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Abstract

This study aimed to investigate the effects of resveratrol (RES) and sanguinarine
(SAG) on growth performance, serum indices, and diarrhea status in Holstein
calves under two months of age. Fifty-four 5-day-old Holstein heifer calves were
randomly assigned to three treatments (n = 18 per treatment) and fed milk
replacer (MR), MR + 0.05 mg/kg BW SAG, or MR + 4 mg/kg BW RES for
55 days. Body weight and body measurements were recorded at 5, 14, 28, 42,
and 56 days of age, and diarrhea incidence was recorded daily. Blood samples
were collected at 60 days of age for serum index determination. The results
showed: 1) RES and SAG had no significant effects on total weight gain or
dry matter intake (P > 0.05), age had a significant effect on body weight (P <
0.0001), but there was no interaction between age and treatment (P = 0.8539);
2) increases in chest girth and hip height were significantly greater in both
RES and SAG treatments compared with the MR treatment (P < 0.005); 3)
no significant differences in diarrhea rates were observed among treatments (P
> 0.05); 4) serum concentrations of growth hormone (GH), epidermal growth
factor (EGF), and insulin-like growth factor-I (IGF-I) were significantly higher
in the RES treatment than in the other two treatments (P < 0.05); 5) serum
malondialdehyde concentration was significantly higher in the SAG treatment
than in the other two treatments (P < 0.05). In conclusion, supplementation of
RES or SAG in milk replacer improved body measurements in calves under two
months of age; RES supplementation significantly increased serum GH, EGF,
and IGF-I concentrations; and both RES and SAG show potential as growth
promoters for calves.
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Abstract

This study investigated the effects of resveratrol (RES) and sanguinarine (SAG)
on growth performance, serum indexes, and diarrhea status in Holstein calves
under two months of age. Fifty-four 5-day-old female Holstein calves were ran-
domly assigned to three treatments (n=18 per treatment) using a completely
randomized design. The treatments consisted of a milk replacer (MR) control,
MR supplemented with 0.05 mg/kg BW SAG, and MR supplemented with 4
mg/kg BW RES. The trial lasted 55 days. Body weight and body measure-
ments were recorded at 5, 14, 28, 42, and 56 days of age, with daily monitoring
of diarrhea status. Blood samples were collected at 60 days of age for serum
analysis. The results showed: (1) RES and SAG had no significant effects on to-
tal weight gain or dry matter intake (P>0.05). Days of age significantly affected
body weight (P<0.0001), but no interaction between age and treatment was ob-
served (P=0.8539). (2) For body measurements, the increases in heart girth and
hip height in both RES and SAG treatments were significantly greater than in
the MR treatment (P<0.005). (3) No significant differences in diarrhea rates
were detected among treatments (P>0.05). (4) The RES treatment exhibited
significantly higher serum concentrations of growth hormone (GH), epidermal
growth factor (EGF), and insulin-like growth factor-I (IGF-I) compared with the
other two treatments (P<0.05). (5) Serum malondialdehyde (MDA) concentra-
tion in the SAG treatment was significantly higher than in the other treatments
(P<0.05). In conclusion, supplementation of MR with RES or SAG can increase
body size in calves under two months of age; RES supplementation significantly
increases serum GH, EGF, and IGF-I concentrations; and both RES and SAG
show potential as growth promoters for calves.
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Introduction

Calf rearing represents the most critical phase in cattle production, with the
quality of calf management profoundly impacting subsequent growth and devel-
opment. Therefore, implementing appropriate nutritional strategies to improve
calf growth and health is essential. Conventional practice involves adding an-
tibiotics to animal diets as growth promoters; however, the use of antibiotics
as feed additives in ruminant diets is being phased out due to risks associated
with improper use, including antimicrobial resistance and antibiotic residues,
which have raised widespread societal concern. The World Health Organization
has identified antimicrobial resistance as a growing public health problem in
both human and veterinary medicine worldwide. Consequently, the European
Union banned antibiotic growth promoters in January 2006 (EU Regulation
1831/2003/EC), and in July 2016, China’ s Ministry of Agriculture announced
a prohibition on using colistin sulfate as a growth promoter effective April 2017
(Announcement No. 2428). The livestock industry must identify economically
effective growth promoters that enhance animal performance while addressing
public health concerns.

