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Abstract: This experiment was conducted to evaluate the effects of dietary inclusion of fermented ginger
straw on the growth performance, gastrointestinal tract development and caecal fermentation of fattening
rabbits. A total of 160 45-d-old Laiwu black rabbits were randomly divided into 4 groups and fed 0% (Control),
5, 10 or 156% fermented ginger straw in their diet as a replacement for peanut straw powder. The trial lasted
for 7 d of adaptation and 43 d for testing. Growth performance was recorded from 52 to 95 d of age (n=5
per treatment with 30 rabbits, 3 males and 3 females per replicate), TTAD of nutrients from 91 to 95 d of
age, and gastrointestinal tract development, caecum fermentation and carcass traits were determined at
95 d of age (n=5 per treatment with 10 rabbits, 1 males and 1 females in per replicate).The results showed
that the average daily gain and final body weight in the experimental groups (5, 10 and 15% fermented
ginger straw) were higher than in the control group (P<0.05). However, the average daily feed intake in the
15% group was higher than in the other groups, while the total tract apparent digestibility of crude protein,
ether extract, neutral detergent fibre and acid detergent fibre were lower than in the control group (P<0.05),
and the relative weights of the stomach, small intestine and caecum content in the 15% substitution group
were higher than those in the control group (P<0.05). In addition, the thickness of the muscle layer in the
15% substitution group was higher than that in the other groups (P<0.05). Moreover, pH and total volatile
fatty acids concentration in the caecal content were similar among the 4 groups (P>0.05). The current work
shows that fermented ginger straw could be used as roughage material in fattening rabbit production up to
a dietary dose of 10%.

Key Words: fermented ginger straw, rabbits, growth performance, gastrointestinal tract development,
caecal fermentation.

INTRODUCTION

Rabbits are small monogastric herbivorous animals and fibre is one of the main constituents of diets for intensively
reared rabbits, as the digestive physiology of the rabbit is well adapted to high intake of plant cell walls (De Blas
et al, 1999; Gidenne, 2003; Chen et al., 2019). Peanut straw is widely used in rabbit production in China, and
many studies have reported that its use as roughage raw materials in rabbit diets has no adverse effects on growth
performance (Li ef al., 2014; Liu et al., 2020); moreover, the proper level (15~30%) of peanut straw in the diet could
improve the total tract apparent digestibility (TTAD) of nutrients, affect the balance of caecum microbiota and change
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the proportions of some bacteria with important metabolic functions (Ma et al., 2010; Wu and Guo, 2019). However,
there has been a serious shortage of peanut straw in recent years. Therefore, it is important to develop and utilise
unconventional feed resources for rabbits according to local conditions. Ginger (Zingiber officinale) is one such herb
that belongs to the family Zingiberaceae. Research on ginger in recent years has mainly focused on its underground
tubers, but there were few reports on above-ground ginger straw with a high fibre content. The annual output of
ginger straw in China is nearly 10 million tons. In the main ginger-producing areas, the abandonment and burning
of ginger straw is becoming increasingly serious, which brings about a series of environmental problems (Gao et al.,
2019). However, the high insoluble fibre (cellulose, hemicellulose and lignin) content (neutral detergent fibre, NDF
47~52%; acid detergent fibre, ADF 28~44%) makes ginger straw hardly digestible by animals (Liu et al., 2021).
Fermented feed refers to the fermentation of certain feed materials with beneficial microbial agents to feed animals
and it can improve the quality of roughage and animal digestibility (Zhang et al., 2018). Recently, fermented feed has
attracted increasing attention because of its multiple benefits. However, no works have been conducted on the use
of fermented ginger straw as a substitute for peanut straw powder in fattening rabbit feed. We therefore evaluated
the use of fermented ginger straw in the diets of fattening rabbits by examining its effect on production performance,
gastrointestinal tract development and caecal fermentation activity.

MATERIALS AND METHODS

Production of fermented ginger straw

After crushing the ginger straw, wheat bran was used to adjust the moisture content of the fermentation material to
approximately 50%. Straw Starter (Ecobec Biotechnology Co., Ltd, China), a special fermentation bacteria preparation
with Enterococcus faecalis (>1.0x10° colony forming units per gram, CFU/g), Bacillus subtilis (>1.0x10'° CFU/g) and
starch and 200 g Straw Starter was turned into 20 kg of clean water with 2 kg of brown sugar and added to straw.
The bacteria could be activated successfully after 4-8 h at 30°C. The activated bacterial liquid was fermented in the
appropriate proportion with 1000 kg ginger straw (fresh weight) in plastic bags lined with wool bags and used after
compaction and anaerobic fermentation for 5 wk. The nutrient composition of fermented ginger straw is shown in
Table 1.

