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ABSTRACT

Article Information

The present study was aimed at determining the efficacy and safety value of biotechnology produced fulvic
acid (BFA) as a functional feed additive. Four BFA products produced by lactobacillus, bacillus, yeast
and fermented BFA from above 3 mixed bacteria were added by a proportion of 1.5% to the conventional
feed. Then the Sprague-Dawley rats were fed by normal feed and 4 different BFA feed for 4 weeks. It
was observed that the counts of neutrophils, white blood cells, and monocytes was significantly decreased
in the lactobacillus BFA group than the control group (P<0.05); neutrophil was reduced in bacillus BFA
group than the control group significantly (P<0.05). Compared to the control group, total protein, albumin,
and albumin/globulin ratio were increased in lactobacillus BFA group. The total bilirubin decreased
significantly (P<0.05) both in lactobacillus BFA and Bacillus BFA group. Total weight gain and daily
gain were increased in mixed fermentation BFA group significantly than the control group (P<0.05). For
feed conversion rates in each group, the mixed fermentation BFA group had the highest feed efficiency,
increased by 10.04% than the control group, followed by the yeast BFA group, with an increase by 4.14%.
The mixed fermentation BFA group and lactobacillus fermentation BFA group had significantly reduced
number of E. coli than the control group (P<0.05), while the number of lactobacilli was significantly
increased than the control group (P<0.05). The thymus index was significantly higher in the mixed
fermentation BFA group and Lactobacillus BFA group than the control group (P<0.05); while significant
difference was seen in the spleen index between the mixed fermentation BFA group and the control group
(P<0.01). Immu-serological indicators: the mixed fermentation group had significant increased serum
levels of IgA, 1gG, IgM and IL-2 compared with the control group (P<0.05); the Lactobacillus BFA group
had obviously increased levels of IgA, IgG and IL-2 than the control group (P<0.05). It proves that the
BFA has a positive effect on improving the health indicators and nutritional status, blood physiology and
biochemistry, weight gain of rats, which can effectively promote the growth of animals and raise feed
reward. It results in improving gut microbiota, promoting the digestion and absorption of nutrients, which
significantly improved weight gain rate and the quality of external fur. It was suggested that BFA has a
positive and effective effect on improving the nutrition of rats and promoting their healthy growth.
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Humic acid (HA) is a complex mixture, which has
complex functions and structures, gets from the
biological organic matter by the decomposition and
transformation of microorganisms through long-term
reaction and accumulation (Alvarez-Puebla et al., 2006).
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According to solubility and color in solvents, HA can
be classified into fulvic acid, hymatomalenic acid,
pyrotomalenic acid (Maryganova et al., 1995). HA is a
kind of complex natural macromolecule organic weak
acid, which is unstable and often exists in the form of
sodium salt. It has the characteristics of hydrophilic, weak
acid, complexation and adsorption (Kollist-Siigur et al.,
2001; Li et al., 2012; Bose and Reckhow, 1997).
Biotechnologically produced fulvic acid (BFA), a
compound substance which used in this study, is made
from fermented raw materials such as straw or wood,
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supplemented with soybean meal and wheat bran, which
are fermented by a variety of microorganisms. The BFA
used in this study is standardized derived from: Liquor’s
grains as the main raw material, the use of fermentation
engineering and enzyme engineering core technology,
combined with excellent probiotic strain, the probiotics-
composite enzyme coupled biological transformation
method, auxiliary physical and chemical processing. BFA
was prepared through such innovative process line. We
have also done a lot of research on the content detection or
quality standard of BFA which are widely used at present.
The results show that the quality detection studies are
mainly focused on: sensory detection, humic acid content,
microbiology hygiene, probiotics activity, and product
harmlessness (Ye ef al., 2013). Among them, the content
of humic acid and the number of probiotics live bacteria
are the key functional components to play the biological
role. Combined with Li (2011), quality research report on
BFA. The basic indicators of BFA quality qualification
used in this study are: FA content > 16%, the number of
probiotics alive > 2x10%fu/g. Strict control on the stability
of BFA source, to provide standardized samples for BFA
efficacy study.

