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Abstract

This experiment aimed to investigate the effects of non-fibrous carbohy-
drates/neutral detergent fiber (NFC/NDF) ratio on growth performance,
serum biochemical indices, and nutrient digestion and metabolism in weaned
male beef calves. Sixty healthy weaned male beef calves aged 2-3 months with
an average body weight of (94.38+0.25) kg were selected and randomly divided
into 4 groups with 15 calves per group. They were fed four types of total mixed
rations (TMR) with similar crude protein levels but different NFC/NDF ratios
of 1.35 (Group A), 1.23 (Group B), 0.94 (Group C), and 0.80 (Group D). The
experimental period lasted 105 days, including a 15-day preliminary period
and a 90-day formal experimental period. Feed intake was measured daily,
and body weight was measured every 15 days; jugular vein blood samples were
collected on days 15, 30, 45, 60, 75, and 90 to determine serum concentrations
of glucose (GLU), growth hormone (GH), insulin-like growth factor-I (IGF-I),
leptin (LEP), insulin (INS), glucagon (PG), and triglyceride (TG); digestion
and metabolism trials were conducted using the total collection of feces and
urine method on days 30 and 90. The results showed: 1) High NFC/NDF diets
increased the average daily gain of calves, with Group A being significantly
higher than the other three groups (P<0.05); 2) Serum LEP concentration
in Group A was significantly higher than that in Groups C and D (P<0.05),
while serum IGF-I concentration in Group D was significantly higher than
that in all other groups (P<0.05); 3) On day 90, the apparent digestibility
of dry matter, neutral detergent fiber, and acid detergent fiber, as well as
gross energy digestibility, gross energy metabolic rate, and digestible energy
metabolic rate decreased with decreasing dietary NFC/NDF ratio, with Group
A being significantly higher than Group D (P<0.05), methane energy in Group
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D being significantly higher than other groups (P<0.05), and urine energy,
urine nitrogen, and digested nitrogen in Group A being significantly higher
than those in Groups B and C (P<0.05). In conclusion, a diet with NFC/NDF
ratio of 1.35 can meet the nutrient requirements of 3-6 month-old beef calves,
and feeding this diet not only enables calves to maintain a relatively high
average daily gain (1.14 kg/d), but the diet is also easily digested and utilized,
with relevant serum biochemical indices remaining within normal ranges, thus
not affecting calf health.
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Abstract: This study investigated the effects of dietary non-fiber carbohydrate
(NFC) to neutral detergent fiber (NDF) ratio on growth performance, serum bio-
chemical indices, and nutrient digestion and metabolism in weaned meat male
calves. Sixty healthy 2- to 3-month-old weaned calves with an average body
weight of (94.38+0.25) kg were randomly divided into four groups of fifteen
animals each. The calves were fed four total mixed rations with similar crude
protein levels but different NFC/NDF ratios: 1.35 (Group A), 1.23 (Group
B), 0.94 (Group C), and 0.80 (Group D). The experiment lasted 105 days, in-
cluding a 15-day adaptation period and a 90-day formal experimental period.
Daily feed intake was recorded, and body weight was measured every 15 days.
Blood samples were collected via jugular vein at 15, 30, 45, 60, 75, and 90 days
to determine serum concentrations of glucose (GLU), growth hormone (GH),
insulin-like growth factor-I (IGF-I), leptin (LEP), insulin (INS), glucagon (PG),
and triglycerides (TG). Digestion and metabolism trials were conducted at 30
and 90 days using total feces and urine collection.

The results showed: (1) High NFC/NDF diets improved average daily gain
(ADG), with Group A significantly higher than the other three groups (P<0.05).
(2) Serum LEP concentration in Group A was significantly higher than in
Groups C and D (P<0.05), while serum IGF-I concentration in Group D was sig-
nificantly higher than in all other groups (P<0.05). (3) At 90 days, the apparent
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digestibility of dry matter, neutral detergent fiber, and acid detergent fiber, as
well as gross energy (GE) digestibility, GE metabolic rate, and digestible energy
metabolic rate, all decreased with decreasing dietary NFC/NDF; Group A was
significantly higher than Group D (P<0.05). Methane energy in Group D was
significantly higher than in other groups (P<0.05), while urine energy, urine
nitrogen, and digestible nitrogen in Group A were significantly higher than in
Groups B and C (P<0.05).