Experimental design

All animal experiments were conducted in strict accordance with the guidelines of Shandong Academy of Agricultural
Sciences (SAAS-2020-06) and performed according to the recommendations proposed by Directive 2010/63/EU
(EU, 2010). A total of 160 45-day-old fattening Laiwu black rabbits (80 males and 80 females) with body weight of
1202.3+25.9 g were randomly divided into 4 groups with 5 replicates in each group, and each replicate contained
8 rabbits (4 males and 4 females). The rabbits in the 4 groups were fed 0% (Control), 5, 10 or 15% fermented ginger
straw (air-dried basis) as a replacement for peanut straw powder in their diets. The experimental diets are shown in
Table 2 and were formulated according to the nutritional needs of fattening rabbits from De Blas and Wiseman (2020).
The four experimental diets were fully mixed, pelleted and stored in a dark and dry place.

Experimental procedures

After the end of the 7-day pre-feeding period, the 43-day formal trial was started. Two experimental rabbits of the
same gender were housed in cages (120x60x40 cm) and had ad /ibitum access to food and water. The rabbits

Table 1: Nutrient composition of fermented ginger straw and peanut straw powder (air-dry basis) %.

Raw material type GE (MJ/kg) DM CP EE NDF  ADF  ADL  Ash Ca P
Fermented ginger straw 1563  90.30 7.44 440 5040 40.60 6.20 2130 1.03 0.21

Peanut straw powder 1515 8924 1450 160 4200 2830 11.00 16.80 1.64 0.16
GE: gross energy; DM: dry matter; CP: crude protein; EE: ether extract; NDF: neutral detergent fibre; ADF: acid detergent fibre; ADL:
acid detergent lignin.
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Table 2: Composition and nutrient levels of experimental diets (air-dry basis) %.
Proportion of fermented ginger straw in diet (%)

ltems 0 (Control) 5 10 15
Raw material composition

Comn 15.0 15.0 15.0 15.0
Soybean meal 10.0 10.0 10.0 10.0
Wheat bran 20.0 20.0 20.0 20.0
Corn germ meal 15.0 15.0 15.0 15.0
Rice hull powder 7.0 7.0 7.0 7.0
Peanut straw powder 30.0 25.0 20.0 15.0
Fermented ginger straw 0.0 5.0 10.0 15.0
Premix? 3.0 3.0 3.0 3.0
Total 100.0 100.0 100.0 100.0
Nutrient levels®

GE (MJ/kg) 16.20 16.25 16.24 16.29
DM 92.38 91.88 92.32 91.56
CP 16.70 16.20 15.95 15.60
EE 2.40 2.51 2.63 2.72
NDF 40.44 41.85 42.23 42.62
ADF 20.35 21.11 21.70 22.35
ADL 5.45 515 4.89 4.62
Ash 11.00 11.23 11.39 11.58
Ca 1.54 1.53 1.49 1.47
P 0.61 0.62 0.63 0.62

GE: gross energy; DM: dry matter; CP: crude protein; EE: ether extract; NDF: neutral detergent fibre; ADF: acid detergent fibre;
ADL: acid detergent lignin.

“Premix provided the following per kg of diets: vitamin A 10000 IU, vitamin D, 2000 IU, vitamin E 50 mg, vitamin K, 2.5 mg, thiamine
5 mg, riboflavin 10 mg, nicotinic acid 20 mg, pantothenic acid 50 mg, folic acid 2.5 mg, vitamin B,, 1 mg, choling chloride 400 mg,
Fe 100 mg, Zn 50 mg, Cu 40 mg, Mn 30 mg, 1 0.5 mg, Se 0.05 mg, CaHPO, 15g, NaCl 5g, Lysine 1.5 g, Methionine 1.5 g; the
rest is miscellaneous meal carrier complement.

®Nutrient levels were measured values.

were housed in bicellular cages and in each replicate the 4 cages are side by side. During the experimental period,
the rabbits were housed in a controlled closed building and the temperature was controlled between 18 and 25°C.