It is reported that BFA is weakly acidic and contains
about 50% fulvic acid, 15% of ribonucleic acid and 9% of
amino acids, inositol, vitamin, and sugar (Lv ef al., 2010;
Liuetal.,2013). BFA contains a large number of probiotics
and fulvic acids, which combine with the function of HA
and probiotics to show better functional activity. It was
showed that probiotics exerts a competitive repulsion
against harmful bacteria (Collins et al., 1999). Therefore,
it can regulate the balance of gut microbiota, establish a
microbiota that is beneficial to the host gut. In addition,
it also proved that probiotics can improve immunity,
prevent diarrhea, improve gastrointestinal digestion and
absorption (Bengmark, 2002). All these make the BFA rich
in probiotics has the functions of improving the intestinal
function, animal growth performance and the utilization
rate of feed. At the same time, BFA contains a variety of
amino acids, nucleic acid, inositol, multi-vitamins, sugar
and other substances, which may involving in the multiple
reactions of body’s metabolism. These beneficial substances
are essential nutrients for animal growth, and effectively
promote the healthy growth of animals (Mcmurphy et al.,
2009; Arif et al., 2016; Naila et al., 2019). BFA can be
used to convert large molecular nutrients in feed to small
molecule nutrients, which are beneficial for gastrointestinal
digestion and absorption. BFA contains quinones, which
can enter multiple oxidation and reduction processes of the
body and promote metabolism (Scott ef al., 1998).

At present, various feed additives have been widely
used in various fields of agriculture. It was found that the

addition of complex probiotics had positive effects on the
growth performance, nutrient digestibility of growing pigs
(Liu et al., 2017). At the same time, the positive effects on
finishing pigs in the study of Scutellaria baicalensis and
Lonicera japonica extract mixture were studied (Liu et al.,
2016). In addition, HA can also be used as feed additive
(Wei et al., 2017), soil conditioner (Guo et al., 2016),
plant growth regulator (Adiloglu ef al., 2018), and organic
fertilizer fermentation (Li ef al., 2018). However, there are
not many studies on the application of BFA in efficient
ecological agriculture research.

In this paper, Sprague-Dawley rats were taken as the
research object, and the BFA feed products were added
into the regular feed of Sprague-Dawley rats as functional
nutritional feed additives. After feeding a certain period,
we observed the influence of BFA on the typical life state of
Sprague-Dawley rats, then analyzed the effects of BFA on
blood indexes, growth performance, quantitative analysis
of gut microbiota and immune indices in Sprague-Dawley
rats. We have studied the safety and efficacy of BFA as
a feed nutrient additive, providing theoretical and data
support for its subsequent development and application.

MATERIALS AND METHODS

Animal care

The experimental procedure was approved by the
Laboratory Animal Center at Army Medical University,
Chongqing .We selected 100 Specific Pathogen Free (SPF)
female Sprague-Dawley rats, 3-4 weeks old and weight 70-
90g, and all the animals were provided by the Laboratory
Animal Center of Army Medical University (NO:SCXK
(YU) 2017-0002).

Instrument and equipment

Automatic blood cell analyzer (Sysmex XT-2000i,
USA), Centrifuge (Anke TDL-5-A, USA), Automatic
biochemical analyzer (Hitachi 7600-010, Japan),
Microscope (Olympus, CX21FS1, Japan), Constant
temperature magnetic stirrer (Zhen Rong, 90-2, China),
Analytical balance (Guang Zheng, 562-1, China),
Whirlpool mixer (QL-901, China), Anaerobic glove
incubator (Thermo-1029, China), Incubator (Yuejin HH-
B11, China).

Main reagents and materials

Pentobarbital, normal saline, EDTA-K2, disposable
vacuum blood collection tube, disposable vacuum serum
collecting tube, EMB, MRS, IL-2 ELISA kit IL-4 ELISA
kit, IL-12 ELISA kit, IgA ELISA kit IgM ELISA kit, 1gG
ELISA kit, C3 ELISA kit.
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Feed formulation and experimental grouping

During the experiments, rats were fed with regular
diet from the Laboratory Animal Center of Army Medical
University. BFA products were provided by the Micro-
ecological Research and Development Center, Southwest
Hospital affiliated to Army Medical University. 100
female Sprague-Dawley rats were randomly divided into
5 groups, and each group was fed with a recipe shown in
Table L.

Table I.- Groups of the rats and feed formulations.