In recent years, plant extracts have emerged as a research focus for animal
growth promotion. Studies have demonstrated that tannins, saponins, and cer-
tain Chinese herbal extracts exert beneficial effects on rumen fermentation, nu-
trient digestibility, and growth performance in sheep and cattle. Resveratrol
(RES) is a non-flavonoid polyphenol and natural phytoalexin found abundantly
in grapes (particularly in skins and seeds), peanuts, and the traditional Chinese
herb Polygonum cuspidatum. RES and its derivatives possess numerous bio-
logical and pharmacological activities, including antioxidant, neuroprotective,
and cardioprotective properties. Sanguinarine (SAG), with the molecular for-
mula C H O N, is a benzophenanthridine isoquinoline alkaloid primarily found
in Macleaya cordata, Chelidonium majus, Eomecon chionantha, and Corydalis
species. It exhibits antibacterial, antioxidant, and anti-inflammatory effects,
and is used to control schistosomiasis as well as demonstrating antitumor prop-
erties.

While RES and SAG have been studied as feed additives in monogastric animals
and fish, research in ruminants remains limited, particularly in young ruminants.
Therefore, this experiment investigated the effects of RES and SAG on growth
performance, serum indexes, and diarrhea status in Holstein calves under two
months of age to provide a basis for their application in calf production.

Materials and Methods

Experimental Time and Location

The experiment was conducted from September to November 2015 at the Second
Ranch of Yinxiang Weiye in Caoxian County, Heze City, Shandong Province.
The average temperature and relative humidity ranged from 5-30°C and 30-
60%, respectively.
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Experimental Diets and Design

The milk replacer (MR) used in this study (Patent No. ZL 02128844.5) was
provided by the Beijing Precision Animal Nutrition Research Center. SAG
(>99% purity) and RES (>98% purity) were purchased from Hunan Meikeduo
Biological Resources Co., Ltd. Fifty-four healthy 5-day-old Chinese Holstein
female calves with similar genetic backgrounds and comparable body weights
were housed individually in calf hutches (1.2 m x 2.0 m with sawdust bedding).
Following a single-factor randomized design and based on body weight and
age consistency, calves were randomly allocated to three treatments (n=18 per
treatment): MR (control), MR + 0.05 mg/kg BW SAG, and MR + 4 mg/kg
BW RES. Supplementation levels of SAG and RES were adjusted every two
weeks as calf body weight increased.

The SAG dosage was selected based on Vieira et al., who reported that dietary
supplementation of Macleaya cordata extract (containing 1.5% SAG) at 0.010-
0.045 mg/kg BW improved feed conversion ratio and weight gain in broilers,
with optimal results at 0.035 mg/kg BW. Additionally, Rao et al. reported
effective dosages of 0.021-0.023 mg/kg BW in 8-25 kg piglets. Considering that
some MR liquid may enter the rumen in calves, this study selected 0.05 mg/kg
BW SAG. The RES dosage was based on recommendations from our laboratory’
s previous work with sheep.

Feeding Management

Before the experiment, the entire facility was thoroughly disinfected with Qian-
gli Xiaoduling solution, with weekly repetition of disinfection for all pens and
bi-monthly treatment with 10% lime solution. The MR contained no antibiotics
or coccidiostats. During the transition period from 5 to 11 days of age, the ra-
tio of MR to whole milk gradually increased from 1:3 to 3:1; from 12 days of
age onward, calves received only MR. The MR was reconstituted to 12.5% dry
matter (DM) using hot water boiled and cooled to 40-50°C, and fed as emulsion
twice daily (08:00 and 17:00). Calves had ad libitum access to clean water 30
minutes after feeding. The daily feeding amount was set at 12% of calf body
weight and adjusted regularly with growth. SAG and RES were added directly
to the MR liquid before feeding.

At 14 days of age, all calves were moved from individual hutches to group pens
(6 calves per pen, approximately 4 m? per calf). All calves received the same
starter feed (without SAG or RES) and clean water for ad libitum consumption.
Calves were weaned at 60 days of age. The composition of the starter feed and
nutrient levels of MR and starter are presented in Table 1 .

Sample Collection

Feed Samples: Daily samples of MR and starter feed were collected, mixed
thoroughly during the experimental period, and stored in sealed bags at -20°C.
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Residual feed from each treatment was collected and weighed before morning
feeding each day, with subsamples stored at -20°C for subsequent analysis.

Blood Samples: Blood samples (approximately 10 mL) were collected via
jugular venipuncture before morning feeding at 60 days of age. Samples were
placed at an angle to allow serum separation, then centrifuged at 1509.3xg for
10 minutes. Serum was harvested and stored at -20°C until analysis.

