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A B S T R A C T

Alginate is the general term of a polysaccharide which is widely used in the area of pharmaceutics and the food
industry and is known for its unique biological activities. However, due to the low water solubility and large
viscosity of alginate, its development and utilization in the agricultural field are limited. Alginate oligosaccharide
(AOS) is a degradable product derived from alginate and has attracted much attention in recent years because of
its specific characteristics such as a low molecular weight, high water solubility, and non-toxicity.
Boar semen quality, which is affected by various factors, is an important indicator for measuring reproductive

performance of boars. With the development of artificial insemination technology, high quality semen has been
more and more important. Therefore, increasing semen quality is an important means to improve the repro-
ductive performance in swine industry.
In this research review, we used the PubMed database and Google Scholar and web of science to search for

relevant literature on the topic of AOS in relation to boar semen quality. Key words used were alginate oligo-
saccharide, boars, semen quality, microbiota and metabolites. The purpose of this review article was to describe
the current knowledge on the relationship between AOS and boar semen quality, and provide an overview of
solutions for the decline in the boar semen quality in specific conditions. Based on the existing literature, it is
evident that AOS can be used as a new type of food additive. This review paper provides a theoretical basis for
the production of high-quality boar sperm and, suggests that, in the future, AOS can even aid in treating human
infertility.

1. Introduction

Nowadays, there are two main ways to obtain substances with bio-
logical activity. On the one hand, they can be extracted from natural
plants [1], on the other hand, they can be obtained by artificial synthesis
[2,3]. Alginate is a natural polysaccharide polymer that exists in the wall
of brown algae cells. It is composed of monomers containing carboxyl
groups. Alginate has been widely used in the pharmaceutical and food
industry due to its unique physicochemical properties and beneficial
health effects. Its molecular formula is (C6H7O6Na)n [4]. Alginate con-
nects α-l-Guluronic (G) acid and β-d-Mannuronic acid (M) monomers
through an 1,4-glycoside bond forming a long chain polymer. Therefore,
there are three different kinds of combinations such as

Polymannuronate (PM), Polyguluronate (PG) and Heteropolymer (pol-
yMG) [5] as shown in Fig. 1. With the continuous deepening research on
alginate, it is gradually considered to be a macromolecular compound
with anti-coagulation and anti-viral functions. However, due to its large
molecular weight and viscosity, it is difficult to cross the cell membrane
and multiple biological barriers, thereby limiting its utilization and
development [6]. Alginate oligosaccharide (AOS) is a decomposition
product of alginate and has received increasing attention due to its low
molecular weight, high water solubility, safety, and non-toxicity [7].
AOS has a variety of biological activities, including immune regulation
[8], and it has anti-inflammatory [9], antioxidant [4] and even anti-
cancer properties [10]. According to publication and patent statistics,
the number of AOS-related outputs have grown continuously during the

* Corresponding authors.
E-mail addresses: 179692058@qq.com (Y. Gao), zhanghongfu@caas.cn (H. Zhang).

1 These authors contributed equally.

Contents lists available at ScienceDirect

International Journal of Biological Macromolecules

journal homepage: www.elsevier.com/locate/ijbiomac

https://doi.org/10.1016/j.ijbiomac.2024.134492
Received 10 March 2024; Received in revised form 24 July 2024; Accepted 2 August 2024

mailto:179692058@qq.com
mailto:zhanghongfu@caas.cn
www.sciencedirect.com/science/journal/01418130
https://www.elsevier.com/locate/ijbiomac
https://doi.org/10.1016/j.ijbiomac.2024.134492
https://doi.org/10.1016/j.ijbiomac.2024.134492
https://doi.org/10.1016/j.ijbiomac.2024.134492
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijbiomac.2024.134492&domain=pdf
http://creativecommons.org/licenses/by/4.0/