In conclusion, a dietary NFC/NDF ratio of 1.35 can meet the nutritional re-
quirements of 3- to 6-month-old meat calves. This diet not only maintains a
high ADG (1.14 kg/d) but is also easily digestible and utilized, with all relevant
serum biochemical indices remaining within normal ranges without adversely
affecting calf health.

Keywords: meat calves; non-fiber carbohydrate/neutral detergent fiber;
growth performance; serum biochemical index; digestion and metabolism

Introduction

According to the China Animal Husbandry Statistical Yearbook [1], China had
104.205 million head of cattle in 2013, accounting for 10% of the world’ s total.
The number of cattle slaughtered increased from 46.02 million in 2009 to 48.28
million in 2013, while beef production rose from 6.3554 million tons to 6.89
million tons between 2009 and 2014, representing 7.95% of China’ s total meat
production and 11.8% of global beef production. This positions China as a
major beef-producing nation after the United States and Brazil.

Previous research has shown that high-concentrate diets, rich in fermentable
carbohydrates, increase volatile fatty acid (VFA) concentrations in the rumen,
particularly propionate and butyrate proportions, which promote rumen epithe-
lial development [2] and enhance nutrient digestion and absorption throughout
the digestive tract [3]. However, other studies indicate that dietary concentrate-
to-forage ratio affects crude protein (CP) apparent digestibility in male lambs
but not other nutrient digestibility parameters [4]. Serum biochemical indices
reflect whether dietary nutrients meet animal requirements, metabolic stabil-
ity, and homeostasis, thereby providing insights into growth and health status
[5]. Studies have demonstrated that altering dietary structure influences serum
biochemical indices and certain hormones and growth factors [6].

Current research has primarily focused on sheep and adult cattle, with limited
reports on 3- to 6-month-old meat male calves. Furthermore, no consensus ex-
ists regarding the optimal NFC/NDF ratio for this developmental stage. Since
3- to 6-month-old calves are in a critical growth period with immature gastroin-
testinal development, selecting an appropriate NFC/NDF ratio is essential for
promoting gastrointestinal development, establishing microbial flora, and facil-
itating subsequent feeding management. This study investigated growth per-
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formance, serum biochemical indices, and nutrient digestion and metabolism in
meat calves to determine the optimal dietary NFC/NDF ratio for 3- to 6-month-
old calves and provide reference data for nutritional requirements of meat male
calves.

1.1 Experimental Time and Location

The experiment was conducted from October 2015 to April 2016 at the Xuchang
Experimental Base of Henan Agricultural University.

1.2 Experimental Materials

A single-factor experimental design was employed. Sixty 2- to 3-month-old early-
weaned meat male calves (crossbred Simmental) with an average body weight
of (94.38+0.25) kg were randomly divided into four groups of fifteen animals
each. Based on calf body weight and nutritional requirements, and referring
to the Chinese Feeding Standard of Beef Cattle (NY /T 815—2004) for 150 kg
body weight with 1.0 kg/d daily gain, four experimental diets were formulated
with approximately 11.70% CP and NFC/NDF ratios of 1.35 (A), 1.23 (B), 0.94
(C), and 0.80 (D). Diet composition and nutrient levels are shown in Table 1 .
Diets were fed as total mixed rations (TMR). The experimental period lasted
105 days, including a 15-day adaptation period and a 90-day formal period.

1.3 Feeding Management

Upon arrival, calves were weighed on an empty stomach in the morning, ear-
tagged, and dewormed before being housed individually in calf hutches (4.5 m x
1.5 m). Each calf was provided with a water trough and feed bunk. Manure was
removed and facilities were disinfected weekly. Feed was provided at 3.3% of
body weight on a dry matter (DM) basis as TMR. Residual feed was collected
daily before morning feeding to calculate daily feed intake.