The weights of the fattening rabbits in each replicate were measured at the beginning and end of the trial and the
average daily gain (ADG) was calculated from 52 to 95 d of age. The average daily feed intake (ADFI) was calculated
according to total feed intake divided by the total number of experimental days in each replicate. The feed conversion
ratio (FCR) was then calculated as the feed intake/weight gain. The ADG, ADFI and FCR calculations did not include
the 7-d adaptation period.

The TTAD of dry matter (DM), gross energy (GE), crude protein (CP), ether extract (EE), NDF and ADF in the diets was
measured in an in vivo digestibility assay carried out with 40 rabbits: 10 rabbits from each diet (5 replicates per diet
and 2 rabbits with 1 male and 1 female per replicate) chosen individually as representatives of the live weight, mean
and variability within the groups. The feed intake (ad /ibitum access) and total faecal output (caecotrophy was not
prevented) were recorded for each rabbit housed in individual metabolic cages over a 4-d period from 91 to 95 d of
age after a 3-d period of adaptation to the metabolism cages.

At the age of 95 d (the end of the experiment), the 40 rabbits for the digestion test were weighed and their slaughter
weight (SW) and body length (BL) were measured before slaughtering. After bleeding, the pelts, stomachs, small
intestines and caeca were removed immediately and weighed before and after emptying their contents. The pH value
in each caecum was immediately measured. A sample of caecal contents was collected using a 4 mL cryopreservation
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tube (Corning, USA) frozen in liquid nitrogen and stored at —80°C until analysis for caecal fermentation. Additionally,
the lengths of the small intestines were measured with a measuring tape.

Measurements and analysis

Determination of nutritional components

The DM (934.01), CP (954.01), EE (920.39) and ash (942.05) contents in the diets and faeces were determined
according to Association of Official Analytical Chemists (AOAC) International (2005) procedures. A Kjeldahl nitrogen
analyser (Haineng, K9840, China) and a crude fat analyser (Xinjia, SZF-06A, China) were used to determine the CP
content (6.25xN) and EE, respectively. The gross energy levels of the fermented ginger straw, peanut straw powder,
diets and faeces were measured with an automatic oxygen bomb calorimeter (PARR 6300, NO. 4925315, USA).
Analysis of fibre components was performed according to Van Soest et al. (1991). The calcium and phosphorus
contents were determined by inductively coupled plasma atomic emission spectrometry (ICP-EMS; Optima 8000,
Perkin Elmer, USA).

Morphological structure of the small intestine

Two-centimetre segments of the jejunum were cut and immediately fixed in 4% paraformaldehyde fix solution
(Sangon Biotechnology, E672002, China). The samples were then dehydrated in a graded alcohol series (Aladdin,
CAS No. 64-17-5, China), cleared with xylene (Aladdin, CAS No. 1330-20-7, China) and embedded in paraffin. The
serial microtome sections (6 pm thick) were stained with haematoxylin-eosin (HE, G1120, Solarbio, China). The villus
height, crypt depth, villus width, mucosal layer thickness and muscle layer thickness of 10 slices of each tissue
sample were measured at 40x magnification under a light microscope (Nikon, Eclipse Gi-L, Japan) and the ratio of
villus height/crypt depth was calculated.

Caecal fermentation

The pH value of the caecal content was determined from each rabbit using a portable pH meter (Electric ant, pH-10 No.
6971473048889, China) within 45 min after slaughter. The ammonia nitrogen concentration was measured using a
spectrophotometer according to Weatherburn (1967). The volatile fatty acid (VFA) concentration in the caecal content
was measured by 7890-5977 gas chromatography-mass spectrometry (GC-MS; Agilent Technologies Inc. CA, UAS)
detection. The chromatographic system adopted the Agilent Meteorological Chromatographic System (Agilent 7890,
Agilent Technologies, USA), according to the properties of the compound. An HP-5 (30 mx0.25 mmx0.25 mm)
gas chromatography column was used, the injection volume was 1 L, the split ratio was 10:1, the carrier gas was
high-purity helium and the flow rate was 1.0 mL/min. The initial temperature of the oven was 70°C for 5.0 min, and
the temperature increased to 100°C at a rate of 6°C/min. The mass spectrometry system was a quadruple mass
spectrometry detection system (Agilent 5977; Agilent Technologies, USA) equipped with an electron bombardment ion
source (El) and Mass Hunter Workstation, and the analytes were detected in selective ion test mode. The optimised
conditions for mass spectrometry analysis were as follows: the inlet temperature was 260°C and the fourth stage
temperature was 150°C.