Groups BFA Normal feeding
stuff (%)

Lactobacillus  1.5% Lactobacillus 98.5
group fermentation

Bacillus group 1.5% Bacillus fermentation 98.5
Yeast group  1.5% Yeast fermentation 98.5
Mixed group  1.5% Mixed fermentation 98.5
Control group 0 100

Experimental method

The 100 female Sprague-Dawley rats were randomly
divided into 5 groups, Lactobacillus group, Bacillus group,
yeast group, mixed group and control group (routine feed),
each with 20 rats. Rats were reared in the SPF room of
Laboratory Animal Center, Army Medical University, for
4 weeks at 20-25°C and 40%-70% humidity. All groups
were provided with food and water ad libitum. Throughout
the experimental period, the feeding status, activity,
consciousness and morbidity of Sprague-Dawley rats were
observed and recorded. At the same time, the daily feed
consumption and the weekly weight of rats was recorded.
Blood, cecum contents, spleen and thymus were collected
at the end of the feeding cycle, and cryopreserved for
subsequent hematometry, quantitative analysis of gut
microbiota and detection of immune indices.

Hematometry

The Sprague-Dawley rats were anesthetized with
pentobarbital at a concentration of 3%, and blood samples
were taken from femoral vein. Blood cell count was done by
SysmexXT-20001 automatic blood corpuscle instrument.
Liver and renal functions were checked by seperating
serum from blood and then analyzed by Hitachi 7600-010
automatic biochemical analyzer.

Blood sera were used for estimation of IL-2, IL-4, IL-
12, IgA, IgM, IgG, IgG, and C3 of the rats, according to the
instructions of the kits (American R&D Company).

The thymic and the spleen indices
After killing the rats, the spleen and thymus gland

were removed, weighed and there indices were calculated
as follows:

. mg\ Rats thymus mass (mg)
Thymic index (—) =
g Rats body mass (g)
mg Rats spleen mass (mg)
Spleen index (—) =
g Rats body mass (g)

Rats weight gain and feed conversion rate

The rats were weighed on day | and day 7 of the week.
The fasting weight of each Sprague-Dawley rats was also
recorded. Average weekly weight gain was calculated.
Feed conversion rate:

Feed
Feed coversion rate = —————
Weight gain
Analysis of gut microbiota
The contents of the rat cecum were taken out
aseptically. 0.2g of specimen with 9 times the amount
of diluent and 3 sterilized glass beads were sonicated to
make it all pulp. The specimens were diluted in series from
10" to 10 with the original liquid to make 10 dilutions.
Diluted specimens were inoculated on deMan, Rogosa,
Sharpe (MRS) agar and eosin-methylene blue (EMB) agar.
Lactobacillus colonies was counted after 48h of
anaerobic culture, and the E. coli colonies were counted
after 24h of aerobic culture.

Statistical analysis

The experimental data are expressed by mean =+
standard deviation (Mean+SD), and the SPSS 19.0
software was used for statistical analysis. Using the single
factor variance analysis to analyze the population mean of
multiple groups, the comparison of the mean of multiple
samples was analyzed using LSD test method, P<0.05
showed significant difference, and P<0.01 was very
significant difference.

RESULTS

Blood indices

Figure 1 shows effect of feeding BFA for four weeks,
on the white blood cells (WBC), lymphocytes (Lymph)
and monocytes (Mon) in the Lactobacillus group and the
mixed group were significantly higher than the control
group. The WBC of yeast group was higher than that of
control group. There were no significant differences in the
other blood indices of the other three groups. There were
no significant differences between the blood indices of the
Bacillus group and the control group.
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Blood biochemical indices

Figure 2 shows the total protein (TP) , albumin (Alb),
albumin/globulin ratio (A/G) of the Lactobacillus group
were higher than the control group. The total bilirubin
(TBIL) of the Lactobacillus group and the Bacillus group
were significantly lower than the control group.

Fig. 1. The effect of BFA on routine blood indices in the SD rats.

Immune indices

Table II shows that IgA, IgG and IL-2 of Lactobacillus
group were significantly higher than those in the control
group after the BFA feeding for four weeks. IgA, IgG, IgM
and IL-2 were significantly higher in the mixed group than

the control group.

Table I1.- The effect of BFA on immune indices in the Sprague-Dawley rats.