International Journal of Biological Macromolecules 277 (2024) 134492

2

half century from 1968 to 2023 (as shown by the search of “Alginate
oligosaccharide” via Web of Science). Prior to year 2000, the number of
outputs was 96, but from 2000 to 2009 it increased to 263, and has
surged to 836 in the last 10 years.Therefore, AOS has received extensive
attention, especially in the past decade, with the number of articles
published on AOS-related research increasing year by year (Fig. 2A).
Statistical analysis of Web of Science showed that basic research on AOS
and its applications is mainly concentrated in related fields such as
biochemistry and molecular biology, chemistry, biotechnology and
applied microbiology, food science and technology, microbiology,

pharmacology pharmacy and agronomy (Fig. 2B). AOS is extremely
widely used in pharmaceutical research, as well as in the functional food
industry and the agricultural field.

In modern swine breeding, the application of artificial insemination
technology has become more and more common. Therefore, the fertility
of boars will not only directly affect the economic benefits of the com-
mercial boar studs, but also indirectly affect the reproductive perfor-
mance of sows. The fertility of boars can be evaluated with indicators
such as sexual libido, semen quality, in vitro fertilization, and sow
pregnancy rate [11,12]. Among them, semen quality is the most
important index to evaluate boar fertility [13,14]. Generally, we use
indicators such as sperm volume, sperm density, sperm motility, and
spermmorphology to evaluate semen quality [15]. The amount of sperm
volume and sperm density determines the total sperm of ejaculation,
which mainly reflects the spermatogenesis of testicles [16]. It will affect
the number of mating sows and pregnancy rate during artificial insem-
ination. Sperm motility and sperm morphology are two core indicators
that jointly determine the semen quality and affect the pregnancy rate of
sows [17]. In production, when the semen stores a period of time at
room temperature, the sperm motility becomes lower and the abnormal
sperm rate is increased, which is the main reason for the decline in boar
fertility [18]. Although the number of input sperm can be increased
during artificial insemination to solve the problem of decreased

Fig. 1. Molecular structure of alginate. PM means polymannuronate, PG means
polyguluronate, MG means heteropolymer,

Fig. 2. An overview of AOS related articles published in the past 23 years. (A) The number of annual publication of AOS during 2000–2023. (B) Distribution of
research areas associated with AOS-related publications.
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pregnancy rate, the primary goal of improving semen quality is still to
improve sperm motility [19]. This is also the research hotspot of boar
fertility through nutritional regulation technology. The semen quality is
closely related to the spermatogenesis, which is affected by the several
factors such as genetics, environment and nutritional management [20].
This article reviews the biological functions of AOS and the factors that
affect the semen quality, aiming to find the mechanism of how AOS can
regulate the boar semen quality so as to provide a theoretical basis for
improving the swine reproductive industry.

2. The biological activities of AOS

Alginate is a biopolymer used extensively in the food, pharmaceu-
tical, and chemical industries. Alginate oligosaccharide (AOS) derived
from alginate exhibits superior biological activities and therapeutic
potential. Alginate lyases with characteristic substrate specificity can
facilitate the production of a broad array of AOS with precise structure
and functionality. As a natural plant extract, AOS exhibits multiple
bioactivities including anti-oxidant, immune regulation, anti-bacterial
and anti-inflammatory activities. In this section, we mainly talk about
the main functions of AOS, as shown in Fig. 3.

2.1. Immune regulation properties of AOS

Natural polysaccharides and oligosaccharides have the potential to
be immune regulators. One of the key functions of AOS in immune
regulation is the ability to induce cytokine expression [21]. It is found
that AOS can increase the concentration of IL6, IL10, and IgA in the
serum of weaning piglets, as well as the level of IgA in the small intestine
[22]. This indicates that AOS has the potential to elevate the levels of
immunoglobulins and cytokines, thereby enhancing the immune func-
tion of weaning piglets. In a study on macrophages, alginate was seen to
induce the secretion of TNF-α, and AOS obtained by alginate cracking
augmented the induction activity of TNF-α compared to intact alginate
[23]. Using different methods to crack alginate, the obtained AOS has
different chemical groups, and AOS-induced cytokine secretion is
closely related to its structure. At present, more and more studies are
concerned about the relationship between the unsaturated terminal