Statistical analysis

Data on the growth performance (n=5 per treatment with 30 rabbits, 3 males and 3 females in per replicate),
TTAD of the nutrients, gastrointestinal tract development, morphological structure of the small intestine and caecal
fermentation (n=5 per treatment with 10 rabbits, 1 male and 1 female per replicate) were analysed. General linear
models (GLMs) in SAS 9.1.3 statistical software (SAS Inst, Inc., Cary, NC, USA) were used to analyse the variance
of the data and Duncan’s test was used for multiple comparisons. The orthogonal polynomial contrast test was
performed to determine the linear and quadratic effects of the inclusion level of fermented ginger straw in diets.
The results are expressed as the mean and root mean square error (RMSE) and P<0.05 was the significance level.
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RESULTS AND DISCUSSION

Health conditions and growth performance

There was no rabbit weight loss, illness or death during the experiment. Different dietary supplementations with
fermented ginger straw had linear or quadratic effects on the ADFI, ADG and FBW of fattening rabbits (P<0.05); the
ADG values in the experimental groups were higher than in the control group, and the ADFI in the highest ginger straw
group (15% group) was greater than in the other groups (P<0.05). There were no linear or quadratic effects on the
FCR due to fermented ginger straw inclusion in the diets of fattening rabbits (P>0.05; Table 3).

During fermentation, antinutritional substances undergo reduction, leading to an increase in the level of lactic acid,
which exerts a beneficial effect by stimulating the immune system to maintain animal health (Bo'zena et al., 2021). In
previous research, the addition of fermented rapeseed meal to the diet of rabbits was shown to have a beneficial effect
on their intestinal microbiota and health status (Wlazto et al., 2021). The effects of dietary fibre on rabbit performance
are largely dependent on the different hemicellulose constituents, cell wall complexity and highly variable lignification
and particle size (Gidenne, 1992; Carabafio et al., 2001; Garcia et al., 2002b; Romero et al., 2011). Fermentation
can change fibre structure and improve the nutritional value of plant materials (Shi et al., 2017). Current research
shows that the main constituent of fermented ginger straw is fibre (NDF>50%), and the ADF was higher than that of
peanut straw powder (40.60 vs. 28.30%; Table 1). Many studies have reported that fermented feed contributes to
improving feed intake, nutrient utilisation and gut health (Mukherjee et al., 2016; Wang et al., 2018a, 2018b). Dietary
energy level is one of the important factors that had a close relationship with animal feed intakes (Panda et al., 2006;
Wu et al., 2017). In this study, the higher feed intake in the 15% ginger straw group was due to the increased fibre
content of the fermented ginger straw and the lower DP/DE ratio in the diets (13.97 vs. 12.70 g/MJ in the control and
15% groups, respectively; Table 4).

TTAD of nutrients in the experimental diets

The TTAD of CP, EE, NDF and ADF of fattening rabbits were linearly and quadratically affected by different amounts of
fermented ginger straw in diets (P<0.05). The TTAD values for GP, EE, NDF and ADF in the higher replacement group
(15% group) were lower than those of the control group (P<0.05). However, the TTAD of the DM and GE of rabbits
was not linearly or quadratically affected by dietary fermented ginger straw (P>0.05; Table 4).

Fibre plays an important role in the regulation of intestinal transit, gut flora and intestinal mucosal integrity in rabbits
(Romero et al., 2011). Several studies have reported that the TTAD of energy, organic matter, DM, CP, EE, NDF and ADF
is affected by different sources of fibre (De Blas et al., 1999; Fortun-Lamothe and Boullier, 2007). With a decreasing
fibre level in the diet, the improvements in the TTAD of nutrients and the nutritive value were confirmed (Gidenne and
Bellier, 2000; Xiccato et al., 2002). Fermentation can change fibre structure and improve the quality of roughage and
animal digestibility (Zhang et al., 2018). Current research shows that a higher content of fermented ginger straw in the

Table 3: Effects of dietary inclusion of fermented ginger straw on growth performance of fattening rabbits.

