the control group, the content of BLA decreased in the 
aqueous extract group  (9.18  ±  1.12  vs. 10.99  ±  1.52 mmol/L, P  <  0.05) 
and supernatant group (8.68 ± 1.86 vs. 10.99 ± 1.52 mmol/L, P < 0.05), 
while it was increased in the polysaccharide group  (11.48  ±  1.89  vs. 
10.99  ±  1.52 mmol/L). The level of BUN also decreased after the 
administration of different portions of turnip, while only the aqueous 
extract and supernatant groups presented a statistically significant 
difference (4.28 ± 0.45 and 4.40 ± 0.44 vs. 5.21 ± 0.52 mmol/L, P < 0.01, 
respectively). There was no significant difference in BUN in the 

Figure 1: Effects of turnip on the exhaustive swimming time of mice. The 
X-axis denotes different groups as follows: The control group  (distilled 
water, 10  ml/kg), aqueous extract group  (50  mg/kg), polysaccharide 
group (50 mg/kg), supernatant group (50 mg/kg), and salidroside-positive 
control group  (50  mg/kg). Data are presented as mean  ±  standard 
deviation (n = 10). Compared to the control group, **P < 0.01

ba

Figure  2: Effects of turnip on the muscle and liver glycogen content 
in mice. The X-axis denotes different groups as follows: The control 
group  (distilled water, 10  ml/kg), aqueous extract group  (50  mg/kg), 
polysaccharide group  (50  mg/kg), supernatant group  (50  mg/kg), and 
salidroside-positive control group  (50  mg/kg).  (a) Statistical analysis 
of muscle glycogen and  (b) liver glycogen content. Data are presented 
as mean ± standard deviation (n = 10). Compared to the control group, 
**P < 0.01
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polysaccharide group, which suggested that the supernatant had better 
anti‑fatigue effects than polysaccharide.

UHPLC-Q-Exactive Orbitrap MS/MS analysis of 
turnip components
The supernatant portion not only significantly prolonged the exhaustive 
swimming time but also reduced blood biochemical parameters 
compared to the other portions. Ultra‑high‑performance liquid 
chromatography and the Q‑Exactive Orbitrap high‑resolution mass 
spectrometry  (UHPLC‑Q‑Exactive Orbitrap MS/MS) method were 
used to analyze the components in the supernatant; the chromatogram 
of positive and negative ion modes is shown in Figure 4.
Fourteen low‑molecular‑weight compounds were detected in the 
supernatant portion. The chromatographic retention times, accurate 
molecular mass, and MS/MS data are listed in Table  1, and included 
5‑hydroxymethylfurfural, p‑hydroxybenzaldehyde, caffeic acid, fraxetin, 
nicotinamide, adenosine, L‑tyrosine, p‑coumaric acid, L‑phenylalanine, 
L‑tryptophan, cinnamaldehyde, citropten, sinapic acid, and α‑linolenic 
acid. The structure of these compounds is shown in Figure  5. All the 
compounds were identified as follows: 5‑Hydroxymethylfurfural with 
protonated m/z 127.0390 ([M + H] +, C6H6O3),[18] p‑hydroxybenzaldehyde 
with protonated m/z 123.0439  ([M  +  H] +, C7H6O2),[19] caffeic acid 

with protonated m/z 181.0493 ([M + H] +, C9H8O4),[20] fraxetin with a 
protonated m/z 209.0442 ([M + H] +, C10H8O5),[21] p‑coumaric acid with 
a protonated m/z 165.0540 ([M + H] +, C9H8O3),[22] cinnamaldehyde with 
a protonated m/z 133.0648 ([M + H] +, C9H8O),[23] sinapic acid with a 
protonated m/z 223.0612 ([M + H] +, C11H12O5),[24] and α‑linolenic acid 
with a protonated m/z 279.2319 ([M + H] +, C18H30O2).[25] Furthermore, 
nicotinamide, adenosine, L‑tyrosine, L‑phenylalanine, and L‑tryptophan 
were based on MS/MS data and phytochemical compositions, as well as 
the previously published studies.[26,27]

