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Abstract
Modern liquid fermented feed is a stable feed product formed by mixing food
industry by-products and agricultural by-products or feed with water at a ratio
of 1.0:1.5 to 1:4, followed by sufficient fermentation, with advantages including
inhibition of pathogen proliferation, improved growth performance in livestock
and poultry, enhanced gastrointestinal health, expanded feed sources, and re-
duced production costs. Since the European Union announced a comprehen-
sive ban on antibiotic feed additives, extensive research has been conducted on
the production and application technologies of safe and effective antibiotic-free
feed; as an antibiotic-free feed, liquid fermented feed holds broad application
prospects. This article provides a comprehensive review of the production pro-
cesses, quality-influencing factors, and applications of liquid fermented feed in
pig production, aiming to provide a reference for its promotion and application.
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Abstract: In its modern sense, fermented liquid feed refers to a stable feed
product obtained through thorough fermentation of a mixture containing food
industry by-products, agricultural and sideline products, or conventional feed
ingredients with water at ratios ranging from 1.0:1.5 to 1:4. This feed type
offers multiple advantages, including inhibition of pathogen proliferation, im-
proved growth performance in livestock and poultry, enhanced gastrointestinal
health, expanded feed resource utilization, and reduced production costs. Since
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the European Union’s complete ban on antibiotic feed additives, extensive re-
search has been conducted on safe and effective antibiotic-free feed production
technologies. As an antibiotic-free feed option, fermented liquid feed demon-
strates broad application prospects. This review summarizes the production
processes, quality-influencing factors, and applications of fermented liquid feed
in pig production, aiming to provide references for its broader promotion and
implementation.

Keywords: liquid fermentation; fermentation quality; influencing factors; pigs;
growth performance; gastrointestinal health

1 Production Technology and Quality of Fermented Liquid
Feed
Liquid feed can be categorized into two types: unfermented and fermented.
Unfermented liquid feed refers to ready-to-use mixtures of feed and water in
specific proportions. Fermented liquid feed, by contrast, is produced by mixing
fermentation substrates with water at ratios of 1.0:1.5 to 1:4, allowing microor-
ganisms in the fermentation liquid to metabolize and degrade macromolecular
substances such as polysaccharides, proteins, and fats into smaller molecules.
This process decomposes or transforms anti-nutritional factors while generating
beneficial metabolites including organic acids (primarily lactic acid), bacteri-
ocins, and digestive enzymes, ultimately yielding a low-pH, stable product rich
in probiotic substances that is more easily digested and absorbed by livestock
and poultry [1-2].

1.1 Production of Fermented Liquid Feed

Multiple fermentation approaches exist for producing fermented liquid feed.
Based on substrate composition, these can be divided into complete-diet liq-
uid fermentation and partial-grain liquid fermentation. Complete-diet fermen-
tation represents the simplest production method [3]; however, it can lead to
irreversible losses of nutrients such as vitamins and amino acids (especially syn-
thetic amino acids) [3-6]. Partial-grain fermentation involves fermenting only
the grain component first, then mixing it with other ingredients to create a com-
plete liquid diet [1]. Compared to complete-diet fermentation, this approach not
only prevents nutrient loss but also achieves faster and more stable fermenta-
tion due to the lower buffering capacity of the simpler substrate composition.
Consequently, partial-grain fermentation has become the more widely adopted
method [6-8].

Fermentation methods can also be classified as natural fermentation or inocu-
lated fermentation (directed or induced fermentation). Natural fermentation
relies on indigenous microorganisms present in the substrate, offering opera-
tional simplicity [6,9]; however, it risks uncontrolled proliferation of contami-
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nating bacteria such as Enterobacteriaceae, making the fermentation process
unpredictable [10] and potentially generating biogenic amines and high con-
centrations of acetic acid that compromise feed palatability and quality [5-6].
Inoculated fermentation introduces specific probiotic strains to initiate rapid,
directed fermentation [7,11]. Research indicates that low pH and high lactic
acid concentration are crucial for inhibiting pathogenic bacteria like Enterobac-
teriaceae [1] and represent an effective strategy to prevent explosive pathogen
growth when pH rises significantly after mixing fermented grains with other
ingredients [8]. Therefore, selected fermentation strains should exhibit rapid
proliferation, substantial lactic acid production, and quick pH reduction capa-
bilities. Currently, Lactobacillus plantarum and Pediococcus pentosaceus are
commonly used for pig liquid feed fermentation [1]. Additionally, depending on
the substrate, yeast and bacillus species can be combined with lactic acid bac-
teria to achieve specific objectives such as increasing microbial protein content
or degrading anti-nutritional factors [12].

