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Abstract

This study aimed to compare the differences in nutritional composition among
different types of distiller’ s grains and evaluate their nutritional value. A total
of 24 samples from five categories of distiller’ s grains were collected, including 8
strong-flavor sorghum distiller’ s grains, 4 sauce-flavor sorghum distiller’ s grains,
4 highland barley distiller’ s grains, 3 corn distiller’ s grains, and 5 brewer’ s
grains. Their nutrient composition was analyzed, the Cornell Net Carbohydrate
and Protein System (CNCPS) was applied to evaluate their rumen degradation
characteristics, atomic absorption spectrometry was used to determine their
iron, copper, manganese, and zinc contents, and their anti-nutritional factors
tannin and silicon contents were measured. The results showed that: 1) The
pH and initial water content of brewer’ s grains were significantly higher than
those of other distiller’ s grains (P<0.05). 2) Brewer’ s grains had the highest
crude protein content, which was significantly higher than that of strong-flavor
sorghum distiller’ s grains, highland barley distiller’ s grains, and corn distiller’
s grains (P<0.05). The neutral detergent insoluble protein (NDIP) content of
brewer’ s grains and sauce-flavor sorghum distiller’ s grains was significantly
higher than that of other distiller’ s grains (P<0.05). The acid detergent in-
soluble protein (ADIP) content of strong-flavor sorghum distiller’ s grains and
sauce-flavor sorghum distiller’ s grains was significantly higher than that of other
distiller’ s grains (P<0.05). The ether extract content of corn distiller’ s grains
was significantly higher than that of other distiller’s grains (P<0.05). The crude
fiber, neutral detergent fiber, acid detergent fiber, and acid detergent lignin con-
tents of strong-flavor sorghum distiller’ s grains were significantly higher than
those of other distiller’ s grains (P<0.05). The starch content of corn distiller’
s grains was significantly higher than that of other distiller’ s grains (P<0.05),
while the starch content of brewer’ s grains was significantly lower than that
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of other distiller” s grains (P<0.05). 3) According to CNCPS classification, the
proportion of rapidly degradable carbohydrate (CA) in brewer’ s grains was
significantly higher than that in other distiller’ s grains (P<0.05), the propor-
tion of moderately degradable carbohydrate (CB1) in corn distiller’ s grains was
significantly higher than that in other distiller’ s grains (P<0.05), the propor-
tion of non-degradable carbohydrate (CC) in strong-flavor sorghum distiller’ s
grains was significantly higher than that in other distiller’ s grains (P<0.05),
the proportion of slowly degradable true protein (PB3) in brewer’ s grains was
significantly higher than that in other distiller’ s grains (P<0.05), and the pro-
portion of non-degradable true protein (PC) in strong-flavor sorghum distiller’ s
grains was significantly higher than that in other distiller’ s grains (P<0.05). 4)
The iron and manganese contents of strong-flavor sorghum distiller’ s grains and
sauce-flavor sorghum distiller’ s grains were significantly higher than those of
other distiller’ s grains (P<0.05), while the copper and zinc contents of brewer’
s grains were significantly higher than those of other distiller’ s grains (P<0.05).
5) The tannin content of brewer’ s grains was significantly lower than that of
other distiller’s grains (P<0.05), and the silicon content of strong-flavor sorghum
distiller’ s grains was significantly higher than that of other distiller’ s grains
(P<0.05). It can be seen that the nutritional composition varies significantly
among different types of distiller’ s grains. Corn distiller’ s grains provided the
highest quality carbohydrate fraction, brewer’ s grains provided the highest qual-
ity protein fraction, highland barley distiller’ s grains and sauce-flavor sorghum
distiller’ s grains were of relatively high quality, while strong-flavor sorghum
distiller’ s grains were of the poorest quality, and they should be added appro-
priately according to actual production requirements.
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Abstract: This study aimed to compare the nutrient composition differences
among different types of distillers’ grains and evaluate their nutritional values.
A total of 24 distillers’ grains samples were collected across five categories: 8
Luzhou-sorghum distillers’ grains (L-SDG), 4 Maotai-sorghum distillers’ grains
(M-SDG), 4 highland barley distillers’ grains (HBDG), 3 corn distillers’ grains
(CDG), and 5 barley brewers’ grains (BBG). Nutrient compositions were an-
alyzed, ruminal degradation characteristics were evaluated using the Cornell
Net Carbohydrate and Protein System (CNCPS), mineral elements (iron, cop-
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per, manganese, zinc) were determined by atomic absorption spectrometry, and
anti-nutritional factors (tannin and silicon) were measured. The results showed:
1) BBG exhibited significantly higher pH and initial moisture content compared
to other distillers’ grains (P<0.05). 2) BBG had the highest crude protein con-
tent, significantly exceeding that of L-SDG, HBDG, and CDG (P<0.05). The
neutral detergent insoluble protein (NDIP) content in BBG and M-SDG was
significantly higher than in other distillers’ grains (P<0.05), while the acid deter-
gent insoluble protein (ADIP) content in L-SDG and M-SDG was significantly
higher than in others (P<0.05). CDG showed significantly higher ether extract
content than other types (P<0.05). L-SDG had significantly higher crude fiber,
neutral detergent fiber, acid detergent fiber, and acid detergent lignin contents
than other distillers” grains (P<0.05). CDG demonstrated significantly higher
starch content than other types (P<0.05), whereas BBG showed significantly
lower starch content than others (P<0.05). 3) According to CNCPS classifica-
tion, BBG had a significantly higher proportion of rapidly degradable carbohy-
drate (CA) (P<0.05), CDG had a significantly higher proportion of moderately
degradable carbohydrate (CB1) (P<0.05), L-SDG had a significantly higher
proportion of non-degradable carbohydrate (CC) (P<0.05), BBG had a signifi-
cantly higher proportion of slowly degradable true protein (PB3) (P<0.05), and
L-SDG had a significantly higher proportion of non-degradable true protein (PC)
(P<0.05). 4) L-SDG and M-SDG contained significantly higher iron and man-
ganese levels than other distillers’ grains (P<0.05), while BBG had significantly
higher copper and zinc contents (P<0.05). 5) BBG showed significantly lower
tannin content than other types (P<0.05), and L-SDG had significantly higher
silicon content than other distillers’ grains (P<0.05). These findings indicate
substantial variation in nutrient composition among different distillers’ grains
types. CDG provides the highest quality carbohydrate fraction, BBG provides
the highest quality protein fraction, HBDG and M-SDG exhibit relatively good
quality, while L-SDG shows the poorest quality. Selection and supplementation
should be based on specific production requirements.

