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Abstract
This study aimed to compare and evaluate the nutritional value of vinegar
residue and fermented vinegar residue in laying hens. Fifty-six 47-week-old Hy-
Line Brown laying hens were randomly allocated into 7 groups with 8 replicates
per group and 1 hen per replicate. Group 1 (control) was fed a corn-soybean
meal basal diet, groups 2–4 were fed experimental diets in which vinegar residue
substituted 10%, 15%, and 20% of the basal diet, respectively, and groups 5–
7 were fed experimental diets in which fermented vinegar residue substituted
10%, 15%, and 20% of the basal diet, respectively. Following a 5-day pre-
liminary feeding period, a 6-day metabolic trial was conducted. The results
demonstrated that the gross energy and apparent metabolic rate of dry matter
in the diets decreased with increasing substitution levels of vinegar residue or
fermented vinegar residue, with significant differences among groups (P<0.05).
Compared with the control group, all substitution levels of vinegar residue or
fermented vinegar residue significantly reduced the apparent metabolizable en-
ergy and apparent metabolic rate of crude protein (P<0.05), while significantly
increasing the apparent metabolic rate of crude fiber (P<0.05). When the sub-
stitution method was employed to determine the available nutrient content of
vinegar residue and fermented vinegar residue, no significant difference was
found between them (P>0.05); however, fermented vinegar residue exhibited
an improving trend in available nutrient content, suggesting that mixed-culture
fermentation of vinegar residue could enhance its nutrient utilization in laying
hens. When evaluating the nutritional value of vinegar residue and fermented
vinegar residue in laying hens using the substitution method, a substitution
level of 20% is recommended.
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Abstract
This study aimed to compare and evaluate the nutritional value of vinegar
residue (VR) and fermented vinegar residue (FVR) for laying hens. Fifty-six
47-week-old Hy-Line Brown laying hens were randomly allocated to 7 groups
with 8 replicates per group and 1 hen per replicate. Hens in group 1 (control)
were fed a corn-soybean meal basal diet, those in groups 2–4 were fed experi-
mental diets with 10%, 15%, and 20% VR substitution for the basal diet, respec-
tively, and those in groups 5–7 were fed experimental diets with 10%, 15%, and
20% FVR substitution, respectively. After a 5-day pre-feeding period, a 6-day
metabolic trial was conducted. The results showed that the apparent metabolic
rates of total energy and dry matter in diets decreased with increasing VR or
FVR substitution ratios, with significant differences among all groups (P<0.05).
Compared with the control group, different VR or FVR substitution ratios sig-
nificantly reduced the apparent metabolic energy and crude protein apparent
metabolic rate of diets (P<0.05), while significantly increasing the crude fiber
apparent metabolic rate (P<0.05). Using the substitution method to determine
the available nutrient contents of VR and FVR, no significant differences were
found between them (P>0.05), but FVR showed an improving trend in available
nutrient contents, indicating that mixed-strain fermentation of VR can improve
its nutrient utilization in laying hens. When evaluating the nutritional value
of VR and FVR for laying hens using the substitution method, a substitution
ratio of 20% is recommended.

Key words: vinegar residue; fermented vinegar residue; laying hens; nutri-
tional value
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With the continuous development of the livestock industry, feed resource
scarcity has become a major bottleneck restricting the stable and sustainable
development of animal husbandry in China, making the exploitation and
utilization of unconventional feed resources increasingly important. Vinegar
residue is a solid waste obtained from the solid-state fermentation process of
vinegar production using starchy raw materials as the main ingredient[1-2].
China is a major vinegar-producing country, with vinegar output reaching
4 million tons in 2015[3]. Based on the calculation that producing 1 ton of
standard solid-state fermented secondary vinegar generates 0.8 tons of vinegar
residue[4], fresh vinegar residue production in China reached 3.2 million tons in
2015. As a grain by-product, vinegar residue is an important unconventional
feed raw material in China. Currently, only a small portion of vinegar residue
is used in livestock and poultry diets with low utilization efficiency, while
most of it remains underutilized, resulting in not only resource waste but also
environmental pollution. Therefore, the development and utilization of vinegar
residue are of great significance.

1.1 Materials
Vinegar residue was collected from Shanxi Donghu Vinegar Industry Co.,
Ltd. (black vinegar residue). Fermented vinegar residue was produced by solid-
state fermentation of the black vinegar residue for 5 days using Phanerochaete
chrysosporium ACCC30414, Trichoderma koningii CGMCC3.2878, Aspergillus
niger ACCC30557, and Aspergillus ficuum NTG-234 according to the optimized
process parameters of our laboratory[13]. The nutrient composition of vinegar
residue and fermented vinegar residue is shown in Table 1 .