From a process perspective, fermentation can be batch or continuous (back-
slopping). Continuous fermentation retains a proportion (20%-50% [13]) of fer-
mented product in the tank, which is then mixed with fresh substrate and water
for ongoing fermentation [11]. This approach ensures continuous production and
high productivity [13] but risks contaminant bacteria becoming dominant and
reducing feed quality [9]. Batch fermentation, conversely, does not retain fer-
mented product between cycles. While this means each batch must be cleaned
and reloaded—requiring more sophisticated equipment and complex operation
[9,14]—it offers greater control and more stable quality, as any fermentation
failure affects only one batch [4-5].

1.2 Quality Parameters and Influencing Factors

High-quality fermented liquid feed should have a pH below 4.5, lactic acid
bacteria counts exceeding 10� CFU/mL, lactic acid concentration above 150
mmol/mL, and acetic acid and ethanol concentrations below 40.0 mmol/mL
and 0.8 mmol/mL, respectively [15]. High lactic acid concentration lowers feed
pH, enhances palatability, and inhibits pathogen proliferation [7]. Lactic acid
concentrations above 7 mmol/mL can inhibit Salmonella growth, while levels
above 100 mmol/mL suppress E. coli proliferation [16-18]. Excessive acetic acid
and ethanol produce off-flavors that reduce palatability [5].

Microbial species and population represent a primary factor affecting feed qual-
ity [18]. When lactic acid bacteria dominate, rapid lactic acid production im-
proves palatability and inhibits pathogens such as E. coli and Salmonella [1].
Yeast dominance presents a dual impact: on one hand, yeasts can adsorb intesti-
nal pathogens to their surface, preventing colonization of the intestinal mucosa
[19-20]; on the other hand, yeast proliferation consumes substantial carbohy-
drates, producing ethanol, acetic acid, and carbon dioxide [5,21] that negatively
affect palatability and dry matter content. In practice, the latter effect pre-
dominates, necessitating yeast-suppressed fermentation. Weak acids such as
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formic, sorbic, and benzoic acid inhibit yeast growth without affecting lactic
acid bacteria [22].

Fermentation time, temperature, pH, and oxygen content also influence qual-
ity, with time and temperature being most significant. Within certain ranges,
increasing temperature and extending duration enhance lactic acid yield and ac-
cumulation, improving pathogen inhibition. However, fermentation exceeding
72 hours risks over-fermentation and excessive carbohydrate consumption [23].
For optimal results, fermentation temperature should not fall below 15°C [19];
temperatures above 20°C show minimal quality differences [19], while 30°C sig-
nificantly increases lactic acid production [16]. The feed-to-water ratio primarily
affects dry matter content rather than quality within conventional ranges. Ex-
cessively high ratios increase dry matter content, reduce fluidity, and cause feed
to adhere to pipelines and spoil, while excessively low ratios decrease dry matter
intake and impair growth performance. Typical ratios range from 1.0:1.5 to 1:4,
with 1:2 or 1:3 commonly used for pig feed [14,18].

2 Applications in Pig Production
2.1 Application in Weaned Piglets

Fermented liquid feed is widely used in European countries, particularly for
weaned piglets, with numerous studies confirming its benefits. Domestic ap-
plications also focus primarily on weaned piglets to alleviate weaning stress,
stimulate feed intake, and reduce weight loss.

2.1.1 Effects on Growth Performance Multiple trials have confirmed that
fermented liquid feed increases average daily feed intake (ADFI) and average
daily gain (ADG) in weaned piglets. Compared to dry feed, piglets fed fermented
grain liquid feed [24] or complete-diet fermented liquid feed [25] showed ADFI
improvements of 22.63% and 1.96%, and ADG improvements of 13.50% and
11.68%, respectively. The high lactic acid content provides an acidic aroma that
stimulates intake, while the physical similarity to sow’s milk and simultaneous
provision of nutrients and water prevent dehydration and reduce time needed
to learn drinker use [26]. Furthermore, piglets consuming fermented liquid feed
with 14.5%-25.5% dry matter content reduce non-feed water intake, maximizing
dry matter consumption [27].

While effects on ADFI and ADG are consistent, feed conversion ratio (FCR) re-
sults vary. Chen et al. [28] reported that weaned piglets fed fermented liquid feed
showed improved digestibility of crude protein (3.66%), calcium (3.85%), and
total phosphorus (15.53%), with a 3.40% reduction in feed-to-gain ratio. Li [29]
found FCR improvements of 8.68% and 10.90% compared to pelleted and mash
feeds, respectively. Conversely, Li et al. [24] observed a 7.65% increase in feed-
to-gain ratio with fermented liquid feed versus dry feed. The generally accepted
mechanism involves probiotics degrading macromolecules into absorbable small
molecules, reducing anti-nutritional factors, and producing beneficial metabo-
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lites that enhance nutrient utilization [30]. However, improved ADFI and ADG
may paradoxically increase FCR due to feed wastage related to individual feed-
ing space, feeding behavior, and trough design [27].