Diarrhea Rate: Diarrhea status was observed and recorded daily throughout
the experimental period. Diarrhea rate was calculated as: Diarrhea rate (%)
= [(number of diarrheic calves x diarrheic days) / (total number of calves X
experimental days)] x 100.

Growth Performance: Body weight was measured before morning feeding at
5, 14, 28, and 56 days of age. Body measurements (body length, body height,
heart girth, hip height, and hip width) were recorded at 5, 28, and 56 days of
age.

Sample Analysis

Nutrient levels in MR and starter feed were determined using the following
methods: gross energy (GE) by oxygen bomb calorimetry (C200, IKA Works
Inc., Germany); dry matter (DM) by oven drying at 105°C for 6 hours (AOAC,
1990; 930.15); crude protein (CP) by Kjeldahl method (AOAC, 1990; 920.87);
ether extract (EE) by Soxhlet extraction (AOAC, 1990; 920.85); crude ash by
combustion at 600°C for 6 hours in a muffle furnace (AOAC, 1990; 924.05);
calcium (Ca) by atomic absorption spectrophotometry (Perkin-Elmer M9W-
700) according to AOAC (1990; 968.08); phosphorus (P) by molybdovanadate
colorimetry (AOAC, 1990; 965.17); and neutral detergent fiber (NDF) and acid
detergent fiber (ADF) according to Zhang Liying.

Serum indexes included biochemical, hormonal, and immune parameters. Con-
centrations of free fatty acids (FFA), immunoglobulin A (IgA), immunoglobulin
G (IgG), immunoglobulin M (IgM), superoxide dismutase (SOD), glutathione
peroxidase (GSH-Px), catalase (CAT), total antioxidant capacity (T-AOC), and
malondialdehyde (MDA) were analyzed using an automatic biochemical ana-
lyzer (Hitachi 7160, Japan) with kits from Beijing Huaying Biotechnology Re-
search Institute. Urea nitrogen (UN) was analyzed using the same analyzer with
kits from Zhongsheng Beikong Co., Ltd. Insulin (INS) and norepinephrine (NE)
concentrations were determined by radioimmunoassay (r-911) with kits from
Beijing Huaying Biotechnology Research Institute. Cortisol (COR), interleukin-
1 (IL-1), tumor necrosis factor- (TNF- ), interferon- ( -IFN), growth hormone
(GH), insulin-like growth factor-I (IGF-I), and epidermal growth factor (EGF)
concentrations were measured by enzyme-linked immunosorbent assay (STAT
FAX 2100, USA) with kits from Beijing Huaying Biotechnology Research Insti-
tute.
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Statistical Analysis

Raw data were initially processed using Excel 2013. Data for average daily
gain (ADG), diarrhea rate, and serum indexes were analyzed using the GLM
procedure in SAS 9.4, while other data were analyzed using the Mixed model.
Significance was declared at P<0.05.

Results
Effects of RES and SAG on Growth Performance and Diarrhea Status

The effects of RES and SAG on calf growth performance are presented in Ta-
ble 2 . The diet consisted of MR and starter feed. Compared with the MR
treatment, RES and SAG treatments increased total weight gain by 1.44 kg and
1.85 kg, respectively, though differences among treatments were not significant
(P>0.05). No significant differences in dry matter intake (DMI) were observed
among treatments (P>0.05). Body weight increased with age, with significant
effects of days of age (P<0.0001), but no interaction between age and treatment
(P=0.8539).

Regarding body measurements, body length in the SAG treatment was signifi-
cantly higher than in the other two treatments at 5 days of age (P<0.05), but
this difference disappeared with age (P>0.05), and no significant differences
were detected among treatments by 56 days of age (P>0.05). No significant
treatment effects were observed for body height or hip width, and no age x
treatment interactions were found (P=0.1525 and P=0.4054, respectively). At
5 days of age, heart girth in the MR treatment was significantly greater than
in the SAG treatment (P<0.05), but by 56 days of age, the SAG treatment
showed significantly greater heart girth than the MR treatment (P<0.05). Hip
height in the MR treatment was significantly higher than in the RES treatment
at 5 days of age (P<0.05), but differences among treatments diminished with
age (P>0.05). For increases in heart girth and hip height, both RES and SAG
treatments were significantly higher than the MR treatment (P<0.005).