DISCUSSION
In this study, we examined the antifatigue effects and bioactive 
ingredients of turnip. We found that, besides improved endurance 
performance after the forced swimming test, turnip increased liver and 
muscle glycogen deposition, decreased tissue damage makers, including 
LDH and CK, and decreased the accumulation of metabolites, including 
BLA and BUN, thereby predicting the function of turnip on antifatigue. 
Meanwhile, as the supernatant portion exhibited the greatest antifatigue 
effect, the UHPLC‑Q‑Exactive Orbitrap MS/MS method was used to 
analyze the components of the supernatant. As a result, 14 compounds 
were detected, some of which were related to anti‑fatigue effects based 
on the previous literature.
Turnip, a plateau plant, has long been used as a folk medicine and food. 
As turnip has been previously shown to relieve hypoxia,[13,14] we sought to 
examine its antifatigue effect when ascending to a high altitude given that 
hypoxia can aggravate fatigue.[5‑7] Our study explored the adaptability of 
mice during exercise using biochemical indices of swimming assessment.
First, we explored the sports endurance in mice. The exhaustive 
swimming test was used as the experimental exercise model and is 
extensively used for the evaluation of animal sports endurance.[28‑30] In 
our study, the different portions of turnip had prolonged the swimming 
time of mice, indicating that turnip could induce resistance to fatigue. 
The supernatant portion had the most significant effect in prolonging 
the swimming time, indicating that the supernatant had the greatest 
anti‑fatigue effects and could effectively enhance the stamina of mice; 
thus, we consider that this portion possesses bioactive ingredients.
The biochemical parameters were evaluated to further clarify the effect of 
each portion. Liver and muscle glycogen are sensitive parameters related 
to fatigue.[31] Because carbohydrates are the most important energy source 
and are deposited in the body as blood glucose and glycogen. Glycogen 
deposition in the liver and muscle tissue can be converted into glucose 

dc
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Figure  3: Effects of turnip on the content of blood biochemical 
parameters related to fatigue in mice. The X-axis denotes different 
groups as follows: The control group (distilled water, 10 ml/kg), aqueous 
extract group (50 mg/kg), polysaccharide group (50 mg/kg), supernatant 
group (50 mg/kg), and salidroside-positive control group (50 mg/kg). (a) 
Statistical analysis of LDH: Lactate dehydrogenase;  (b) CK: Creatine 
kinase; (c) BLA: Blood lactic acid; and (d) BUN: Blood urea nitrogen. Data 
are presented as mean ± standard deviation (n = 10). Compared to the 
control group, *P < 0.05, **P < 0.01

b

a

Figure  4: UHPLC-Q-Exactive hybrid quadrupole-orbitrap mass analysis 
chromatogram of the supernatant portion.  (a) Total ion chromatogram 
(TIC) in positive electrospray ionization (ESI) mode. (b) TIC chromatogram 
in negative ESI mode
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at any time according to human needs to satisfy the energy demands 
and also plays an important role in prolonging exercise time.[32,33] Muscle 
glycogen provides sufficient energy for muscle contraction.[34] The 
increase in liver glycogen is conducive to the enhancement of exercise 
endurance.[35,36] Depletion of liver glycogen makes it difficult to maintain 
blood glucose, and the resulting hypoglycemia damages the nervous 
function.[37] When the glycogen is largely consumed, fatigue will occur. 
Liver and muscle glycogen should always be determined when studying 
the anti‑fatigue effect.[38,39] The results of our study demonstrated that 
treatment with turnip increased the levels of liver and muscle glycogen; 
therefore, one possible explanation for the anti‑fatigue effects of turnip 
is that it could reduce glycogen consumption and improve energy 
metabolism. Taken together, these factors improve the endurance of 
mice in the exhaustive swimming test.
LDH and CK in plasma are important indicators for fatigue evaluation. 
LDH catalyzes the conversion of pyruvate into lactic acid in glycolysis, 
and its activity indicates the degree of lactate metabolism. LDH can 
quench BLA, which is the product of anaerobic metabolism of glucose 
during high‑intensity exercise.[29,40] The CK level is a critical indicator of 
fatigue[41] and supports the production of energy needed during exercise. 