structure of AOS and its activity. AOS obtained by microorganisms to
crack alginate contains more unsaturated double bonds on the terminal
structure than AOS obtained by acid degradation methods. As unsatu-
rated groups play a key role in the secretion of TNF-α in macrophages,
the degradation method used is important [24]. In addition, AOS can
increase the expression of induced nitric oxide (iNOS) synthase in
macrophages, promoting the generation of nitric oxide (NO), and
stimulating the generation of reactive oxygen species (ROS) and TNF-α
[8].

2.2. Anti-inflammatory properties of AOS

Inflammation is an important defense mechanism for the body to
resist pathogen invasion and it will activate inherent immune cells.
However, inflammation will also appear in the process of chronic dis-
eases, such as arthritis and diabetes [25]. AOS can improve the intestinal
anti-inflammatory ability of weaning piglets by inhibiting the TLR4/NF-
κB and NOD1/NF-κB signaling pathways [26]. The anti-inflammatory
ability is also related to the preparation methods used for AOS produc-
tion. AOS prepared through oxidation degradation has a stronger in-
flammatory inhibitory effect compared to AOS prepared by other
methods. AOS extracted by oxidation degradation can inhibit LPS/
β-amyloid induced neuritis, by promoting β-amyloid phagocytosis ef-
fects [27]. This is done by blocking NF-κB and MAPKs signaling path-
ways. Contrarily, AOS prepared by microorganisms has no anti-
inflammatory effects [28]. The anti-inflammatory AOS enhances the
function of small intestinal epithelial cells by increasing the proportion
and number of various cell clusters in the small intestine such as goblet
cells [29], thereby alleviating small intestinal mucositis induced by
Busulfan. Furthermore, a study in IPEC-J2 cells has found that AOS can
play a significant anti-inflammatory role through the mannose receptor
signal pathway [30]. In addition, AOS is used as an anti-inflammatory
drug in clinical trials. Studies have shown that AOS has immunosup-
pressive effects in various tested mice models used for arthritis,
nephrotic syndrome, and glomerulonephritis [31]. Its anti-inflammatory
activity is related to the regulation of the TLR4 signal pathway pro-
voking inflammation [32–34].

Fig. 3. The four main biological activities of AOS: immune regulation, antioxidation, anti-cancer function and anti-inflammatory properties. For the immune
regulation, AOS influences cytokine expression. AOS improves the function of small intestinal epithelial cells and helps against intestinal inflammatory challenges
such as those induced by LPS. AOS increases the antioxidant indicators SOD and T-AOC, and decreases MDA and ROS. AOS decreases the proliferation and migration
of cancer cells and therefore achieves an anti-cancer ability. Red arrow show increase, green arrow show decrease.
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2.3. Anti-oxidative properties of AOS

AOS acts as a very strong antioxidant by effectively removing free
radicals. Since AOS prepared by microbial engineering (Microbulbifer)
mainly consists of disaccharides and trisaccharides, it has the ability to
remove free radicals (DPPH and Hydroxyl radical), thereby promoting
restoration [35]. A Study by Fu et al. has shown that AOS prepared by
enzyme degradation can have a stronger antioxidant activity than AOS
prepared by other methods, the reason for that being its structure of
more double bonds [36]. The antioxidant mechanism of AOS may be
linked to a way in which hydrogen ions form a hydrogen bond with free
radicals, forming a more stable product, and leading to the subsequent
removal of free radicals [37]. In animals, AOS has the effect of resisting
oxidative stress and preventing oxidative damage. A study of Tusi et al.
has shown that in an oxidative stress model, caused by hydrogen
peroxide, AOS can block H2O2-induced oxidative stress and caspase-
dependent apoptotis in both the endoplasmic reticulum and mitochon-
dria [38]. AOS can inhibit the expression of GP91 and 4-hydroxylceride,
thereby reducing heart oxidative stress, increasing the survival rate of
mice damaged by adriamycin [39]. In a study by Li et al., AOS could
significantly reduce the level of hydrogen peroxide and MDA in mice,
thereby reducing ROS production [40]. AOS was also found to improve
serum levels of SOD, peroxide and total antioxidant capacity (T-AOC) in
weaning piglets, and to reduce the content of MDA in the serum and
small intestine [26]. In addition, adding AOS to a broiler diet increased
the concentration of glutathione peroxidase in the serum, and reduced
the content of MDA in the liver, thereby improving the antioxidant ca-
pacity in broilers [41]. To conclude, AOS can improve the antioxidant
capacity in animals by modulating the enzymatic antioxidant system,
thereby preventing lipid peroxidation of animal tissues.