Proportion of fermented ginger straw in diet (%) P-value
[tems 0 (Control) 5 10 15 RMSE  Treatment Linear  Quadratic
IBW' (g) 141950 1459.75 1465.75 1483.25  45.055 0.190
FBW? (g) 2534758 2629.50° 2644.00° 2666.00°  70.442 0.045 0.007 0.013
ADG® (g/d) 25.942 27.20° 27.40° 27.50° 1.328 0.045 0.057 0.009
ADFP (g/d) 104.04®  103.09° 106.59°  111.23° 2.034 <0.001 <0.001 <0.001
FCR® 4.02 3.81 3.90 4.05 0.229 0.355 0.773 0.948

IBW: initial body weight; FBW: final body weight; ADFI: average daily feed intake; ADG: average daily gain; FCR: feed conversion
ratio.

52 d of age, n=>5 per treatment with 40 rabbits, 4 males and 4 females in per replicate.

295 d of age, n=5 per treatment with 30 rabbits, 3 males and 3 females in per replicate.

352 t0 95d of age, n=>5 per treatment with 30 rabbits, 3 males and 3 females in per replicate. Data were expressed as mean and
root mean square error (RMSE), and different letters in the same row denote significant effect (P<0.05).
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Table 4: Effects of dietary inclusion of fermented ginger straw on total tract apparent digestibility of nutrients in
fattening rabbits.

Proportion of fermented ginger straw in diet (%) P-value
ltems 0 (Control) 5 10 15 RMSE Treatment Linear  Quadratic
Total tract apparent digestibility
GE 55.80 55.40 5560 5520 1.897 0.891 0.431 0.236
DM 54.00 5420 53.00 53.80 1.061 0.766 0.597 0.438
CP 75.60° 7440 7420® 73200 1.275 0.021 0.003 0.003
EE 87.00° 85.40® 84.20*° 83.40° 1.605 0.015 0.003 0.006
NDF 28.45 27.40° 26.53" 23.40° 1476 <0.001 <0.001 <0.001
ADF 18.04° 1619 16.87® 15.27¢ 0.878 0.001  0.001 0.004
Diet nutritive values (air-dry basis)
DE (MJ/kg) 9.04 9.03 9.03 8.99
DP (g/kg) 126.25 12053 11835 114.19
DP to DE ratio (g/MJ) 13.97 1335 1311 12.70

GE: gross energy; DM: dry matter; CP: crude protein; EE: ether extract; NDF: neutral detergent fibre; ADF: acid detergent fibre;
DE: digestible energy; DP: digestible protein.

'91 to 95d of age, n=5 per treatment with 10 rabbits, 1 males and 1 females in per replicate. Data were expressed as mean and
root mean square error (RMSE), and different letters in the same row denote significant effect (P<0.05).

diet impairs the digestibility of CP, EE, NDF and ADF. This might be due to the higher ADF content in diets with increasing
fermented ginger straw dose, and the high ADF content causes ginger straw to be poorly digested by rabbits (203.5,
211.1,217.0 and 223.5 g ADF/kg in the 0%, 5%, 10% and 15% groups, respectively; Table 2).

Gastrointestinal tract development

Different amounts of fermented ginger straw linear or quadratic affected the relative weights of the stomach, small
intestine and caecal contents (P<0.05), with the 15% substitution group showing higher contents than in the control
group (P<0.05). In our study, different amounts of fermented ginger straw replacing peanut straw had no linear or
quadratic effects on the relative weights of the stomach, small intestine and caecum or the relative length of the small
intestine (P>0.05; Table 5).

Table 5: Effects of dietary inclusion of fermented ginger straw on gastrointestinal tract development of fattening
rabbits.’

Proportion of fermented ginger

straw in diet (%) P-value
0
ltems (Control) 5 10 15 RMSE Treatment Linear Quadratic
Stomach relative weight (g/kg SW) 1247 1177 1180 11.48 0879 0358 0.046 0.143
Stomach relative content weight 30.65° 36.73° 36.82¢ 53.36" 4.918 <0.001 <0.001 <0.001

(9/kg SW)
Small intestine relative weight (g/kg SW) 23.48 23.92 2410 24.87 2209 0.794 0392 0.677
Small intestine content relative weight 10.27¢ 11.92® 10.35* 14.56° 2.305 0.031 0.068 0.064

(9/kg SW)
Small intestine relative length (BL) 668 713 692 758 0557 0111 0.061 0.182
Caecum relative weight (g/kg SW) 2591 2533 2617 2474 1865 0636 0595 0.471
Caecum content relative weight 46.77¢ 49.22® 50.42® 53.09° 4.345 0.042 0.036 0.639
(g/kg SW)