Group C3 (ng/ml) IgA (ug/ml) IgG (ng/ml) IgM (ng/ml) IL-2 (ng/l) IL-4 (ng/l) IL-12 (ng/l)
Lactobacillus group — 28.28+4.42 1.95+0.56 1.68+0.13" 1.69+£0.15  343.78+44.94"  13.00+7.52 6.83+1.86
Bacillus group 25.36+3.84 1.47+0.36 1.52+0.12 1.66+0.20 289.82+18.73  13.14+6.74 7.01£3.68
Yeast group 23.71£5.40 1.58+0.36 1.66+0.19 1.63+0.21 305.97+17.84  13.11+8.81 7.26+3.33
Mixed group 25.73£4.75  2.94+0.49"  1.85+0.12" 1.89+0.11"  390.94+48.44™  16.50+6.51 7.72+1.23
Control group 23.3943.12 1.22+0.42 1.55+0.08 1.63+0.22 292.28+22.17 9.28+1.85 4.48+2.05

The data is represented as mean + SD (n = 20). “P < 0.05, P < 0.01 vs control group.
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Fig. 2. The effect of BFA on blood biochemical indices in the SD rats.
Table III.- The effect of BFA on thymus index and
spleen index in the SD rats.

Group Thymus index Spleen index
Lactobacillus group 2.06+0.34" 2.56+0.24
Bacillus group 1.89+0.28 2.50+0.29
Yeast group 1.93+0.37 2.54+0.49
Mixed group 2.27+£0.30™ 2.85+0.21™
Control group 1.73+0.28 2.33+0.33

The data is represented as mean + SD (n = 20). "P< 0.05, “"P< 0.01 vs
control group.

Fig. 3. The curves of body weight gain of the SD rats.
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Table IV.- The effect of BFA on feed conversion in the SD rats.

Total weight gain Total feed consumption Daily weight gain Daily feed consumption Feed conversion

Group

Lactobacillus group 124.17+£1.23 16622+3.89
Bacillus group 121.2242.13 16334.5+2.95
Yeast group 122.77+1.34 15922.5+£3.96
Mixed group 131.63+1.02" 16024+2.86
Control group 118.27+2.25 16004.5+3.97

4.43+0.53 29.68+1.34 6.70
4.33+0.55 29.17+1.56 6.74
4.38+0.78 28.43+1.68 6.49
4.70+0.43" 28.61£1.23 6.09
4.224+0.62 28.58+1.78 6.77

The data is represented as mean + SD (n = 20). “P < 0.05 vs control group.

Table III shows that the thymic indices of four BFA
fermentation groups were significantly higher than those
in the control group after the BFA fermentation products
were fed to Sprague-Dawley rats. The Lactobacillus group
and the mixed group were significantly higher than the
control group (P<0.05, P<0.01).

Body weight gain

Figure 3 shows that the weight of Sprague-Dawley
rats increased during the first weeks and then decreased
gradually.

Feed consumption and feed conversion

Table IV shows that the total weight gain and daily
weight gain of the mixed group were significantly higher
after the BFA feeding than that in the control group
(P<0.05). The feed conversion of each group were: mixed
group (6.09), yeast group (6.49), Lactobacillus group
(6.70), Bacillus group (6.74), and control group (6.77),
with the highest feed conversion of the mixed group,
10.04% higher than the control group. The yeast group
took the second place, the feed conversion was 4.14%
higher than that in the control group.

Table V.- The impact of BFA feed on E. coli and
Lactobacillus in the SD rats.

Groups E. coli Lactobacillus
Lactobacillus group 7.25+0.52" 10.12+0.60"
Bacillus group 7.93+0.87 9.69+0.75
Yeast group 8.20+0.84 9.56+0.91
Mixed group 6.91+0.66" 9.89+0.81"
Control group 8.53+1.01 8.92+0.66

The data is represented as mean + SD (n=20). "P < 0.05 vs control group.

E. coli and Lactobacillus

Table V shows quantitative analysis of the
representative gut microbiota of rats, E. coli and
Lactobacillus after being fed by BFA for four weeks.
The results showed that the number of E. coli in mixed

group and Lactobacillus group were significantly lower
than that in the control group (P<0.05), while the number
of Lactobacillus was significantly higher than that in the
control group (P<0.05). There was no significant difference
in the other groups.