2.4. Anti-tumor properties of AOS

AOS exhibits anti-tumor activity by inhibiting the proliferation and
migration of tumor cells. A study by Han et al. has proven that AOS can
weaken the proliferation, migration and invasion of human prostate
cancer cells by inhibiting the Hippo/YAP/C-JUN signaling pathways
[10]. AOS obtained by Pseudoalteromonas, used for alginate degradation,
can enhance the defense mechanism against leukemia cells by raising
cytokines synthesized by monocytes, a process that is inhibited by the
TNF-α antibody [42]. Fifty mg/kg AOS can effectively inhibit the
adhesion of tumor cells on the extracellular matrix, inhibit the infiltra-
tion of tumor cells in tissues, and reduce the accumulation of immune
suppression cells and inflammatory cells in mice [43]. Therefore, the
anti-tumoral and immune regulatory effects of AOS are inseparable. A
study by Chen et al. has shown that AOS can inhibit the growth of MG-63
cells in human skeletal cells [44]. AOS selectively induces TNF in tumor
tissues, leading to a localized treatment effect on liver cancer in mice
[45]. In addition, 10 mg AOS per day for two consecutive years has been
found to improve the antioxidant and anti-inflammatory ability of pa-
tients with osteosarcoma by reducing the tumor volume and the recur-
rence rate [46]. Therefore, to conclude, AOS plays a significant role as
anti-inflammatory and antioxidative agent, while also showing anti-
tumoral effects.

3. Evaluation parameters and detection methods of boar semen
quality

Boar semen quality is directly related to it fertilization ability [47].
At present, semen quality parameters include sperm motility, sperm
concentration, sperm vitality and abnormal sperm rate [48]. These in-
dicators will directly or indirectly reflect the quality of sperm. In the
evaluation method of boar semen, the traditional method, called hem-
atimetry, using a hemocytometer, determines the sperm number of
sperm with a forward movement. Another method is the Giemsa dyeing
method to determine the abnormal sperm rate. While these methods are

accurate, they consume considerable time and labor [49]. The
computer-assisted sperm analysis (CASA) system can also provide ac-
curate results and is less time and labor-intensive [50]. Therefore, the
CASA system has obvious advantages for artificial insemination (AI) in
animal husbandry, the semen quality parameters that are suitable for AI
is shown in Table 1.

3.1. Sperm motility

Sperm motility refers to the ability of sperm to move forward. A
study by Mahajan et al. found that sperm motility is an important
evaluation parameter for semen analysis. Its percentage can directly
affect the quality of semen and its fertilization ability [51]. Therefore,
using the CASA system, conducting a quantitative analysis of sperm
motility, can lead to a more accurate assessment. In pig production,
sperm motility is generally higher than 75 %, and meets the standards
for AI [52].

3.2. Sperm density

Sperm concentration refers to the total number of sperm per ml
semen. Sperm concentration is an important indicator of semen quality,
as it will directly affect the dilution times in the AI process, thereby
affecting the pregnancy rate of sows [53]. At present, sperm concen-
tration evaluation methods are diverse. As such there is the absorption
spectrophotometry method, the hematimetry method, as well as the
aforementioned computer assisted CASA method [54]. Hematimetry is
the most accurate method for evaluating sperm concentration. However,
in pig production, CASA analysis can quickly detect sperm concentration
and saves a lot of time. Generally, the sperm concentration should reach
108 per ml for it to meet the requirements for AI [55].