1.2 Experimental Design and Management
This experiment used the substitution method to determine the apparent
metabolic rate and apparent metabolic energy of nutrients in vinegar residue
and fermented vinegar residue. Fifty-six 47-week-old Hy-Line Brown laying
hens with similar body weight and normal feed intake and egg production were
randomly divided into 7 groups, with 8 replicates per group and 1 hen per
replicate. Group 1 (control group) was fed a corn-soybean meal basal diet,
groups 2–4 were fed experimental diets with 10%, 15%, and 20% substitution
of the basal diet with vinegar residue, respectively, and groups 5–7 were fed
experimental diets with 10%, 15%, and 20% substitution of the basal diet
with fermented vinegar residue, respectively. The pre-test period lasted 5
days, and the formal test period lasted 6 days. At 19:00 on the last day of
the pre-test period, feed was withdrawn, and the hens were immediately fed
the corresponding experimental diets, and new excreta trays were installed to
collect excreta.

The feeding trial was conducted at the Changping Base of the Institute of Ani-
mal Science, Chinese Academy of Agricultural Sciences. The experimental hens
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were individually weighed at the beginning and end of the trial. The hens had
free access to feed and water, with a lighting schedule of 16 h per day using nat-
ural light supplemented with artificial lighting. Feed was provided three times
daily, with fresh feed weighed by replicate [120 g/(d・hen)], each replicate having
one feed bucket marked with group and replicate numbers. Daily temperature
and humidity in the hen house were recorded, and the health status of the hens
was observed.

1.3 Experimental Diets
A corn-soybean meal basal diet was formulated according to the nutrient re-
quirements for laying hens recommended by NRC (1994) to produce powdered
compound feed. The composition and nutrient levels of the basal diet are shown
in Table 2 .

Table 2 Composition and nutrient levels of the basal diet (air-dry
basis) %

Item Content
Ingredients
Corn
Soybean meal
Soybean oil
Limestone
Wheat middlings
CaHPO�
NaCl
Choline chloride
Met
Vitamin premix¹)
Trace mineral premix²)
Total
Nutrient levels³)
GE (MJ/kg)
ME (MJ/kg)
CP
EE
Ash
CF
NDF
ADF

¹) The vitamin premix provided the following per kg of the diet: VA 8,000 IU,
VD� 3,000 IU, VE 15 IU, VK 2 mg, VB� 2 mg, VB� 4 mg, VB� 4 mg, VB�� 0.01
mg, calcium pantothenate 12 mg, nicotinic acid 40 mg, folic acid 1 mg, biotin
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0.1 mg, choline 212.5 mg.
²) The trace mineral premix provided the following per kg of the diet: Mn (as
manganese sulfate) 63.6 mg, Zn (as zinc sulfate) 69 mg, Fe (as ferrous sulfate)
30 mg, Cu (as copper sulfate) 6.25 mg, I (as potassium iodide) 0.4 mg, Se (as
sodium selenite) 0.2 mg.
³) ME was a calculated value, and the others were measured values.

1.4 Sample Collection and Processing
The total excreta collection method was used to collect feces and urine. During
the formal test period, excreta were collected by replicate twice daily at 11:00
and 19:00. During collection, chicken feathers, dander, and feed were removed
from the excreta trays, and the excreta were scraped into self-sealing bags with-
out loss and weighed. Ten milliliters of 10% hydrochloric acid was added per 100
g of excreta to prevent ammonia nitrogen loss[13]. After collection, the 6-day
excreta samples were thoroughly mixed, dried to constant weight in an oven at
65°C, weighed and recorded after equilibrating at room temperature for 24 h,
and stored for analysis.

1.5.1 Nutrient Composition of Diets and Feces
The contents of total energy, dry matter, crude protein, crude fat, crude ash,
crude fiber, acid detergent fiber, and neutral detergent fiber in diets and feces
of each group were determined. Total energy was determined according to ISO
9831:1998; dry matter according to GB/T 6435-2014; crude protein according to
GB/T 6432-1994; crude fat according to GB/T 6433-2006; crude ash according
to GB/T 6438-2007; crude fiber according to GB/T 6434-2006; acid detergent
fiber according to NY/T 1459-2007; and neutral detergent fiber according to
GB/T 20806-2006.