Keywords: distillers’ grains; nutrient composition; CNCPS

Distillers’ grains are major byproducts of the brewing industry, characterized
by large production volumes, rich nutrient content, and low cost. Their utiliza-
tion as animal feed can substantially conserve food grains, offering significant
development prospects. Commonly used distillers’ grains in production include
white spirit grains and brewers’ grains, with white spirit grains further classified
by raw materials such as sorghum, corn, highland barley, and potato-based dis-
tillers’grains. Sorghum distillers’grains can be subdivided into strong-aroma and
sauce-aroma types according to traditional fermentation processes. Corn, high-
land barley, and potato distillers’ grains are typically pure grain byproducts from
small-scale farmers or workshops, with limited sources and smaller production
volumes. China exhibits great diversity in distillers’ grains types, with varying
brewing raw materials and processes, resulting in significant differences in nutri-
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ent composition. The Cornell Net Carbohydrate and Protein System (CNCPS)
effectively predicts feed biological value by calculating degradation and passage
rates of carbohydrate and protein fractions to estimate rumen fermentation ex-
tent, microbial protein production, post-ruminal absorption, and total supply
of metabolizable energy and protein to animals. Currently, conventional nu-
trient analysis methods are predominantly used for nutritional evaluation of
distillers’ grains. Therefore, this study aimed to compare nutrient composition
differences among different distillers’ grains types and evaluate their nutritional
values, thereby addressing data gaps in CNCPS components for various distillers’
grains, supplementing and improving nutritional value databases, and providing
fundamental data to guide scientific feed formulation utilizing distillers’ grains.