1.4.1 Growth Performance Measurement

Residual feed was collected daily before morning feeding to calculate dry matter
intake (DMI). Body weight was measured individually before morning feeding
on days 1, 15, 30, 45, 60, 75, and 90 to calculate average daily gain (ADG) for
each group.

1.4.2 Serum Sample Collection and Analysis

At the start of the experiment, six healthy calves with good body condition were
randomly selected from each group. Blood samples were collected via jugular
vein before morning feeding on days 15, 30, 45, 60, 75, and 90 into 10 mL
centrifuge tubes, centrifuged at 4,000 r/min for 30 minutes, and the serum was
transferred to 1.5 mL tubes and stored at -20°C for analysis.
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Serum glucose (GLU) and triglyceride (TG) concentrations were determined us-
ing a colorimetric method (Hitachi 7160 automatic biochemical analyzer, Japan).
Serum growth hormone (GH), leptin (LEP), insulin-like growth factor-I (IGF-
I), and glucagon (PG) concentrations were measured using enzyme-linked im-
munosorbent assay (ELISA) (STAT FAX-2100 automatic microplate reader).
Serum insulin (INS) concentration was determined using radioimmunoassay
(XH-6020 automatic radioimmunoassay counter).

1.4.3 Feces and Urine Sample Collection and Analysis

Digestion and metabolism trials were conducted at 30 and 90 days using total
feces and urine collection in metabolic crates for 6 days (2-day adaptation and
4-day collection). Daily feed intake, total fecal output, and total urine volume
were recorded for each calf. Fecal samples (100 g) were collected daily, mixed
thoroughly, and preserved with 50 mL of 10% sulfuric acid for nitrogen fixation.
Urine samples (100 mL) were collected daily and preserved with 10 mL of 10%
sulfuric acid. All samples were stored at -20°C for analysis.

Fecal samples: CP content was determined using a Kjeldahl nitrogen analyzer;
neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents were
measured using an ANKOM 200 Fiber Analyzer; gross energy (GE) was deter-
mined using a PARR-6400 automatic oxygen bomb calorimeter; DM and organic
matter (OM) contents were also measured [8].

Urine samples: Urine nitrogen was determined using the Kjeldahl method,
and urine energy was measured using a PARR-6400 automatic oxygen bomb
calorimeter [8].

Methane energy (CH E) determination: The sulfur hexafluoride (SF ) tracer
method was used [7]. During the digestion and metabolism trials, exhaled gases
were collected continuously for 4 days using gas collection bags (Guangming
Chemical Research and Design Institute). SF permeation rate was measured
using a gas chromatograph (Shunyu Hengping GC1120, Shanghai) with nitro-
gen, hydrogen, and air generators (Beijing Huijia Jingyi, GTL-300/500/1000).
Methane (CH ) emissions were measured using a gas chromatograph (Shanghai
Jingke GC-4000A).

CH emission = QSF x [CH]/[SF] [9]
CHE (MJ/d) = 39.75 x CH emission [10]

Where QSF is the SF release rate; [CH | is the methane concentration in the
sampled gas; and [SF ] is the SF concentration in the sampled gas.

1.6 Statistical Analysis

Experimental data were analyzed for significance using MIXED and ANOVA
procedures in SAS 8.1 software. When significant differences were detected, mul-
tiple comparisons were performed using LSD and Duncan’ s methods. P<0.05

chinarxiv.org/items/chinaxiv-201711.00802 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00802

ChinaRxiv [$X]

was considered statistically significant, and 0.05 P<0.10 indicated a significant
trend.

2.1 Growth Performance of Meat Calves

As shown in Table 2 , during the entire experimental period (1-90 days), ADG
of calves in Group A was significantly higher than in the other three groups
(P<0.05), being 14.00%, 20.00%, and 23.91% higher, respectively. During days
31-45 and 76-90, ADG in Group A was significantly higher than in Group B
(P<0.05), with no significant differences among other groups (P>0.05). Dietary
NFC/NDF ratio did not affect overall DMI or feed conversion ratio (P>0.05).
However, during days 16-30, DMI in Group C was significantly lower than in
Group A (P<0.05).