2.1.2 Effects on Gastrointestinal Health Fermented liquid feed improves
gastrointestinal health and reduces diarrhea incidence in weaned piglets. Li
[29] reported diarrhea rate reductions of 53.89% and 3.36% compared to mash
and pelleted feeds, respectively. Li et al. [25] observed a 54.88% reduction in
diarrhea for piglets fed fermented liquid feed versus dry feed. This effect results
from multiple mechanisms.

First, fermented liquid feed addresses the post-weaning challenge of insufficient
gastric acid secretion and elevated stomach pH, thereby enhancing pepsin hy-
drolytic activity, delaying gastric emptying, improving protein digestibility, and
reducing diarrhea caused by protein malabsorption [13,31-32].

Second, it mitigates weaning stress-induced damage to intestinal villus structure
and improves mucosal morphology. Scholten et al. [33] found that piglets fed
fermented grain liquid feed showed 25.44% greater villus height and 36.36%
higher villus length-to-crypt depth ratios compared to non-fermented liquid feed.
This benefit stems not only from reduced viscosity causing less intestinal wall
damage but also from easier acquisition of comprehensive, balanced nutrients.
Additionally, increased volatile fatty acid concentrations (particularly butyrate)
in the cecum promote intestinal cell growth, proliferation, and maintenance of
mucosal integrity [30,34-35].

Finally, fermented liquid feed modulates gastrointestinal microbiota composi-
tion and balance, reducing disease incidence. Studies show significantly in-
creased lactic acid bacteria populations in the stomach and small intestine [3,13],
higher lactobacilli-to-E. coli ratios in the hindgut [8], and reduced fecal E. coli
with increased lactobacilli [24] in piglets fed fermented liquid feed. As previously
noted, the low pH enhances the stomach’s natural barrier function, preventing
pathogen passage to intestinal colonization sites [36]. Inoculated probiotics enter
the digestive tract with feed, producing beneficial metabolites (lactic acid, bac-
teriocins, neurotransmitters, volatile fatty acids) that exert antimicrobial, an-
tioxidant, and immunomodulatory effects [30,37]. They also positively regulate
microbiota structure through pH reduction, oxygen consumption [20,30,38], and
competition with pathogens for nutrients and colonization sites [30,39], thereby
reducing pathogen loads and gastrointestinal disease incidence.

2.2 Application in Growing-Finishing Pigs

The effects of fermented liquid feed are less pronounced in growing-finishing
pigs than in piglets, and the lack of supporting feeding systems has resulted
in limited domestic research. In European countries, large-scale finishing farms
commonly use inexpensive raw materials to produce fermented liquid feed, re-
ducing production costs and improving profitability.
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2.2.1 Effects on Growth Performance Results on growth performance in
growing-finishing pigs are inconsistent. Jsenen et al. [19] reported 4.4% and
6.9% improvements in ADG and feed efficiency, respectively, with naturally fer-
mented liquid feed. Chen et al. [40] found that inoculated lactic acid bacteria-
fermented liquid feed increased ADG by 34.03% and 16.86% compared to dry
and non-fermented liquid feeds, while reducing feed-to-gain ratio by 15.84% and
19.83%, respectively. Conversely, Canibe et al. [3] observed no significant effects
on performance with 4-day naturally fermented liquid feed versus non-fermented
liquid or pelleted feeds. These discrepancies likely relate to inconsistent fermen-
tation direction and degree. Properly fermented feed can improve ileal apparent
digestibility of crude protein, crude fiber, neutral detergent fiber, and fecal total
tract digestibility of crude protein [41-42], whereas over-fermentation consumes
substantial carbohydrates, reducing dry matter content and generating unde-
sirable byproducts like acetic acid and ethanol that compromise quality [23].
Additionally, improper feed-to-water ratios adversely affect both dry matter
content and palatability.

2.2.2 Effects on Carcass Quality While fermented liquid feed shows less
pronounced effects on growth performance and gastrointestinal health in finish-
ing pigs, it significantly influences carcass quality [42]. Feeding fermented liquid
feed to uncastrated boars shifts tryptophan metabolism from skatole to indole
in the hindgut, reducing skatole concentrations in longissimus dorsi muscle and
subcutaneous fat, thereby decreasing boar taint [43]. Li et al. [44] reported
that feeding a mixture of corn, soybean meal, wheat bran, cottonseed meal, and
wheat shorts fermented with Bacillus subtilis, Lactobacillus, and Saccharomyces
cerevisiae improved meat quality in finishing pigs, increasing redness value (a*),
tenderness, intramuscular fat content, and flavor compounds while reducing
drip loss. These improvements likely relate to fermentation-induced changes in
flavor amino acid and small peptide composition.