Under normal conditions, the muscle cell structure is intact, and LDH 
and CK rarely permeate the cell membrane. High‑intensity weight 
bearing exercise can cause tissue damage, which is closely related to 
exercise‑induced fatigue; thus, LDH and CK found abundantly in plasma 
are necessary to be tested.[42] The results of our study demonstrated 
that the activities of LDH and CK in different portions of turnip were 
significantly lower than those in the control group; therefore, another 
possible explanation of the anti‑fatigue effects of turnip is that it could 
ease muscle damage, and maintain and protect the integrity of the cell 
membrane after swimming exercise.
BLA is one of the products generated as a result of energy metabolism 
during muscle activity, and its accumulation is associated with fatigue.[43] 
According to some studies, lactic acid itself is not a direct cause of fatigue, 
but the H+ dissociated from lactic acid reduces the pH value, decreases 
phosphofructokinase activity, affects Ca2+ release, impairs the contraction 
ability of muscle fibers, and accelerates fatigue.[44] In long‑term high 
intensive exercise, the human body cannot obtain sufficient energy by 
metabolizing sugar and fat, so protein and amino acid may participate in 
energy supply causing an increase in urea nitrogen. BUN is the product 
of this energy metabolism process, and it is a sensitive index to evaluate 

Table 1: Results of ultra-high-performance liquid chromatography - Q-exactive orbitrap mass spectrometry /mass spectrometry analysis of the supernatant 
portion

Retention time/min Ion Theoretical value Actual value Secondary mass Molecular formula Name
1.47 [M+H]+ 127.0390 127.0389 109.0286, 81.0341,69.0342 C6H6O3 5‑Hydroxymethylfurfural
1.47 [M+H]+ 123.0s441 123.0439 100.0247, 105.0036, 82.0143 C7H6O2 p‑Hydroxybenzaldehyde
1.88 [M+H]+ 181.0495 181.0493 163.0386, 135.0439 C9H8O4 Caffeic acid
1.93 [M+H]+ 209.0445 209.0442 194.0208, 149.0230 C10H8O5 Fraxetin
1.99 [M+H]+ 123.0553 123.0553 80.0500, 96.0447, 106.0289 C6H6N2O Nicotinamide
3.25 [M+H]+ 268.1040 268.1030 136.0616 C10H13N5O4 Adenosine
3.40 [M+H]+ 182.0812 182.0808 136.0216, 123.0263 C9H11NO3 L‑Tyrosine
3.40 [M+H]+ 165.0546 165.0543 95.0495, 119.0492 C9H8O3 p‑Coumaric acid
4.26 [M+H]+ 166.0863 166.0859 120.0808 C9H11NO2 L‑Phenylalanine
5.21 [M+H]+ 205.0972 205.0970 118.0651, 146.0597, 188.0701 C11H12N2O2 L‑Tryptophan
5.42 [M+H]+ 133.0648 133.0646 105.0701, 95.0493 C9H8O Cinnamaldehyde
6.76 [M+H]+ 207.0652 207.0648 179.0698, 151.0754 C11H10O4 Citropten
6.77 [M‑H]‑ 223.0612 223.0610 119.0854 C11H12O5 Sinapic acid
12.30 [M+H]+ 279.2319 279.2315 ‑ C18H30O2 α‑Linolenic