1.5.2 Apparent Metabolic Rate of Target Nutrients in
Diets, Apparent Metabolic Energy, and Available Nutrient
Contents of Vinegar Residue and Fermented Vinegar
Residue[1]
The apparent metabolic rate of a nutrient in the diet was calculated using the
total collection method according to the following formula:
Apparent metabolic rate of a nutrient (%) = [(nutrient intake - nutrient in feces)
/ nutrient intake] × 100.

The apparent metabolic rate of a nutrient in vinegar residue or fermented vine-
gar residue was calculated using the substitution method according to the fol-
lowing formula:
D = [(A - B) / F] + B.
Where: D is the apparent metabolic rate of a nutrient in vinegar residue or
fermented vinegar residue (%); A is the apparent metabolic rate of a nutrient in
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the experimental diet (%); B is the apparent metabolic rate of a nutrient in the
basal diet (%); F is the proportion of the same nutrient from vinegar residue or
fermented vinegar residue in the experimental diet (%).

The apparent metabolic energy of diets, vinegar residue, and fermented vinegar
residue was calculated as follows:
Apparent metabolic energy = total energy × apparent metabolic rate of energy.

The available nutrient content in vinegar residue and fermented vinegar residue
was calculated as follows:
Available nutrient content in vinegar residue or fermented vinegar residue =
nutrient content in vinegar residue or fermented vinegar residue × apparent
metabolic rate of the nutrient in vinegar residue or fermented vinegar residue.

1.6 Statistical Analysis
Data were analyzed using SAS 9.3 statistical software for one-way ANOVA
and independent samples t-test, with P<0.05 as the criterion for significant
difference.

2.1 Nutrient Composition of Diets and Feces
The nutrient composition of diets and feces is shown in Tables 3 and 4.

Table 3 Nutrient composition of diets (air-dry basis)

Item
Group
1

Group
2

Group
3

Group
4

Group
5

Group
6

Group
7

GE
(MJ/kg)
DM
CP
EE
Ash
CF
NDF
ADF

Table 4 Nutrient composition of feces (air-dry basis)

Item
Group
1

Group
2

Group
3

Group
4

Group
5

Group
6

Group
7

GE
(MJ/kg)

13.25±0.4314.45±0.5115.43±0.3415.23±0.4015.00±0.3415.69±0.2016.13±0.17

DM 95.37±0.8794.83±0.1995.03±0.1995.04±0.3194.86±0.3596.94±0.2396.78±0.28
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Item
Group
1

Group
2

Group
3

Group
4

Group
5

Group
6

Group
7

CP 36.77±1.5029.67±1.0527.59±0.8726.33±1.2531.38±1.4329.95±1.0928.35±0.53
EE 3.18±0.38 2.44±0.38 1.51±0.17 1.76±0.18 2.09±0.36 2.74±0.38 2.46±0.24
Ash 24.44±2.1219.58±1.9516.31±1.5617.40±2.1318.11±1.2417.24±0.9915.74±0.99
CF 20.54±2.6024.23±1.4024.56±0.9625.66±0.6022.58±1.1923.70±0.8424.73±2.17
NDF 38.86±4.5543.76±1.6849.66±1.7848.39±2.5543.76±2.0448.26±2.8549.46±2.45
ADF 13.35±2.4323.96±1.1929.35±0.9429.09±3.1226.87±0.9833.02±2.0436.08±1.81

2.2 Effects of Different Vinegar Residue and Fermented
Vinegar Residue Substitution Ratios on Dietary Nutrient
Apparent Metabolic Rates and Apparent Metabolic Energy
As shown in Table 5 , the apparent metabolic rates of total energy and dry
matter in diets decreased with increasing vinegar residue substitution ratio, with
significant differences among all groups (P<0.05). Compared with group 1, the
apparent metabolic energy of diets in groups 2, 3, and 4 was significantly reduced
(P<0.05); compared with group 2, the apparent metabolic energy of diets in
groups 3 and 4 was significantly reduced (P<0.05). Compared with group 1,
the apparent metabolic rates of crude protein and neutral detergent fiber in
groups 2, 3, and 4 were significantly reduced (P<0.05); compared with groups
2 and 3, the apparent metabolic rates of crude protein and neutral detergent
fiber in group 4 were significantly reduced (P<0.05). Compared with group 1,
the apparent metabolic rate of crude fiber in groups 2, 3, and 4 was significantly
increased (P<0.05); compared with group 2, the apparent metabolic rate of
crude fiber in groups 3 and 4 was significantly increased (P<0.05). The apparent
metabolic rates of crude fat and crude ash differed significantly among groups
(P<0.05), but did not change regularly with vinegar residue substitution ratio.
There was no significant difference in apparent metabolic rate of acid detergent
fiber among groups (P>0.05).