Overall ADG, DMI, and feed conversion ratio were significantly affected by age
(P<0.01). ADG and feed conversion ratio were not affected by the group x age
interaction (P>0.05), while DMI was significantly affected by the group x age
interaction (P<0.05).

2.2 Serum Biochemical Indices of Meat Calves

As shown in Table 3 | dietary NFC/NDF ratio did not affect serum concentra-
tions of GLU, TG, GH, INS, or PG (P>0.05). Serum IGF-I concentration in
Group A was not significantly different from Group C (P>0.05), but differed
significantly among other groups (P<0.05), with the highest value in Group D.
Serum LEP concentration in Group A was significantly higher than in Groups C
and D (P<0.05), with no significant differences among other groups (P>0.05).

Serum GLU, GH, and INS concentrations were significantly affected by age
(P<0.01). Age significantly affected serum LEP concentration (P<0.05) but
did not affect TG, IGF-I, or PG concentrations (P>0.05). Except for INS
concentration, which was significantly affected by the group x age interaction
(P<0.05), other serum biochemical indices were not affected by this interaction
(P>0.05).

2.3 Nutrient Apparent Digestibility of Meat Calves

As shown in Table 4 , at 30 days, dietary NFC/NDF ratio did not affect apparent
digestibility of any nutrients (P>0.05). At 90 days, apparent digestibility of DM
in Group A was significantly higher than in Groups C and D (P<0.05), with no
significant differences among other groups (P>0.05). OM digestibility showed
a decreasing trend with decreasing dietary NFC/NDF (P=0.0576). Apparent
digestibility of NDF in Group A was significantly higher than in Groups B, C,
and D (P<0.05), with no significant differences among the latter three groups
(P>0.05). Apparent digestibility of ADF in Group A was significantly higher
than in Groups B and D (P<0.05), and Group C was significantly higher than
Group D (P<0.05), with no other significant differences (P>0.05).
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2.4 Energy Utilization Rate of Meat Calves

As shown in Table 5 , dietary NFC/NDF ratio did not significantly affect any
energy parameters at 30 days (P>0.05). At 90 days, CHE in Group D was
significantly higher than in Groups A, B, and C (P<0.05), with no significant
differences among the latter three groups (P>0.05). Urine energy excretion
in Group A was significantly higher than in Groups B and C (P<0.05), with
no other significant differences (P>0.05). GE digestibility in Group A was
significantly higher than in Groups C and D (P<0.05), with no other significant
differences (P>0.05). GE metabolic rate in Groups A and B was significantly
higher than in Group D (P<0.05), with no other significant differences (P>0.05).
Digestible energy metabolic rate did not differ significantly among Groups A,
B, and C (P>0.05) but was significantly higher than in Group D (P<0.05).

2.5 Nitrogen Metabolism of Meat Calves

As shown in Table 6 , dietary NFC/NDF ratio did not significantly affect ni-
trogen metabolism indices at 30 days (P>0.05). At 90 days, urine nitrogen in
Groups A and D was significantly higher than in Groups B and C (P<0.05),
and digestible nitrogen in Group A was significantly higher than in Groups B
and C (P<0.05).

3.1 Effects of Dietary NFC/NDF on Growth Performance of Meat
Calves

Dietary structure influences nutritional value and consequently affects nutrient
absorption and utilization, ultimately impacting animal growth and develop-
ment. During days 1-90, the gastrointestinal tracts of crossbred Simmental
calves were not fully developed, limiting nutrient digestion, absorption, and
utilization. Feeding low-nutrient diets inhibited growth and development. High-
NFC diets ferment more readily in the rumen, increasing propionate concentra-
tion, which can be converted to glucose via gluconeogenesis to provide energy
and promote calf growth [11]. These results are consistent with Liu et al. [12]
but differ from Wang et al. [13], possibly due to different experimental diets,
animal breeds, sexes, and ages. DMI is closely related to ADG. In this study,
the diet with the highest NFC/NDF ratio had relatively lower NDF content,
which was more palatable and contained higher nutrient levels, resulting in the
highest ADG of 1.14 kg/d.