3.3. Sperm vitality

Sperm vitality refers to the percentage of total sperm that moves
forward in the semen. Sperm vitality is closely related to the conception
rate [56]. The use of the naked eye and calculators to evaluate the
percentage of sperm with a straight line motion is difficult and often
susceptible to the influence of human factors, which makes the results
highly variable. In contrast, the results of CASA analyses are more ac-
curate. In pig production, the sperm vitality requires to be 85 % to
perform AI.

3.4. Sperm malformation rate

Abnormal sperm rate refers to the percentage of deformed sperm in
the semen. Abnormal sperm rate is one of the important indicators to
establish semen quality. An excessive malformation rate will signifi-
cantly reduce the fertilization capacity of sperm [57]. In the process of
fertilization, if the abnormal sperm rate is higher than 18 %, the ability
of fertilization will be significantly reduced. Sperm malformation can
occur in the whole sperm cell, and commonly appears in the sperm head,

Table 1
The boar semen quality that meets artificial insemination.

Semen quality Method Standard for AI References

Sperm
Motility

CASA More than 75 % Waberski et al., 2019;
Mahajan et al., 2015

Sperm Density CASA More than 6 × 108/
ml

Lesani et al., 2020; Morrell,
2019; Chanapiwat et al.,
2014

Sperm Vitality CASA Straight line
movement more than
85 %

Bibi et al., 2022

Abnormal
Sperm Rate

CASA Less than 20 % Li et al., 2023; Fedder et al.,
2007

Y. Zhou et al.
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mid-body or sperm tail. Sperm head malformations mainly include a
knobbed acrosome [58] and pyriform heads [59]; mid-body abnormal-
ities mainly include segmental aplasia [60] and distal reflex [61]; tail
abnormalities mainly include an abaxial tail [62]. In the process of AI,
the malformation rate detected by the CASA system should be less than
20 % for it to meet the standard requirements [63].

4. The role of AOS on boar semen quality

The way AOS regulates boar semen quality is mainly divided into
three aspects. Firstly, AOS can improve sperm metabolites such as
retinol that can act as antioxidant. Retinol can reduce ROS in the
epididymis where the sperm stored. Secondly, AOS can improve sperm
proteins such as protein kinase A (PKA), which is usually related to
spermatogenesis and acrosome integrity. Thirdly, AOS can improve the
composition of intestinal microorganisms. On one hand, AOS increases
the relative abundance of beneficial bacteria such as Butyricicoccus
which can produce butyric acid that is beneficial to spermatogenesis, on
the other hand, AOS reduces the relative abundance of harmful bacteria
such as Prevotella, that has a negative correlation with sperm motility
and sperm concentration. The effects of AOS on the semen quality of
boars are shown in Fig. 4.

4.1. AOS improves sperm metabolites to increase semen quality

There are many nutrients in semen that can directly or indirectly
regulate semen quality [64]. A Study by Han et al. has shown that
adding 10 mg/kg AOS to the basal diet of boars with similar age (33
months old) and body weight (300 kg) can significantly improve the
sperm metabolome [65]. Among the metabolites that were enriched are
antioxidant substances such as retinol, unsaturated acids such as DHA
and EPA, and amino acids such as lysine. A study by Keys and Zim-
merman has shown that retinol is a very strong antioxidant able to
reduce reactive oxygen species (ROS) [66]. As we all know, mature
sperm will temporarily store in epididymis [67]. In the epididymis, the
mitochondria in the sperm generate a large amount of ROS through the
oxidation reactions of the respiratory chain [68]. These ROS mainly
include oxygen free radicals and hydroxyl radicals. Retinol has been
found to reduce ROS in the epididymis and thus improve semen quality
[69]. Unsaturated fatty acids such as DHA and EPA have also been