As shown in Table 6 , the apparent metabolic rates of total energy and dry
matter and apparent metabolic energy of diets decreased with increasing fer-
mented vinegar residue substitution ratio, with significant differences among all
groups (P<0.05). Compared with group 1, the apparent metabolic rate of crude
protein in groups 5, 6, and 7 was significantly reduced (P<0.05); the apparent
metabolic rate of crude protein in group 7 was significantly lower than that
in group 5 (P<0.05). Compared with groups 1 and 5, the apparent metabolic
rates of crude fat and neutral detergent fiber in groups 6 and 7 were signifi-
cantly reduced (P<0.05). Compared with group 1, the apparent metabolic rate
of crude fiber in groups 5, 6, and 7 was significantly increased (P<0.05); the
apparent metabolic rate of crude fiber in group 7 was significantly higher than
that in groups 5 and 6 (P<0.05). There was no significant difference in apparent
metabolic rates of crude ash and acid detergent fiber among groups (P>0.05).
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Table 5 Effects of different vinegar residue substitution ratios on nu-
trient apparent metabolism rate and apparent metabolism energy of
diets (n=8)

Item Group 1 Group 2 Group 3 Group 4 P-value
GE
(MJ/kg)

80.98±2.11a 71.58±1.45b 67.19±0.75c 63.80±1.34d <0.0001

ME
(MJ/kg)

12.49±0.32a 10.69±0.22b 10.25±0.11c 10.16±0.21c <0.0001

DM 76.27±3.29a 69.06±1.79b 65.74±1.13c 60.04±2.02d <0.0001
CP 50.12±6.60a 43.80±4.21b 43.53±2.74b 36.53±3.87c <0.0001
EE 81.84±3.76b 78.22±4.05c 85.99±1.58a 80.33±2.65bc
Ash 50.69±10.49ab51.54±6.42a 57.93±5.18a 42.47±9.82b
CF 11.38±8.73c 16.17±7.36b 24.09±4.63a 25.88±2.80a
NDF 23.92±10.63a 14.76±4.32b 13.07±3.00b 6.03±5.31c <0.0001
ADF 12.60±10.36 7.47±3.67 5.51±2.93 4.45±3.95

In the same row, values with no letter or the same letter superscripts mean no
significant difference (P ＞ 0.05), while with different small letter superscripts
mean significant difference (P ＜ 0.05). The same as below.

Table 6 Effects of different fermented vinegar residue substitution
ratios on nutrient apparent metabolism rate and apparent metabolism
energy of diets (n=8)

Item Group 1 Group 5 Group 6 Group 7 P-value
GE
(MJ/kg)

80.98±2.11a 71.61±1.17b 67.63±1.00c 63.33±1.18d <0.0001

ME
(MJ/kg)

12.49±0.32a 11.14±0.18b 10.75±0.16c 10.23±0.19d <0.0001

DM 76.27±3.29a 69.00±0.95b 64.79±1.00c 60.74±1.65d <0.0001
CP 50.12±6.60a 44.15±3.13b 40.23±2.38bc 37.03±2.88c <0.0001
EE 81.84±3.76a 83.38±2.97a 76.34±3.61b 76.14±3.07b <0.0001
Ash 50.69±10.49 52.87±3.00 50.83±3.21 44.84±5.47
CF 11.38±8.73c 21.90±3.89b 22.31±5.80b 28.56±6.64a
NDF 23.92±10.63a 21.40±5.25a 9.58±6.30b 13.02±4.86b
ADF 12.60±10.36 11.73±5.03 4.07±2.36 6.85±4.94

2.3 Comparison of Available Nutrient Contents Between
Vinegar Residue and Fermented Vinegar Residue
As shown in Table 7 , there was no significant difference in available nutrient
contents between vinegar residue and fermented vinegar residue (P>0.05), but
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fermented vinegar residue showed an improving trend. Compared with vine-
gar residue, fermented vinegar residue showed increases of 6.16% in apparent
metabolic energy, 21.61% in available dry matter, 56.52% in available protein,
18.45% in available crude fat, 10.97% in available crude ash, 2.06% in available
crude fiber, 49.04% in available neutral detergent fiber, and 115.93% in available
acid detergent fiber.