DISCUSSION

The BFA is a type of composite fermentation
products, which use straw or sawdust, supplemented
with soybean meal, wheat bran and other fermented raw
materials, and is fermented by a variety of microorganisms
(Liu et al., 2013). BFA contains fulvic acid, probiotics,
amino acids, vitamins, sugar, and inositol. The most
remarkable characteristic of BFA is that it has the
function of fulvic acid and probiotics. Fulvic acid has
the function of antibiosis and antiphlogistic, it can
improve gastrointestinal function, promote metabolism,
promote growth and development of animals, enhance
immunity and disease resistance (Visser, 1973; Stefano,
2017). Probiotics can regulate gut microbiota, auxiliary
to establish beneficial to the host animals gastrointestinal
microflora, adjust the gastrointestinal function, prevent
diarrhea, enhance immunity, improve nutrient digestion
and absorption (Collins et al., 1999; Mcfarland, 2006).
This study showed that the BFA improves the gut
microbiota, promote nutrient digestion and absorption,
enhance immunity, promote metabolism, promote cell
proliferation, accelerating growth has a positive role in
such aspects. During experimentation, eating, movement,
consciousness, was all normal in the experimental group
and control group. After observation, four experimental
rats that were fed BFA, fur more smooth, point out BFA
can significantly promote the absorption and utilization of
nutrients in rats, thereby significantly improving animal
health and appearance, including fur quality.

Changes in blood biochemical indicators can reflect
the health of the body. The liver and kidneys are the primary
sites for the transformation and metabolism of allogenic
substances in the body. In this study, after the Sprague-



Effects of Fulvic Acid on Sprague-Dawley Rats 967

Dawley rats were fed by BFA for four weeks. There was
no significant differences in ALT, AST, Scr and UN in
the four BFA fermentation groups (P>0.05), suggesting
that BFA products did not have adverse effects on liver
and kidney function of Sprague-Dawley rats. Serum TP
consists of Alb and GIb. Its main physiological function is
the maintenance of the colloid osmotic pressure, and also
have the effect of immunity, transporting, repairing tissue
and buffering (Szabo et al., 2017). In this experiment, the
Alb, TP, A/G in Lactobacillus group were significantly
increased compared with control subjects (P<0.05), it
is suggested that Lactobacillus group can enhance the
capacity of Sprague-Dawley rat liver protein synthesis,
improve liver protein metabolism, promote production
and utilization of protein. At the same time, TBIL in the
Lactobacillus group and Bacillus group was lower than the
control group, and the difference was significant (P<0.05,
P<0.01). It is indicated that with the increase of hepatic
synthesis function and the increase of serum albumin,
the binding, carrying and metabolic capacity of albumin
to bilirubin have also been increased. Cagin et al. (2016)
designed to test chelator effect of HA on as well as its anti-
oxidant effect against the iron-induced hepatotoxicity and
cardiotoxicity. They found that no significant differences
were observed in the serum biochemical values and the
histopathological results among the HA groups in the liver
tissue but not in the heart tissue. The protective effects
of HA against iron-induced cardiotoxicity were shown
but not against hepatotoxicity in their study (Cagin ef al.,
2016). Observation of the blood indicators suggest that
four weeks after feeding with BFA, the WBC, lymphocyte
(Lymph) and mononuclear cells (Mon) of Lactobacillus
group and mixed group were higher than the control
group, with significant difference (P<0.05); The WBC
of the yeast group were higher than the control, and
the difference was significant (P<0.05). There was no
significant difference in blood indices of Bacillus group.
It was suggested that the Lactobacillus group and mixed
group could have a more obvious effect on hematological
indices. It was found that no significant differences were
noted with lymphocyte stimulation test. Diameter of the
‘B’-dependent lymphoid tissues in the ileum and spleen
were significantly (P< 0.05) larger in fulvic acid-treated
animals, fulvic acid supplementation resulted in strong
humoral immune stimulation (Vucskits et al., 2010).
Thymus and spleen are important immune organs in
the body, and thymus is the central lymphatic organ, which
is the site of differentiation, development and maturation
of T cells (Mao et al., 2017). The spleen is the peripheral
lymphatic organ, which is closely related to humoral
immunity and cellular immunity, and contains numerous
lymphocytes (including T lymphocytes, B lymphocytes)