1.1 Sample Collection

A total of 24 distillers’ grains samples were collected from Sichuan Province
(Chengdu, Yibin, Luzhou, and Leshan), Qinghai Province (Haibei, Haidong,
and Hezuo), Yunnan Province (Kunming and Lincang), Henan Province
(Zhengzhou), and Hebei Province (Shijiazhuang). The samples included 8
Luzhou-sorghum distillers’ grains (L-SDG), 4 Maotai-sorghum distillers’ grains
(M-SDG), 4 highland barley distillers’ grains (HBDG), 3 corn distillers’ grains
(CDG), and 5 barley brewers’ grains (BBG) (all barley-based). Geometric
sampling methods were employed for collection. Fresh distillers’ grains were
sealed in plastic bags, transported to the laboratory in preservation boxes,
oven-dried at 65°C to produce air-dried samples, ground to pass through a
40-mesh sieve for nutrient analysis, and stored at 4°C until use.

1.2 Measurement Indicators and Methods

Conventional nutrient components including bulk density, initial moisture, dry
matter (DM), crude fiber (CF), crude protein (CP), ether extract (EE), neutral
detergent fiber (NDF), acid detergent fiber (ADF), acid detergent lignin (ADL),
crude ash (Ash), calcium (Ca), and total phosphorus (TP) were determined
according to standard methods in “Feed Analysis and Feed Quality Detection
Technology” . Nitrogen-free extract (NFE) content was calculated by difference.
Neutral detergent insoluble protein (NDIP) and acid detergent insoluble protein
(ADIP) contents were determined using the Van Soest method. Soluble crude
protein (SCP) content was measured following the method of Krishnamoorthy
et al. Non-protein nitrogen (NPN) content was determined according to Licitra
et al. Starch content was measured using the AOAC (996.11) standard method
with a starch assay kit. pH was measured using a pH meter. Mineral elements
iron (Fe), copper (Cu), manganese (Mn), and zinc (Zn) were determined by
atomic absorption spectrometry. Tannin content was measured using the GB/T
27985-2011 spectrophotometric method. Silicon (Si) content was determined
following the method of Dai Weimin et al. Mycotoxin content was measured
using enzyme-linked immunosorbent assay (ELISA) kits.
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1.3 CNCPS Component Calculation

CNCPS component calculations followed the methodology proposed by Sniffen
et al.

1.4 Statistical Analysis

Data were analyzed using one-way ANOVA with SPSS 22.0, followed by Duncan’
s multiple comparison test. Differences were considered significant at P<0.05.
Results are expressed as means + standard deviation.

2.1 Physical Characteristics of Different Fresh Distillers’ Grains

As shown in , CDG exhibited significantly higher bulk density compared to BBG
and fresh L-SDG (P<0.05). BBG showed significantly higher pH than other
distillers’ grains (P<0.05), with the following ranking: BBG > M-SDG > L-SDG
> HBDG > CDG. BBG had significantly higher initial moisture content than
other types (P<0.05), while CDG showed significantly higher initial moisture
than L-SDG, M-SDG, and HBDG (P<0.05).

2.2 Conventional Nutrient Contents of Different Distillers’ Grains

As presented in , DM content did not differ significantly among distillers’ grains
types (P>0.05), while all other nutrient components showed significant varia-
tions. BBG contained the highest CP content, exceeding M-SDG by 11.78%
(P>0.05), HBDG by 13.79% (P<0.05), CDG by 21.54% (P<0.05), and L-SDG
by 38.73% (P<0.05). CDG exhibited significantly higher EE content than other
distillers’ grains (P<0.05). CDG showed the highest NFE content, exceeding
HBDG by 17.69% (P>0.05), BBG by 25.13% (P<0.05), M-SDG by 31.90%
(P<0.05), and L-SDG by 32.00% (P<0.05). L-SDG and M-SDG had signifi-
cantly higher Ash content than other types (P<0.05). L-SDG demonstrated
significantly higher CF content than other distillers’ grains (P<0.05), while
CDG showed the lowest CF content, being 26.89% lower than HBDG (P <0.05),
33.46% lower than M-SDG (P<0.05), 34.35% lower than BBG (P<0.05), and
60.13% lower than L-SDG (P<0.05).

