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ARTICLE INFO Abstract

In the research of livestock product quality and safety, the keys are to analyze, screen 
and confirm illegal additives or contaminants added to livestock products. Searching 
for biomarkers based on transcriptomics and using them to analyze the physiological 
changes of animal tissues at the molecular level are becoming a novel and effective 
approach for monitoring illegal use of contaminants in livestock products. This review 
included the methods of studying transcriptomic biomarkers and latest progress of 
applying the biomarkers to livestock product safety detection, aiming at offering new 
technical measures to screen and detect additives or contaminants illegally added into 
livestock products so as to guarantee the safety of livestock products.  

Abbreviations: PCA: Principal Component Analysis; HCA: Hierarchical Cluster Analysis; 
PLS-DA: Partial Least Squares Discriminant Analysis; GPs: Growth Promoters; BPSCs: 
Bovine Prostatic Stromal Cells; TBA: Trenbolone Acetate

Introduction 
The application of illegal additives or contaminants in animal 

breeding for livestock products severely impacts the development 
of the livestock industry. Therefore, contaminant analysis and 
screening become a hot topic among a multitude of researchers 
at varied levels in different countries. Transcriptomics studies the 
occurrence and change rules of the transcriptome in biological cells 
based on the analysis of RNA-level gene expressions. It plays an 
increasingly important role in studying the physiological activities 
of tissues or cells and identifying the associations between gene 
expressions and biological phenomena [1,2]. Biomarkers are 
quantifiable biological molecules and represent the characteristics 
of specific physiological states such as in a drug-interfered, normal 
or pathological process, reflecting the molecular changes caused 
by interactions between organisms and environmental factors. By 
identifying and monitoring biomarkers, current biological processes 
could be diagnosed and monitored in a timely manner. According 
to previous researches, biomarkers have been successfully applied 
to molecular medicine, medical diagnosis, disease predication, 
risk evaluation, food safety, and so on. Identification of biomarkers 
could be conducted at different molecular levels, such as the  

 
genome, epigenome, transcriptome, proteome, metabolome and 
liposome. Search for biomarkers based on -omics technologies and 
quantitative determination of contaminants have become one of 
food safety research focuses in recent years [3,4]. Researchers all 
over the world have carried out biomarker researches targeting 
at different contaminants in order to monitor the misuse of illegal 
additives during livestock animal breeding. 

Transcriptional Biomarkers
Transcriptional biomarkers are determined on the transcrip-

tomic platform using large-scale gene expression profiles, qRT-PCR 
and biostatistical methods such as principal component analysis 
(PCA), hierarchical cluster analysis (HCA) and partial least squares 
discriminant analysis (PLS-DA). A standard route for finding and 
developing gene expression biomarkers is as follows: 

a. Setting up a high-quality sample set; 

b. Using a large-scale gene expression platform; 

c. Analyzing and identifying gene expression biomarkers by 
mathematics and calculation; 
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d. Verifying the capability of the gene expression biomarkers 
in differentiating independent samples. 

Figure 1 shows the workflow of studying transcriptional 

biomarkers [5]. Identification of gene expression biomarkers in 
recent years provided a technical platform for studying livestock 
product safety at different levels (Figure 1).

Figure 1: The workflow of transcriptional biomarkers.

Application of Transcriptional Biomarkers in Livestock 
Product Safety

During livestock breeding, although certain veterinary drugs 
have been prohibited, new drugs with similar effects and unknown 
functional mechanisms made drug identification difficult. In search 
for alternative detection methods, tracking physiological changes 
of the components in these drugs to find out biomarkers has been 
a focus. Earlier researches have indicated that the use of illegal 
growth promoters (GPs) will bring about physiological changes in 
animals at the molecular level. By analyzing and monitoring gene 
expression changes in transcriptome using technologies such as 
gene expression profiles and high-throughput RNA sequencing, 
target genes in GP-treated animals could be screened, which can 
serve as a novel and effective screening tool for monitoring illegal 
use of GPs in animal-sourced food [4,6]. Riedmaier used RNA 
sequencing to analyze the effects of dimethyl ether acetic acid and 
estradiol on gene expressions of bovine livers. The expressions of 
40 candidate genes were verified by qRT-PCR. Among them, 20 
genes were significantly expressed. Then, a biostatistical tool for 
model identification was employed to analyze the candidate genes, 
which successfully differentiated samples in the treatment and 
control groups. 