and macrophages (Xu et al., 2016). In the experiment,
the thymus index, spleen index, IgA, IgG, IgG, IgM
and IL-2 in the mixed group were significantly higher
than those in the control group, and the difference was
significant (P<0.05). The thymus index, IgA, IgG and IL-2
of lactobacillus group were significantly higher than the
control group, and the difference was significant (P<0.05).
Preliminary results show that BFA has a positive impact
on the development of central and peripheral lymphatic
organs. Thus, by increasing the number of T lymphocytes
and B lymphocytes in the immune organs of Sprague-
Dawley rats, improve the body’s humoral immunity
and cellular immunity and improve the body’s overall
immunity (Marek et al., 2016). The IL-4 and IL-12 of the
four BFA groups were higher than the control group, but no
statistical significance was found. This may be due to the
differences between individual Sprague-Dawley rats, and
further research is needed. It was showed that the young
bifidobacterium stimulates the abdominal macrophages
of mice to produce a large amount of IL-1, IL-6 and
TNF-a (Nicaise et al., 1993). It was showed that the baby
bifidobacterium was able to activate the mice abdominal
macrophages and enhance the mRNA expression of IL-1
and IL-6 (Sekine ef al., 1995). It also indicated that fulvic
acid improves growth performance and intestinal health
condition of loach, indicates that fulvic acid could be used
as an immunoenhancer in loach culture (Gao et al., 2017).

It can be seen from the weight gain curve of Sprague-
Dawley rats that the weight of Sprague-Dawley rats were
increased with the increase of the age of week, and two
rapid growth periods were occurred (week 1 to week 2 and
week 4 to week 5, respectively). Then with the increase
of the age of week, the weight gain gradually slowed
down and finally stabilized. It showed that in the four BFA
groups, the weight gain of the mixed group was the highest
in the two rapid growth periods, and the total weight gain
and the daily weight gain were significantly higher than
those in the control group. The result is consistent with the
literature, BFA has the effect of promoting the digestion and
absorption of nutrients, boosting metabolism, promoting
cell proliferation, accelerating growth (Wang et al., 2008;
Ozturk et al., 2014). The experimental results of feed
conversion showed that the mixed group was better and
the yeast group was inferior, while the control group was
worse. The results showed that the mixing group increased
the feed conversion rate by 10.04% than the control group,
and the yeast group increased the feed conversion rate by
4.14% compared with the control group. It is suggested
that the BFA can effectively convert the large molecule
nutrients of the feed into small molecular nutrients, which
are better for gastrointestinal digestion and absorption.
At the same time, the active ingredient of BFA contains
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quinone, that can be used to enter multiple oxidation and
reduction processes of the body, promote metabolism, and
play a positive and effective role in promoting the growth
of animals and improving the utilization rate of feed.
Quinones are also responsible for the formation of reactive
oxygen species (ROS) in humic acids, which are useful for
wound healing and have bactericidal properties (Melo e?
al.,2016).

The results showed that the number of E. coli in
mixed group and lactobacillus group were significantly
lower than that in the control group after the BFA feeding,
while the number of live Lactobacillus was significantly
higher than that in the control group. It is indicated that
BFA can effectively inhibit the growth of E. coli in rats and
promote the proliferation and activity of Lactobacillus.
The mechanism may be that the Lactobacillus group and
the mixed group BFA contain a large number of beneficial
lactobacillus and other acid bacteria, these live bacteria
have the effect of lowering the PH value in the cecal and
ileum contents, by changing the acidity of the digestive
tract, competition inhibits the reproduction of harmful
bacteria such as E. coli and Salmonella, while promoting
the growth of anaerobic probiotics such as Lactobacillus
(Gibson et al., 1994).

CONCLUSION

In present study, it was proved that BFA has a positive
impact on improving the health indicators and nutritional
status, blood physiology and biochemistry, weight gain of
rats, which can effectively promote the growth of animals
and raise feed reward. At the same time, the BFA results
in improving gut microbiota, then promote the digestion
and absorption of nutrients, which significantly improved
weight gain rate and the quality of external fur. It is
suggested that BFA has a positive and effective effect on
improving the nutrition of rats and promoting their healthy
growth.
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