3.2 Effects of Dietary NFC/NDF on Serum Biochemical Indices of
Meat Calves

IGF-1 is secreted by the liver into the bloodstream, where it binds to carrier pro-
teins and is transported to target organs (such as muscle and bone) to exert its
effects. GH and IGF-I form the GH-IGF axis that regulates growth and devel-
opment; GH stimulates hepatic IGF-I production, while IGF-I exerts negative
feedback on GH secretion [14]. However, this study did not show a reciprocal
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relationship between GH and IGF-I. Calves fed the NFC/NDF 1.35 diet had
increased DMI promoting weight gain, but the highest IGF-I concentration oc-
curred in the NFC/NDF 0.80 group, consistent with Dong [15]. This may be
because low dietary nutrient levels failed to meet calf requirements, disrupt-
ing the GH-IGF axis balance. Additionally, as dietary NFC content decreased,
palatability declined, causing selective feeding in some animals.

Leptin is a protein hormone secreted by adipocytes that primarily regulates
energy balance [16]. After entering the bloodstream, it participates in glucose,
lipid, and energy metabolism while influencing other hormone secretions. Stud-
ies have shown that plasma leptin concentration in 4- to 6-month-old calves
is affected by dietary nutrient levels [17]. In this study, serum leptin concen-
tration decreased significantly with decreasing dietary NFC/NDF, consistent
with trends in energy digestion, metabolism, and weight gain, indicating that
high-nutrient diets promote leptin secretion and benefit calf growth.

3.3 Effects of Dietary NFC/NDF on Nutrient Digestion and
Metabolism of Meat Calves

The results showed no significant differences in metabolic body weight (W - ) or
DMI/W - among groups at both 30 and 90 days, indicating that calves used in
metabolism trials met experimental requirements. Previous studies have shown
that roughage induces satiety, and DMI decreases as dietary roughage propor-
tion increases [18]. However, at 30 days, DMI in groups other than NFC/NDF
1.35 increased with dietary NDF content, suggesting that as NFC/NDF de-
creased (from 1.23 to 0.80), calves needed to consume more feed to meet their
requirements. The NFC/NDF 1.35 diet had the highest NFC content and best
palatability, resulting in higher feed intake than other groups.

Apparent digestibility of DM and OM can reflect animal health and gastroin-
testinal development status [18]. In this study, all groups were fed according
to body weight percentage, and nutrient intake depended on dietary composi-
tion. Research has shown that dietary structure significantly affects nutrient
digestion and metabolism in ruminants [18]. At 30 days, NFC/NDF ratio did
not affect DM and OM apparent digestibility, but the NFC/NDF 1.23 group
showed the highest values, indicating that this dietary nutrient level met calf
requirements. At 90 days, as readily digestible carbohydrate content increased,
more carbon sources were supplied to rumen microbes. With sufficient nitrogen
sources, microbial proliferation and metabolism were enhanced, increasing DM
and OM apparent digestibility, consistent with Junior et al. [19].

NDF and ADF digestion and utilization reflect rumen development status. High-
NDF diets stimulate rumen motility, reducing feed retention time and decreas-
ing NDF and ADF digestibility [20]. This aligns with Yu et al. [21], who reported
that nutrient digestibility in calves decreases with increasing dietary NDF /NFC
ratio. However, Blaxter [10] found that when dietary NDF content was 33.26%
in 35-50 kg sheep, NDF and ADF apparent digestibility were lowest at 32.76%
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and 23.15%, respectively, because fermentation of large amounts of fermentable
carbohydrates reduced rumen pH and inhibited fiber-degrading bacterial activ-
ity [22-23]. This phenomenon did not occur in our study, likely because the
gastrointestinal tracts of 3- to 6-month-old calves were not fully developed, pre-
venting complete nutrient digestion and utilization and thus avoiding excessively
low rumen pH that would affect fiber-degrading bacterial activity.