Significant differences were also observed in fiber components and starch content
among distillers’ grains types. L-SDG exhibited significantly higher NDF, ADF,
and ADL contents than other types (P<0.05), while CDG showed the lowest
values for these fiber components. CDG had significantly higher starch content
than the progressively decreasing levels in HBDG, L-SDG, M-SDG, and BBG
(P<0.05).

Protein nutritional component analysis revealed that BBG and M-SDG had sig-
nificantly higher NDIP content than L-SDG, HBDG, and CDG (P<0.05), with
CDG showing the lowest value. L-SDG and M-SDG demonstrated significantly
higher ADIP content than HBDG, CDG, and BBG (P<0.05). HBDG contained
the highest SCP content, significantly exceeding other distillers’ grains (P<0.05),
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while BBG showed the lowest SCP content, significantly lower than other types
(P<0.05). HBDG also exhibited significantly higher NPN content than other
distillers’ grains (P<0.05).

2.3 Carbohydrate and Protein Component Contents of Different Dis-
tillers’ Grains

As shown in , L-SDG demonstrated significantly higher carbohydrate (CHO)
content than BBG and M-SDG (P<0.05). However, BBG exhibited a signifi-
cantly higher proportion of rapidly degradable carbohydrate (CA) than other
types (P<0.05), while L-SDG showed the lowest CA proportion. CDG had
the highest proportion of moderately degradable carbohydrate (CB1), signif-
icantly exceeding other distillers’ grains (P<0.05), whereas BBG showed the
lowest CB1 proportion, significantly lower than others (P<0.05). M-SDG and
L-SDG demonstrated significantly lower proportions of slowly degradable car-
bohydrate (CB2) than other types (P<0.05). L-SDG exhibited a significantly
higher proportion of non-degradable carbohydrate (CC) than other distillers’
grains (P<0.05), while CDG showed a significantly lower CC proportion than
other types (P<0.05). Overall, CDG provided the highest quality carbohydrate
fraction.

BBG demonstrated the highest proportion of slowly degradable true protein
(PB3), significantly exceeding other distillers’ grains (P<0.05). HBDG and M-
SDG showed PB3 proportions significantly higher than the progressively decreas-
ing levels in CDG and L-SDG (P<0.05). BBG exhibited the lowest proportion
of non-degradable true protein (PC), significantly lower than L-SDG, M-SDG,
and HBDG (P<0.05). L-SDG showed the highest PC proportion, significantly
exceeding the progressively decreasing levels in M-SDG, HBDG, CDG, and BBG
(P<0.05). Overall, BBG provided the highest quality protein fraction.

2.4 Mineral Element Contents of Different Distillers’ Grains

As presented in , L-SDG showed an appropriate calcium-to-phosphorus ratio,
while other distillers’ grains had higher phosphorus than calcium content, result-
ing in inappropriate ratios. L-SDG and M-SDG contained significantly higher
iron content than HBDG, CDG, and BBG (P<0.05). BBG demonstrated sig-
nificantly higher copper content than other distillers’ grains (P<0.05). M-SDG
exhibited significantly higher manganese content than other types (P<0.05),
while CDG showed significantly lower manganese content than others (P<0.05).
BBG had significantly higher zinc content than other distillers” grains (P<0.05).

2.5 Anti-nutritional Factor Contents of Different Distillers’ Grains

As shown in , M-SDG demonstrated significantly higher tannin content than
the progressively decreasing levels in CDG, HBDG, and BBG (P<0.05). L-
SDG exhibited the highest silicon content, significantly exceeding other distillers’
grains (P<0.05), being 35.47% higher than M-SDG (P<0.05), 53.95% higher
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than HBDG (P<0.05), 77.63% higher than BBG (P<0.05), and 94.07% higher
than CDG (P<0.05).