The effects of RES and SAG on diarrhea status are shown in Table 3 . No sig-
nificant differences in diarrhea rates were detected among the three treatments
(P>0.05), though all treatments showed a decreasing trend with increasing age.
Numerically, dietary SAG supplementation reduced diarrhea rate by 1.42 per-
centage points compared with the MR treatment.

Effects of RES and SAG on Serum Indexes

The effects of RES and SAG on serum indexes are presented in Table 4 and Ta-
ble 5 . Among serum biochemical parameters, supplementation with RES and
SAG significantly reduced serum FFA concentration compared with the MR
treatment (P<0.05). The RES treatment exhibited significantly higher serum
GH, EGF, and IGF-I concentrations than the other two treatments (P<0.05).
Regarding serum immune parameters, the RES treatment showed significantly

chinarxiv.org/items/chinaxiv-201812.00387 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00387

ChinaRxiv [$X]

lower serum IgA concentration than the MR treatment (P<0.05). For serum an-
tioxidant parameters, the SAG treatment had significantly higher serum MDA
concentration than the other two treatments (P<0.05). No significant differ-
ences were observed for other serum indexes (P>0.05).

Discussion
Effects of RES and SAG on Growth Performance and Diarrhea Status

At the conclusion of the 56-day experiment, RES and SAG increased total weight
gain by over 1 kg, though differences among treatments did not reach statistical
significance. This aligns with the findings of Yang Chuntao, who reported no
significant effect of dietary mulberry leaf flavonoids on ADG in calves at 56 days
of age. Additionally, RES supplementation did not significantly affect DMI,
consistent with Sahin et al.” s observation of no significant change in quail DMI
following RES supplementation. Research has shown that SAG supplementation
significantly increased ADG and improved feed utilization efficiency in chickens
without affecting DMI, which agrees with our results. The lack of effect on DMI
suggests that these extracts do not negatively impact diet palatability.

Furthermore, dietary supplementation with SAG or its analogs significantly im-
proved growth performance in weaned piglets and carp, particularly ADG in
weaned piglets, which contrasts with our findings. While growth performance
typically decreases under stress conditions, studies have confirmed that SAG or
its analogs can improve growth performance in sheep under heat stress condi-
tions. Although no significant differences were observed in total weight gain or
body weight at various ages among treatments, SAG-treated calves exhibited
significantly greater heart girth at 56 days of age compared with MR-treated
calves. Moreover, both RES and SAG treatments showed significantly greater
increases in heart girth and hip height than the MR treatment. This outcome
may be attributed to SAG increasing the supply of non-ammonia nitrogen to
the small intestine, thereby reducing feed protein degradation in the rumen and
increasing microbial protein synthesis. Even though the effect of SAG on rumen
microorganisms in vivo was not evaluated, the reduction in peptide degradation
and amino acid deamination could be attributed to the selective antimicrobial
action of SAG. SAG may affect hyper-ammonia-producing bacteria by inhibiting
aromatic amino acid decarboxylase, while increased microbial protein synthesis
may reflect the reduction or removal of protozoa from the rumen following SAG
supplementation. Consequently, more nutrients are available for limb skeletal
development, which may lay a foundation for superior performance in adult-
hood.

Diarrhea is a common disease in suckling calves, particularly prevalent within
the first three weeks of age, and represents a major factor affecting calf growth
and development. Our results showed a decreasing trend in diarrhea rate with
increasing age, consistent with the findings of Dong Xiaoli and Yang Chuntao.
As animals age, their digestive organs and immune functions gradually ma-
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ture, leading to reduced diarrhea incidence. Although dietary supplementation
with SAG and RES did not significantly reduce diarrhea rate, a decreasing
trend was observed. Reports indicate that some plant extracts confer resistance
to harmful compounds such as mycotoxins, which may improve digestive pro-
cesses and ultimately enhance animal performance, particularly during early life
stages. Additionally, plant extracts may influence animal health by enhancing
endogenous enzyme secretion, improving intestinal environment and microbial
community balance, and strengthening liver function to better utilize fats and
proteins. SAG possesses antibacterial and anti-inflammatory properties that
can effectively alleviate weaning stress, maintain intestinal health, and reduce
diarrhea incidence in piglets.