shown to significantly improve semen quality in human. A study by
Hosseini et al. using meta-analysis has shown that supplementing
infertile men with omega-3 fatty acids resulted in a significant
improvement in sperm motility and sperm concentration [70]. Another
study in which boar spermatozoa were used as a model to investigate the
impact of different glucose concentrations, shows a positive impact on
spermatozoa motility, mitochondrial activity, and acrosome integrity at
physiological temperature (37 ◦C) as well as during refrigeration (17 ◦C)
by adding lysine [71]. These aforementioned sperm metabolites are
significantly positively correlated with sperm motility and negatively
correlated with abnormal sperm rate. This indicates that AOS can
improve semen quality by improving spermmetabolites. Also, in a study
with aging boars (65 months old Duroc boars with 300 kg body weight),
AOS significantly improved the sperm metabolome [72]. Among them,
the level of the antioxidant succinic acid significantly increased, while
the level of dibutyl phthalate, which is negatively related to spermato-
genesis, significantly reduced [73]. As a result, the service lifespan of
Duroc aging boars could be extended through nutritional regulation. In
addition, AOS can also improve the sperm metabolome to relieve the
decline in semen quality caused by heat stress in boars [74], as could be
seen by both the increased sperm motility and concentration after AOS
supplementation. Moreover, in a study with mice, it was found that AOS
repaired testicular damage caused by busulfan, and increased the sperm
metabolites such as retinol, thereby increasing the sperm motility
[75,76]. Therefore, AOS regulates the semen quality of boars through
improving the sperm metabolome.

4.2. AOS improves sperm proteins to increase semen quality

Proteins play a vital role in the spermatogenesis, and the addition of
AOS in the feed can increase the level of some specific proteins in the
semen, thereby contributing to the improvement of semen quality. The
proteins referred to are mainly ZAG, PKA, p-ERK, and CatSper. ZAG is
involved in regulating the acrosome reaction of spermatozoa to increase
their fertilization ability [77]. PKA mediates protein phosphorylation,
which is important for sperm motility and male fertility because of its
necessity in activating sperm capacitation [78,79]. At the same time, in
mice, p-ERK can repair testicular damage caused by Biophenol exposure,
as well as improve the sperm motility and sperm density, which is
beneficial to semen quality [80]. Western blotting and

Fig. 4. The role of AOS on boar semen quality. AOS is a strong antioxidant which can reduce ROS in the epididymis. AOS can regulate the immune function of the
intestine. Feeding AOS to the animals can improve sperm metabolites such as unsaturated fatty acids and sperm proteins, such as CatSper, p-ERK, and PKA, and it can
change gut microbiota, as well as improve the overall semen quality.
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immunocytochemistry showed that CatSper subunits are present in boar
spermatozoa, primarily in the sperm neck, tail and cytoplasmic droplets
[81]. The main mechanism involves the distribution of CatSper
throughout the outer sperm membranes, preventing the binding with
calcium, thereby improving boar sperm motility during capacitation
[82]. Therefore, AOS regulates the semen quality of boars through
improving the level of sperm proteins.