2.6 Mycotoxin Contents of Different Distillers’ Grains

Among the 24 distillers’ grains samples analyzed, aflatoxin B1, zearalenone, de-
oxynivalenol, and ochratoxin contents were extremely low. Only one CDG sam-
ple contained trace amounts of aflatoxin B1, while no mycotoxins were detected
in the remaining samples.

3.1 Differences in Physical Characteristics of Different Fresh Distillers’
Grains

In this study, L-SDG exhibited the lowest bulk density, while CDG showed the
highest, possibly due to higher rice husk content in L-SDG resulting in lower
density per unit volume. Xu et al. reported bulk densities of 401.0-614.6 g/L
for nine types of white spirit grains from Sichuan, consistent with our findings.
Tan et al. reported white spirit grain acidity of 3, lower than our results, likely
attributable to differences in sample sources and freshness. BBG demonstrated
significantly higher acidity than other distillers’ grains, possibly resulting from
differences between beer and white spirit brewing processes. Additionally, BBG
initial moisture content was approximately 78.77%, and CDG initial moisture
was about 72.12%, consistent with Jiao et al.” s report of approximately 80%
moisture in brewers’ grains. Overall, physical characteristics varied among dif-
ferent distillers’ grains types, with similar characteristics within the same type.
Due to minimal variation in raw materials and processes among different BBG
samples, their physical characteristics showed little difference, whereas greater
variation in processes and raw materials among different white spirit grains
resulted in more pronounced differences in physical characteristics.

3.2 Differences in Conventional Nutrient Contents of Different Dis-
tillers’ Grains

Our results demonstrate that CDG exhibited significantly higher EE, NFE, and
starch contents than other distillers’ grains, providing greater energy for ru-
minants, consistent with reports by Yang and Kelzer et al. BBG showed the
lowest starch content at only 15.82% of CDG levels, aligning with Li’ s findings.
L-SDG and M-SDG demonstrated significantly higher Ash content than other
types, likely due to rice husk content in these materials. Meanwhile, L-SDG
exhibited significantly higher CF, NDF, ADF, and ADL contents than other
distillers’ grains. High fiber content can affect palatability, reduce digestibility
of CP and other organic matter, and consequently impact animal feed intake.
These results are similar to those reported by Tan et al. and Xu for white spirit
grains.

BBG and M-SDG contained higher CP contents of 27.34% and 23.57%, respec-
tively, with CF contents below 18%, classifying them as protein feeds. BBG
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also showed higher NDIP content and significantly lower ADIP content than
other types, indicating optimal protein composition. L-SDG demonstrated sig-
nificantly higher ADIP content than other distillers’ grains, showing the poor-
est protein composition. HBDG exhibited significantly higher SCP and NPN
contents than other types, enabling rapid ruminal degradation and absorption,
while also maintaining relatively high CP content (23.57%), indicating good
protein quality. These findings are similar to Chen’ s reports on nitrogenous
substances in white spirit grains, though slightly lower than contents reported
by Kelzer et al. and Yu for corn distillers’ grains.

3.3 Differences in Carbohydrate and Protein Component Contents of
Different Distillers’ Grains

In this study, L-SDG, HBDG, and CDG contained over 60% carbohydrate, mak-
ing them carbohydrate-predominant feeds. However, L-SDG showed a lower
proportion of non-structural carbohydrates relative to total carbohydrates and
a higher CC proportion, indicating higher indigestible content and lower utiliza-
tion efficiency in the rumen. CDG and HBDG exhibited the highest propor-
tions of non-structural carbohydrates and CB1 relative to total carbohydrates,
significantly higher than other types, with lower CC content, suggesting higher
ruminal degradation rates and utilization efficiency, thus providing high-quality
carbohydrates for animals.