Figure 5: Structure of the 14 compounds detected with UHPLC-Q-Exactive Orbitrap MS/MS
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the bearing capability in fatigue.[45,46] When the body is poorly adapted 
for exercise endurance, the level of BUN increases.[47] More importantly, 
if an animal cannot be adapted to exercise, the BLA and BUN levels will 
increase.[48] If a plant inhibits the accumulation of BLA and BUN, the 
plant can be said to possess anti‑fatigue effects.[40] In this study, turnip 
could reduce the levels of BLA and BUN in fatigued mice; thus, turnip 
contributes to the aerobic metabolism to product ATP and slows down 
the metabolism rate of protein, ultimately, improving metabolic exercise, 
activating the energy metabolism, and accelerating the restoration 
of energy. Through the exhaustive swimming test and evaluation of 
biochemical parameters, we verified the anti‑fatigue effect of turnip.
We next evaluated the chemical components of turnip. Many 
studies have focused on the extraction and anti‑fatigue effects of 
macromolecular substances, such as polysaccharides in plants.[49‑53] 
However, in our study, we separated extraction portions of turnip, 
including the total aqueous extract, supernatant, and polysaccharide; 
although all portions resisted fatigue, the supernatant portion had the 
greatest anti‑fatigue effects. Therefore, the importance of low molecular 
weight compounds cannot be ignored. We focused on the compounds 
in supernatant, except polysaccharide, using the UHPLC‑Q‑Exactive 
Orbitrap MS/MS method. Fourteen compounds were detected as 
follows: 5‑hydroxymethylfurfural, p‑hydroxybenzaldehyde, caffeic 
acid, fraxetin, nicotinamide, adenosine, L‑tyrosine, p‑coumaric acid, 
L‑phenylalanine, L‑tryptophan, cinnamaldehyde, citropten, sinapic acid, 
and α‑linolenic acid. Based on a literature review, we found that these 
compounds have been shown to have anti‑fatigue effects. Caffeic acid 
is a phenolic compound present in many plants. Caffeic acid extracted 
from Taraxacum officinal can lower glucose in the blood and decrease 
the BLA concentrations to exert anti‑fatigue effects.[54] Nicotinamide 
belongs to nicotinamide adenine‑reduction (NAD+), which is essential 
to counteract oxidative damage.[55] NAD+  is converted into NADH2 
and ATP through oxidative phosphorylation, and it is the direct energy 
source for exercise. A  nicotinamide‑rich diet can improve physical 
endurance.[56] The triple‑combination of nicotinamide, casein, and 
guanosine can significantly enhance the exercise performance and exhibit 
anti‑fatigue effects in mice.[57] Adenosine is present in almost all cells of 
the human body under physiological conditions and is further produced 
under conditions of hypoxia or energy consumption. Adenosine is a 
critical intermediate metabolite of nucleic acids and is an important 
signaling molecule. It regulates the cellular response to hypoxia, energy 
depletion, and tissue damage by activating G protein‑coupled receptors 
on multiple cell types.[58] Dietary nucleotides containing adenosine 
exert anti‑fatigue effects, which may be related to inhibiting oxidative 
stress and improving mitochondrial function.[35] Amino acids are one of 
the main building blocks of life. Twenty proteinogenic L‑amino acids 
form the materials used for protein synthesis. Nonessential amino acid 
can be synthesized by many cells from metabolic intermediates, but 
essential amino acid must be acquired from nutrients.[59] Tryptophan 
and phenylalanine are essential amino acids, and turnip contains both, 
suggesting that turnip has high nutritional value. The supernatant 
portion of turnip includes caffeic acid, nicotinamide, adenosine, and 
amino acids, all of which function as energy sources to improve physical 
endurance; this is a powerful explanation for the significant anti‑fatigue 
effects of the supernatant portion.
Other compounds in the supernatant portion of turnip, such as 
5‑hydroxymethylfurfural  (5‑HMF), are commonly found in many 
daily foods and have anti‑inflammatory effects.[60] p‑Coumaric acid is 
a hydroxycinnamic acid found in many plants[61] and is a well‑known 
antioxidant agent.[62‑64] Cinnamaldehyde is a bioactive substance, which 
has anti‑fungal, anti‑bacterial, anti‑inflammatory, anti‑mutagenic, and 
antioxidant effects.[65,66] Citropten  (5,7‑dimethoxycoumarin) is a plant 

secondary metabolite, which can prevent depression induced by chronic 
mild stress in rats.[67] α‑Linolenic acid is an essential fatty acid that cannot be 
synthesized by human and must be supplied through the diet.[68] α‑Linolenic 
acid shows diverse protective effects such as anti‑cardiovascular disease,[69] 
anti‑cancer,[70] anti‑neuropathy,[71] anti‑inflammatory, and antioxidative 
effects.[72] All of these compounds can be considered bioactive ingredients 
of turnip. It will be meaningful to systematically explore the anti‑fatigue 
effects of these compounds in future studies.
Our study confirmed the antifatigue effect of turnip and identified its 
low molecular‑weight compounds. Further studies should focus on 
clarifying the detailed signaling pathways underlying these effects.

CONCLUSION
In this study, turnip had prominent anti‑fatigue properties, especially 
the supernatant portion. Turnip enhanced the metabolic exercise and 
activated energy metabolism by increasing liver and muscle glycogen 
levels. In addition, turnip could efficiently alleviate muscle damage by 
decreasing the LDH and CK activities in plasma and could accelerate 
the restoration of energy by decreasing the BLA and BUN levels. 
Phytochemical analysis demonstrated that turnip contains some energy 
source substances, which is a powerful explanation for the anti‑fatigue 
effects of turnip.
In summary, the current study demonstrated that turnip exhibited good 
anti‑fatigue effects, which may be due to the improvement of energy 
metabolism, which is a new finding for screening anti‑fatigue medicine. 
More details about signaling pathways underlying these effects and 
exploitation of turnip need to be illuminated in the future.
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