These candidate genes were verified on the wild boars and calves 
treated by synthesized metabolic agents. Moreover, Riedmaier et al. 
found common biomarkers in cardiac and liver tissues of cattle. They 

also determined the candidate genes according to the functional 
mechanisms of different drugs on these tissues and monitored 
the mRNA expression levels using fluorescent quantitative PCR. 
Dynamic PCA was utilized to identify mRNA biomarkers to separate 
the treatment group from the control group. Therefore, using RNA 
sequencing, quantitative fluorescent PCR and biostatistical analysis 
to screen candidate biomarkers have a great potential in detecting 
illegally synthesized metabolic agents [6,7]. Pegolo studied the 
transcriptional biomarkers in beef cattle treated with cortical 
hormone. According to the comprehensive analysis of the DNA-
microarray data of bovine muscle tissues in the control group, the 
tissues treated by various GPs and those of unknown commercial 
cattle samples, 73 gene expression biomarkers were found to 
achieve high-precision classification with the Matthew correlation 
coefficient of 0.77, and the percentages of false positives and false 
negatives were 5% and 6%, respectively. 

Although subject to the animal breed, age and GP treatment, the 
test results showed that a group of relatively fewer genes could dis-
tinguish the control group and cortical hormone treatment group, 
providing transcriptional biomarkers for effective monitoring of GP 
misuse in the process of livestock production [8,9]. Maria et al. re-
ported that gene expressions triggered by 17β-estradiol in bovine 
prostate could be used to detect abuse of GPs. Quantitative PCR 
and immunohistochemical methods were employed to analyze the 
17β-estradiol triggered expressions of genes such as associated re-
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ceptors in bovine prostatic stromal cells (BPSCs) and prostate tis-
sues, respectively. It was found that 17β-estradiol caused significant 
overexpression of progesterone receptors in both BPSCs and pros-
tate tissues. Gene overexpression could still be detected 15 days 
after animals were treated by 17β-estradiol. However, if chemical 
methods were used, residuals could be detected only several hours 
after animals were treated, revealing the advantage of PCR assay 
using 17β-estradiol [10]. Uslenghi et al. used qPCR to achieve detec-
tion of 17β-estradiol in bull on the basis of progesterone receptors 
[11]. Divari found that progesterone upregulation could function as 
a tool for detecting estrogen illegally used in adult beef cattle. 

The monitoring of gene regulation at the mRNA level could be 
used to detect illegal use of synthesized metabolic steroid in meat 
production. In addition, qPCR was employed to identify illegal use 
of 17β-estradiol and dexamethasone based on absolute quantitative 
determination of oxytocin precursor genes, establishing the 
sensitivity and specificity of the screening method. This method 
was a novel screening tool and could significantly increase the 
success rate of investigating animal food safety [12,13]. Starvaggi’s 
research found that the expression of calmodulin in bovine tissues 
could be used for monitoring illegal use of androgen in beef 
breeding [14]. Carraro et al. studied the gene expression profiles 
of the skeletal muscle and liver of bull treated by steroid GPs. 
By observing the gene expression profile differences and using 
qRT-PCR, biomarkers could be developed to detect illegal use of 
dexamethasone in beef cattle production [15]. Cannizzo et al. used 
morphological check and a transcriptomic approach to identify 
the use of prednisone in beef cattle and found that a set of clear 
transcriptional characteristics also supported monitoring of illegal 
use of drugs in animal husbandry based on biomarkers [16,17]. 

Elgendy et al. conducted transcriptomic analysis in bovine mus-
cle and liver using both trenbolone acetate (TBA) and 17β-estradiol 
(REV), used PCA on the microarray data to identify new candidate 
biomarkers, and verified the biomarkers using onsite samples, 
which could well differentiate animals in the control and treated 
groups [18]. Zhao et al. determined 17 candidate genes by RNA 
sequencing and literature research. They also used a biostatistical 
method to obtain six key genes, which could be used as potential 
transcriptomic biomarkers to monitor abuse of β2-receptor drugs 
in lamb breeding [19,20]. You et al. used transcriptomic sequenc-
ing and RT-qPCR to screen candidate genes in amantadine-treated 
chicken breast muscle and liver tissues and preliminarily verified 
that the candidate genes could be used as biomarkers to monitor 
illegal use of amantadine drugs in broiler breeding [21]. 

Conclusion
Searching for biomarkers based on transcriptomics provides a 

new approach for identifying illegal additives in livestock products. 
It has two advantages, which are effective identification of the same 
type of drugs and gene overexpression detection in the case of a 
drug residual detection failure by a chemical method. According to 

the present researches, it is defective using a set of common bio-
markers for all types of drugs that are illegally used in animals. A 
single technique cannot adequately resolve the complexity of the 
biological system. In contrast, a method integrating various -omics 
technologies and data could become a key in searching for ideal, 
stable, long effective and sensitive biomarkers. It is extremely im-
portant to use -omics technologies to establish a reliable, specific 
and sensitive screening method for quick detection of contaminants 
in livestock products. With gradual progress and development of 
technologies, analysis of contaminants or illegal additives in live-
stock products using biomarkers will become increasingly mature. 
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