SW, slaughter weight; BL, body length.
'At the end of the trial (95d of age), n=5 per treatment with 10 rabbits, 1 males and 1 females in per replicate. Data were expressed
as mean and root mean square error (RMSE), and different letters in the same row denote significant effect (P<0.05).
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According to Nath et al. (2016), knowledge of the biometry of the gastrointestinal tract is essential for management
and treatment of digestive problems in New Zealand White rabbits. The fibre source in rabbit feed has important
roles in the regulation of intestinal transit, gut flora, intestinal mucosa integrity and digestibility (De Blas et al.,
1999; Fortun-Lamothe and Boullier, 2007). There was a linear relationship between the retention time and NDF
content in the diet (Fraga et al., 1991). Different levels and types of dietary fibre play important roles in controlling
gastrointestinal tract development and digestive content (Marglienda et al., 2012). Generally, dietary fibre fractions
change the rate of passage and mucosal functionality, and due to influence on caecal microbiota determine the
performance and digestive health of animals (Gidenne, 2015). Furthermore, dietary fibre levels could affect the feed
intake and retention time of the caecal contents, while a high-fibre diet can significantly increase the length of the
gastrointestinal tract (De Blas et al., 1999; Garcia et al., 1999; Garcia ef al., 2002b). The increase in passage rate
results in greater emptying of the caecum and stimulates higher feed intake (Vazquez et al., 2018). In our study,
the relative weight of the caecal content in the group fed 15% fermented ginger straw was the highest, which is
consistent with the report that the caecal content weight was closely related to the ADFI (Liu et al., 2018), and the
ADFI level in the 15% group was higher than that in the other groups (104.04, 103.09, 106.59 vs. 111.23 g in the
0, 5, 10 and 15% groups, respectively; Table 3).

Histological evaluation of the small intestine

Fermented ginger straw replacing peanut straw in the rabbit diet had no linear or quadratic significant effect on the
villus height, crypt depth, villus height/crypt depth ratio, villus width or mucosal layer thickness of fattening rabbits
(P>0.05). However, the thickness of the muscle layer in the 15% substitution group was higher than in the other
groups (P<0.05; Table 6).

The small intestine is the part of the digestive tract where most nutrient absorption occurs in rabbits. The level and
type of dietary fibre can affect the morphological structure of the small intestine (Chiou et al., 1994; Yu and Chiou,
1996; Romero ef al., 2011). The villus height and muscle layer thickness of the jejunum and colon and the crypt
depth of the duodenum and ileum in domestic rabbits were affected by different fibre components in their diet (Chiou
et al., 1994). It has been reported that slight changes in jejunal villi were observed when growing rabbits were fed
different levels of crude fibre (from 55 to 145 g/kg; Yu and Chiou, 1996). However, a high digestible fibre/starch ratio
showed no differences in the villi length or crypt depth (Xiccato et al., 2008). In the present study, the thickness of the
muscle layer in the 15% substitution group was higher than that in the other groups, which may be due to the high
level of dietary fibre supplied to this group compared with that in the other groups.

Caecal fermentation

The pH, ammoniacal nitrogen and total VFA concentration in the caecal content were similar among the 4 groups
(P>0.05). In the 15% substitution group, the acetic acid concentration and acetic acid/(propionic acid+butyric acid)
ratio were higher than those in the other groups (P<0.05). In addition, the propionic acid concentration in this same
group was lower than that of the other groups (P<0.05). The butyric acid concentration was lower in the higher

Table 6: Effects of dietary inclusion of fermented ginger straw on morphological structure of small intestine of
fattening rabbits.!

Proportion of fermented ginger straw in diet (%) P-value
ltems 0 (Control) 5 10 15 RMSE  Treatment Linear Quadratic
Villus height (um) 919.28 76554 90570 786.98 200.804 0.520 0.339 0.529
Crypt depth (um) 123.01 15241 13222 13422 23.659 0.293 0906 0.928
Villus height/ Crypt depth 7.47 5.14 7.15 6.26 2183 0361 0.583 0.490
Villus width (um) 146.38  183.21 138.83 123.05 31.888 0.054 0.088 0.051

Mucosal layer thickness (um) 1065.81  900.28 1074.93 1007.53 214.989 0.567 0.652 0.781
Muscle layer thickness (um) ~ 94.44®  107.48* 113.61¢ 127.08° 26.809 0.015 0.027 0.234

'At the end of the trial (95d of age), n=5 per treatment with 10 rabbits, 1 males and 1 females in per replicate; Data were expressed
as mean and root mean square error (RMSE), and different letters in the same row denote significant effect (P<0.05).
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Table 7: Effects of dietary inclusion of fermented ginger straw on caecal fermentation of fattening rabbits (mg/g
caecal contents).!