4.3. AOS changes gut microbes to increase semen quality

As the largest immunologically important organ in the digestive
system, the intestine has emerged as a popular research hotspot [83].
The composition of intestinal microorganisms plays an important role in
connecting host with diet. Therefore, the intestinal microbes and spe-
cific organs or axes between organs, such as the intestinal liver axis [84]
and intestinal testicular axis [85], are more and more closely examined
by many experts. Studies have shown that adding AOS to the basal diet
of Duroc boars (N = 9, 24 month old with 300 kg body weight) can
change the relative abundance of intestinal microbes, increasing bene-
ficial bacteria and reducing harmful bacteria [72]. In the study by Zhou
et al., at the phylum level, the relative abundance of Bacteroidetes
increased and that of the Firmicutes decreased. At the genus level,
Butyricicoccus, as a beneficial bacteria that can produce butadic acid
which is benefit to spermatogenesis [86]. A Spearman associated anal-
ysis showed that Bacteroidetes and Butyricicoccus are positively corre-
lated with sperm motility and sperm concentration. In contrast,
Firmicutes are negatively correlated with sperm motility and sperm
concentration [65]. At the same time, AOS can also reduce harmful
bacteria such as Prevotella. Studies have shown that Prevotella appeared
to exert a negative effect on sperm quality [87,88]. In addition, adding
AOS to the diet of boars can increase the content of short-chain fatty
acids (SCFAs) in the intestine, and specifically acetic acid and butyric
acid are significantly improved [72]. SCFAs are small molecular com-
pounds which can freely enter the testis through the blood and provide
energy for the spermatogenesis [89]. Feeding AOS to mice changed the
intestinal microbiota and sperm motility improved significantly [90].
Using fecal microbiota transplant (FMT) technology, by which bacteria
were orally fed to the mice, the sperm motility and the relative abun-
dance and colonization of beneficial bacteria such as Bacteroidales and
Bifidobacteriales in the small intestine increased [75]. Therefore, AOS
can increase the semen quality of boars by changing the microbial
composition. On the one hand, this occurs through the increase of
beneficial bacteria to promote the production of short-chain fatty acids,
thereby promoting the interaction with the intestinal testicular axis. On
the other hand, a reduction of intestinal harmful bacteria aims to inhibit
the damage of spermatogenesis.

5. Conclusion and perspectives

Nowadays, large-scale boar studs have adopted high-intensive semen
collection methods in order to improve reproduction efficiency. This
lead to a decline in the semen quality and an increase in elimination rate.
For a while now, the beneficial effects of AOS on boar semen quality
have been subject to investigation. Important results of AOS have been
achieved in the research of the intestinal testicular axis. A supplemen-
tation with AOS can indeed increase the semen quality through chang-
ing gut microbiota and metabolites in blood and sperm, as well as
increasing sperm proteins that are related to spermatogenesis. There-
fore, in this review we summarize the positive effects of AOS on intes-
tinal microorganisms, blood metabolites, sperm metabolites and sperm
proteins. However, the molecular mechanism by which AOS is regu-
lating the semen quality of boars is not clear yet, and further research
needs to be performed.

AOS is a natural additive with developmental value. Clarification of
the relationship between structure and biological activity of AOS can
help to prepare targeted AOS with specific functions, to be applied in the

fields of food, medicine and feed additives. However, several bottle-
necks still exist in the preparation and application of AOS. The structure-
function relationships of oligosaccharides have not been well studied
and are worthy of attention and exploration in the future. As hetero-
geneous oligosaccharides, AOS showed more diversities in structures
than other homogeneous oligosaccharides including chito-
oligosaccharides, manno-oligosaccharides and isomalto-
oligosaccharides. The unique functions of AOS are strongly connected
with the specific structures. The different structure can result in different
functions of AOS. The current research on the relationship between the
structure and biological activity of AOS is not in-depth enough. Most of
the research focuses on the biological activity of AOSmixtures, and most
of them are based on in vitro model studies, which limits the further
development and utilization of AOS. In the future, we hope to clarify the
detailed mechanism of AOS and how it can be used especially in specific
agricultural settings, for example, in releasing heat stress or extended
service lifespan of Duroc boars, in order to reduce the elimination rate in
large scale boar stud. At the same time, it would be interesting to find
targeted drugs containing AOS that can treat male infertility which is
clinical manifestations of oligospermia. Now, some problems had been
explored that AOS increased murine sperm concentration and motility,
and rescued busulfan disrupted spermatogenesis, AOS can also improve
the semen quality of diabetic mice model. Therefore, this review not
only provides a theoretical basis for AOS as a feed additive in agricul-
ture, but also provides ideas for solving human infertility problems.
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