2.2.3 Effects on Production Costs Unlike piglets, growing-finishing pigs
have relatively mature physiological systems and show less pronounced responses
to fermented liquid feed, but the approach offers unique cost advantages. Fer-
mented liquid feed can incorporate substantial amounts of food processing by-
products and other agricultural products, expanding feed resources and improv-
ing cost-effectiveness. Research indicates that fermented liquid feed improves
total tract apparent digestibility of dry matter [45] and reduces feed protein
waste and costs by 6% [46]. The fermentation process increases crude protein,
small peptide, and amino acid content while generating abundant enzymes [30]
and liberating more phosphorus from feed ingredients, thereby improving uti-
lization efficiency of protein and available phosphorus [9,31,43,47]. This reduces
the need for supplemental phosphorus, protein, and amino acids, lowers feed
cost per unit weight gain, and decreases excretion of phosphorus, sulfur, nitro-
gen, and odorous gases, improving health for both stockpersons and pigs while
reducing medication costs.
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When combined with appropriate feeding systems, fermented liquid feed reduces
labor costs and enables precise delivery (accuracy up to 99.8% [32]), minimizing
feed waste. Additionally, feeding fermented liquid feed during cold seasons elimi-
nates the energy expenditure required to warm solid feed from 8°C to 38°C (1.44
MJ per pig per day [46]), preventing cold stress-related diseases and improving
production efficiency.

2.3 Application in Sows

Fermented liquid feed is widely used for sows in European countries, with over
30% of Danish sows receiving it. Domestic applications remain relatively lim-
ited, primarily for maintaining body condition and improving reproductive per-
formance.

2.3.1 Effects on Sow Performance Fermented liquid feed increases sow feed
intake, maintains body condition, and reduces culling rates. Hong et al. [48]
reported that sows fed naturally fermented liquid feed during lactation expe-
rienced 140.24% less body weight loss compared to dry-fed sows. John [49]
found that fermented liquid feed increased average daily feed intake by 5.2%
and annual piglets born by 12.0% while reducing piglet mortality by 13.8%.
Since lactating sows prioritize nutrient utilization for milk production, inade-
quate energy intake forces mobilization of body reserves, causing severe weight
loss. The physical properties of fermented liquid feed—good palatability, large
volume, and satiety-inducing characteristics [31]—stimulate intake, help gestat-
ing sows obtain adequate water, reduce reproductive disorders and constipation,
maintain stomach volume, and enable postpartum sows to rapidly restore feed
intake for greater energy reserves and enhanced milk production. Additionally,
fermented liquid feed increases immunoglobulin activity in colostrum and en-
hances mitogenic activity of lymphocytes and intestinal cells [50], improving
passive immunity in newborn piglets.

2.3.2 Effects on Gastrointestinal Health of Sows and Offspring New-
born piglets have sterile intestines that acquire microbiota primarily through
maternal and environmental contact [37,51]. E. coli in sows proliferates mas-
sively before farrowing due to stress, exposing piglets to high infection risk
from birth. Fermented liquid feed effectively mitigates this issue. Demecková
et al. [50] found that sows fed fermented liquid feed showed significantly re-
duced fecal E. coli and increased lactobacilli, while their offspring exhibited
5.5% higher lactobacilli and 7.3% lower E. coli in feces. Thus, fermented liquid
feed creates a favorable environment for establishment and balance of neonatal
microbiota by reducing pathogen loads in both sows and piglets. Furthermore,
research demonstrates vertical transmission of feed-borne probiotics from sows
to offspring, which is crucial for developing piglets’immune systems and future
gastrointestinal physiology [52-53].
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3 Summary and Outlook
Fermented liquid feed offers advantages in improving pig growth performance,
gastrointestinal health, feed digestibility, resource utilization, and cost reduc-
tion. However, these benefits depend on rational diet formulation, mature
fermentation technology, and complete production and feeding systems. Cur-
rent limitations in China—including immature fermentation technology, unsta-
ble product quality, lack of supporting feeding systems, and high initial invest-
ment—restrict widespread adoption. While domestic and international research
continues to optimize fermentation processes, practical applications require ad-
justments to feed formulas and feeding modes based on specific conditions to
maximize advantages across different animal categories and production stages.
The absence of integrated feeding systems creates a disconnect between produc-
tion and delivery, increasing spoilage risk and labor costs. Therefore, develop-
ment and promotion of compatible feeding systems are essential. As fermenta-
tion technology matures and production/feeding systems become standardized,
fermented liquid feed will likely gain broader acceptance among producers, of-
fering extensive application prospects.
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