Proportion of fermented ginger straw

in diet (%) P-value
ltems 0 (Control) 5 10 15 RMSE Treatment Linear Quadratic
pH value 7.20 6.87 710 6.89 0310 0293 0117  0.050
Ammoniacal nitrogen 12.61  14.09 1359 13.68 2.208 0.750 0.893  0.747
Total volatile fatty acid (VFA) 52.03 5242 4557 5192 6.176 0509 0569  0.854
Acetic acid 31.86° 30.44* 29.75° 39.80° 5.635 0.044 0.032 0.145
Propionic acid 5.27¢ 467" 443> 3.91¢ 0.344 <0.001 <0.001 <0.001
Butyric acid 12.72> 1329" 856* 597 2118 <0.001 <0.001 <0.001

Acetic acid/(Propionic acid+ Butyric acid) ~ 1.78*  1.73* 2358 412> 0520 <0.001 <0.001 <0.001

' At the end of the trial (95 days of age), n=5 per treatment with 10 rabbits, 1 male and 1 female per replicate. Data were expressed
as mean and root mean square error (RMSE), and different letters in the same row denote significant effect (P<0.05).

substitution groups (10 and 15% groups) than in the lower substitution group (5% group) and the control group
(P<0.05; Table 7).

Fermented feed, owing to its nutritional value and health-promoting properties, can beneficially affect production
parameters, nutrient digestibility, gut microbiota and metabolic processes (Grela et al., 2019). Intake of rapidly
fermenting fibre has a beneficial effect on the activity and concentration of volatile fatty acids in the caecum and
improves the functioning of the intestinal mucosa and the structure of the microbiota (Wlazto et al., 2021). In addition,
ammoniacal nitrogen is an end product of protein fermentation, but it is used for bacteria, in combination with carbon
chains produced from carbohydrates fermentation to synthesise new amino acids for bacterial growth (Bovera et al.,
2010). In the present trial, it is important to note that the ammonia level in the caecal content of the 4 different groups
falls within the normal range indicated for rabbits fed balanced diets. The pH and VFA in the caecal contents are
influenced by the nature of the fibre ingested, and they can be taken as indicators of fermentative activity (Carabafio
et al., 2009; Shang et al., 2017). VFAs play an important role in the aetiology of digestive disturbances (Abu Hafsa
etal., 2021), and their levels are lower with high lignin fibre contents and higher with high pectin fibre contents (Garcia
et al., 2000; Garcia et al., 2002a), with the latter also having a tendency to decrease the pH of the caecal contents
(Garcia et al., 2002b). In addition, VFA concentrations in the caecum increased when rabbits were fed a high-fibre
diet (Liu et al., 2018). It has been reported that the acetate content increased and butyrate content decreased with
increasing NDF levels in the diet, whereas propionate was positively correlated with the dietary content of uronic acids
(Garcia et al., 2002b). The higher production of acetic acid with fermented ginger straw in diets indicates a more
intense fermentation of structural carbohydrates (Bovera et al., 2010). It is reported that acetic acid production is from
the fermentation of cellulolytic bacteria, while butyrate acid and propionic acid are from fermentation of non-structural
carbohydrates (Bovera et al., 2012). In this study, we found that there were no effects on the caecal pH and total VFA
contents in fattening rabbits fed different amounts of fermented ginger straw as a replacement for peanut straw, but
the composition of VFAs (acetic acid, propionic acid and butyric acid concentrations and acetic acid/(propionic acid+
butyric acid) ratio) changed, which was caused by the differences in fibre components between the fermented ginger
straw and peanut straw, especially ADF differences (40.60 vs. 28.30%, Table 1).

CONCLUSIONS

The use of 10% fermented ginger straw (air-dried basis) as a substitute for peanut straw powder in the diet (DE
9.03 MJ/kg, DP 118.35 g/kg, DP to DE ratio 13.11 g/MJ) of fattening rabbits had no adverse effects on production
performance. Up to a dietary dose of 100 g/kg, fermented ginger straw could be considered a raw roughage material
for fattening rabbits despite its high ADF content, which leads to a higher feed intake when the usage of fermented
ginger straw is too high.
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