Effects of RES and SAG on Serum Indexes

Serological parameters are valuable for evaluating nutrient metabolism and or-
gan health status, providing guidance for disease prevention and treatment.
While the effects of RES and SAG on calf serum indexes have not been exten-
sively studied, our results demonstrate significant impacts under the experimen-
tal conditions. Serum UN, a metabolic product of protein metabolism, serves as
an important indicator of protein metabolism and dietary amino acid balance.
In this study, RES and SAG supplementation did not significantly affect serum
UN concentration, consistent with the findings of Vakili et al. However, other
studies have reported significant changes in serum UN concentration following
dietary supplementation with plant essential oils. The lack of significant dif-
ference in our study may be attributed to similar protein intake levels among
treatments.

Serum FFA represents an important energy substrate, and its metabolism sen-
sitively reflects lipid metabolism status and nutritional condition. In this study,
SAG and RES supplementation significantly reduced serum FFA concentration,
consistent with Rivera et al.’ s findings in obese Zucker rats where RES sup-
plementation significantly decreased serum FFA concentration. Another study
reported that dietary cinnamaldehyde supplementation in yearling steers sig-
nificantly reduced serum FFA concentration compared with the control group.
This effect was attributed to cinnamaldehyde potentially providing more energy
to animals by increasing DMI, thereby favorably affecting energy balance.

INS is one of the most important hormones controlling nutrient metabolism.
Significantly increased blood FFA and ketone body concentrations stimulate -
cell INS release, which may represent a feedback mechanism to prevent excessive
fat mobilization. In ruminant lipid metabolism studies, INS infusion in mature
Suffolk ewes exerted lipogenic effects. INS inhibits gluconeogenesis and atten-
uates adipocyte lipolysis by reducing adenylate cyclase and hormone-sensitive
lipase activity, leading to decreased serum glucose and non-esterified fatty acid
concentrations. Research on RES effects on serum INS in normal, hyperinsu-
linemic, and diabetic rats has shown variable results depending on experimental
conditions. In normal rats, oral administration of 50 mg/kg BW RES reduced
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blood INS concentration after 30 minutes, consistent with our results. However,
long-term RES administration had negligible effects on plasma INS in normal
rats, differing from our findings, possibly due to species differences.

GH is a protein secreted by the anterior pituitary that promotes growth. Al-
though treatment did not significantly affect total weight gain, numerical im-
provements were observed in RES and SAG treatments compared with MR.
IGF-I is a multifunctional cell proliferation regulator and an essential active
protein peptide required for GH to exert its physiological effects. Our results
showed that RES treatment significantly increased serum GH, EGF, and IGF-
I concentrations compared with the other treatments. This may be because
resveratrol is an effective phytoestrogen that upregulates EGF and its recep-
tors, activates phosphorylated extracellular regulatory kinase signaling cascades,
promotes gastrointestinal epithelial cell proliferation and differentiation, repairs
damaged mucosa, and enhances nutrient digestion and absorption.

While diarrhea rate provides direct observation of calf health status, serum
immunoglobulins serve as a hidden indicator for evaluating internal immune ca-
pacity, and their combination facilitates comprehensive analysis of experimental
results. Studies have shown that serum immunoglobulin concentrations are sig-
nificantly higher in healthy calves than in diarrheic calves. Our results indicated
that serum IgA concentration in the MR treatment was significantly higher than
in the RES treatment, which may explain why diarrhea rate and total weight
gain in the MR treatment did not differ significantly from the other treatments.
RES and SAG supplementation did not significantly affect immune parameters.

Recent research has extensively investigated the relationship between growth
performance and blood antioxidant status, with serum SOD or GSH activity
and MDA concentration considered positive and negative indicators of antiox-
idant status, respectively. MDA, a metabolic product of lipid peroxides, is
primarily produced when polyunsaturated fatty acids in cell membranes are at-
tacked by free radicals, and its concentration indirectly reflects the degree of
cell membrane damage. Our results showed that serum MDA concentration in
the SAG treatment was significantly higher than in the other treatments, which
contradicts Lee et al.” s findings that SAG supplementation reduced MDA con-
centration in broiler thigh muscle. This discrepancy may be due to differences in
animal species and supplementation levels. Our results also differ from Sahin et
al.” s findings that 400 mg/kg RES supplementation significantly reduced serum
MDA concentration in quail, suggesting that RES possesses superior antioxidant
properties compared with SAG.

Conclusion

1. RES and SAG supplementation significantly increased heart girth and hip
height in calves and showed a trend toward increased feed intake.

2. RES and SAG did not significantly affect major serum immune parameters
or antioxidant enzyme activities.
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3. RES supplementation increased serum GH, EGF, and IGF-I concentra-
tions.
4. Both RES and SAG demonstrate potential as growth promoters for calves.
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