Table 7 The contents of available nutrients of vinegar residue and
fermented vinegar residue

Item Vinegar residue (n=8) Fermented vinegar residue (n=8) P-value
ME
(MJ/kg)

1.46±0.75 1.55±0.36

DM 5.23±2.12 6.36±3.77
CP 0.92±0.29 1.44±0.84
EE 2.33±1.65 2.76±1.58
Ash 3.19±1.98 3.54±1.43
CF 14.59±3.83 14.89±4.53
NDF 4.71±4.00 7.02±3.52
ADF 2.26±1.42 4.88±2.97

3 Discussion
The substitution method is a classical approach for determining the nutrient
utilization rate of individual feedstuffs. This experiment employed this method
to determine the available nutrient contents of vinegar residue and fermented
vinegar residue, which assumes that the digestibility of nutrients in the basal
diet is additive—that is, the nutrient digestibility of the basal diet and vinegar
residue or fermented vinegar residue remains constant in the experimental diets.
This study used vinegar residue or fermented vinegar residue to replace 10%,
15%, or 20% of the basal diet to determine dietary nutrient apparent metabolic
rates and apparent metabolic energy. The results demonstrated that as the sub-
stitution ratio of vinegar residue or fermented vinegar residue in diets increased,
the apparent metabolic rates of total energy, dry matter, and crude protein,
as well as apparent metabolic energy, decreased. This may be attributed to
the increased crude fiber content in diets with higher substitution ratios, which
reduced digesta retention time in the gastrointestinal tract and accelerated pas-
sage rate, preventing complete digestion and absorption of dietary nutrients and
thereby reducing nutrient utilization[14].

China’s vinegar production continues to increase annually, leading to corre-
sponding increases in vinegar residue output. Vinegar residue is highly acidic,
decomposes slowly, and is difficult to manage, potentially becoming a signif-
icant environmental pollutant if not developed and utilized promptly and ra-
tionally[15]. Due to its high crude fiber and low crude protein content, the
direct use of vinegar residue as a feed ingredient provides limited nutritional
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value for livestock and poultry, greatly restricting its application in animal di-
ets. However, vinegar residue contains substantial amounts of underutilized
components such as crude fiber and non-protein nitrogen, making it possible
to convert waste into valuable resources through appropriate development. Mi-
crobial fermentation currently represents the primary technical approach for
developing unconventional feed resources. Previous research has demonstrated
that Phanerochaete chrysosporium is the most extensively studied white-rot fun-
gus with strong lignin-degrading capabilities[16], secreting lignin peroxidase to
degrade lignin[17]. Trichoderma koningii can decompose cellulose and produce
cellulase using high-cellulose materials[18-19]. Aspergillus niger grows rapidly
with a short enzyme production cycle, is a safe strain that can produce cellulase
using high crude fiber materials without generating mycotoxins during fermenta-
tion[20-22]. Aspergillus ficuum is the primary strain for phytase production and
is used in commercial phytase manufacturing. Wang Zhihong[23] reported that
Aspergillus ficuum can grow in vinegar residue without added nitrogen or carbon
sources and produce phytase. Cui Yaoming[12] found that after optimal fermen-
tation of vinegar residue with these four strains, carboxymethyl cellulase and
xylanase activities increased by 418.99% and 507.45%, respectively, compared
with single-strain fermentation. This experiment evaluated the nutritional value
of vinegar residue and fermented vinegar residue for laying hens using the sub-
stitution method. The fermented vinegar residue used was produced through
mixed fermentation of vinegar residue with Phanerochaete chrysosporium, Tri-
choderma koningii, Aspergillus niger, and Aspergillus ficuum. After microbial
fermentation, the crude protein content of vinegar residue increased by 14.24%,
starch content increased by 46.75%, crude fiber content decreased by 7.97%,
cellulose content decreased by 6.12%, and hemicellulose content decreased by
68.06%. The results indicated that although no significant differences were ob-
served in available nutrient contents between fermented vinegar residue and
vinegar residue, all values numerically improved, demonstrating that mixed-
strain fermentation can enhance nutrient utilization of vinegar residue in laying
hens.

4 Conclusion
When evaluating the nutritional value of vinegar residue and fermented vinegar
residue for laying hens using the substitution method, a substitution ratio of
20% is recommended.
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