3.4 Effects of Dietary NFC/NDF on Energy Utilization Rate of Meat
Calves

At 30 days, GE digestibility and GE metabolic rate remained at approximately
67% and 60%, respectively, across all groups. Although energy utilization effi-
ciency did not differ significantly among groups, it improved to some extent and
increased ADG, suggesting that improving energy metabolic rate is key to en-
hancing energy utilization efficiency [24]. When dietary NDF content increases,
rumen microbial fermentation of carbohydrates follows the pattern: 5 glucose
— 6 acetate + 2 propionate + butyrate + CO + 3 CH + 6 H O [25], and large
acetate production increases hydrogen ion availability [26], increasing rumen
methane production. Urine energy is affected by protein metabolites; urinary
nitrogen in NFC/NDF 1.35 and 0.80 groups was significantly higher than in
1.23 and 0.94 groups, resulting in increased urine energy.

At 90 days, GE digestibility, GE metabolic rate, and digestible energy metabolic
rate decreased with decreasing dietary NFC/NDF, averaging approximately
71%, 62%, and 80%, respectively. This occurred because: (1) as NFC/NDF
decreased (from 1.35 to 0.80), dietary nutrient level and digestibility decreased,
requiring more time for rumination and digestion [3]; and (2) after 90 days of
feeding different dietary structures, gastrointestinal changes affected energy uti-
lization efficiency. No significant difference in energy utilization was observed be-
tween NFC/NDF 1.35 and 1.23 groups, but NDF and ADF apparent digestibility
differed significantly, indicating that nutrient utilization efficiency does not en-
tirely depend on digestibility, particularly apparent digestibility. Furthermore,
the NFC/NDF 1.23 diet met nutrient requirements but did not provide excess
nutrients, resulting in slower growth compared to the NFC/NDF 1.35 group.

3.5 Effects of Dietary NFC/NDF on Nitrogen Metabolism of Meat
Calves

Ruminant nitrogen utilization occurs primarily through nitrogen metabolic path-
ways, derived from protein degradation and microbial protein synthesis. Calves
excrete excess protein as urine nitrogen. In this study, dietary protein levels
were similar across groups, but urinary nitrogen and nitrogen apparent digestibil-
ity were higher in NFC/NDF 1.35 and 0.80 groups due to higher feed intake.
Raven [28] found that increasing dietary nutrient levels significantly increased
retained nitrogen. In this study, retained nitrogen was highest in the NFC/NDF
1.35 group, but nitrogen retention rate was highest in the NFC/NDF 1.23 group,
possibly because increased nutrient levels in the NFC/NDF 1.35 group increased
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fat deposition around visceral organs, affecting kidney function and reducing
nitrogen retention rate. This differs from Liu [29], possibly due to different
experimental diets and animals.

3.6 Effects of Age on Growth Performance, Serum Biochemical In-
dices, and Nutrient Digestion and Metabolism

As calf age increases, physiological functions improve, nutrient utilization ef-
ficiency increases [3], and growth rate accelerates. Serum biochemical indices
related to growth and development correspondingly increase or decrease, follow-
ing similar patterns as animal growth. Gastrointestinal development directly
affects nutrient digestion and metabolism. At 30 days, calves had developing
gastrointestinal tracts, immature microbial populations, low digestive enzyme
secretion, and low enzyme activity, resulting in poor nutrient and energy utiliza-
tion. With increasing age and dietary stimulation, gastrointestinal development
and microbial enzyme systems were established by 90 days, enabling more com-
plete digestion and absorption of dietary nutrients.

Under the conditions of this study, a dietary NFC/NDF ratio of 1.35 can meet
the nutritional requirements of 3- to 6-month-old meat calves. This diet not only
maintains high ADG but is also easily digestible and utilized, with all relevant
serum biochemical indices remaining within normal ranges without adversely
affecting calf health.
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