Protein component differences among distillers’ grains types were substantial.
BBG showed higher proportions of moderately degradable true protein (PB2)
and PB3, likely because most soluble proteins were degraded by yeast during
brewing, leaving undegraded true proteins primarily as moderately and slowly
degradable forms. BBG’ s significantly lower PC proportion than other types
indicates higher PB3 content and superior protein quality. HBDG showed a
higher proportion of soluble protein fraction non-protein nitrogen (PA) in CP,
while CDG exhibited higher PB2 proportion and lower PC proportion, indicat-
ing higher NPN and soluble true protein contents in their CP, thus providing
quality protein for animals. L-SDG demonstrated the highest PC proportion,
significantly exceeding other types, indicating lower ruminal digestibility and
poorest protein quality.

3.4 Differences in Mineral Element Contents of Different Distillers’
Grains

In this study, calcium and total phosphorus contents in distillers’ grains ranged
from 0.13% to 0.87% and 0.29% to 0.77% DM, respectively, similar to results
reported by Lii et al. and Adams et al. High iron content can interfere with
copper and zinc absorption and cause oxidative stress. Our study found iron
contents of 828-1,999 mg/kg in L-SDG and M-SDG, with M-SDG showing the
highest content, consistent with findings by Zhang and Fan. Copper content
across distillers’ grains types ranged from 10 to 51 mg/kg, with BBG showing
the highest content, exceeding Adams’ results. Manganese content ranged from
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21 to 252 mg/kg, with sorghum distillers’ grains showing the highest content,
consistent with Wang et al. and slightly higher than Fang’s results. Zinc content
ranged from 49 to 161 mg/kg, with BBG showing the highest content. However,
high iron may competitively inhibit zinc absorption, potentially causing zinc
deficiency, thus warranting attention to zinc requirements in high-iron, low-zinc
distillers’ grains.

3.5 Differences in Anti-nutritional Factor Contents of Different Dis-
tillers’ Grains

Tannins can form insoluble complexes with proteins, reducing feed intake, di-
gestibility, rumen bypass protein content, and nitrogen utilization while increas-
ing nitrogen excretion and methane emissions, with effects depending on tan-
nin source, concentration, and structure. Sorghum tannin content ranges from
0.45% to 1.68%, but microbial tannase production during white spirit brew-
ing substantially reduces tannin content in distillers’ grains compared to raw
materials. Rice husk silicon content ranges from 59 to 100 g/kg. Traditional
Chinese white spirit grains such as sauce-aroma and strong-aroma types con-
tain 8%-12% and 56%-68% rice husk, respectively. High dietary silicon content
reduces fiber degradability and accelerates feed passage through the digestive
tract, while also increasing ash content and reducing effective nutrient concentra-
tion per unit weight, thereby decreasing nutritional value. Therefore, besides
high rumen-indigestible components, high silicon content also affects ruminal
degradation of L-SDG.

3.6 Mycotoxin Content Characteristics of Different Distillers’ Grains

Mycotoxins are widely present in various feed ingredients, with major toxins in
grains and distillers’ grains including aflatoxin B1, zearalenone, deoxynivalenol,
and ochratoxin. Only one sample contained trace aflatoxin B1, and since all
samples were fresh, this also indicates good transportation and preservation.
Xu reported minimal mycotoxin content in white spirit grains, consistent with
our findings.

4 Conclusion

1. BBG exhibited the highest CP content, making it suitable as a protein
feed. CDG showed high NFE, starch, and CP contents, making it suitable
as both an energy and protein feed. L-SDG demonstrated the highest CF,
NDF, ADF, and ADL contents, making it suitable as a roughage.

2. CNCPS evaluation indicated that BBG had the highest fermentable pro-
tein content, representing a high-quality protein source. CDG showed
the highest fermentable carbohydrate content, representing a high-quality
carbohydrate source. L-SDG exhibited the lowest fermentable content,
indicating lower quality as a ruminant feed.
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3. Among anti-nutritional factors, L-SDG contained the highest silicon con-
tent, which affects digestion and absorption of other nutrients and reduces
nutritional value. Mycotoxin and tannin contents were minimal across dif-
ferent distillers’ grains types and can be considered negligible in practical
production.
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