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Abstract
This study investigated the effects of glutamic acid residue on milk yield and
milk composition in dairy goats to determine the optimal supplementation level
of glutamic acid residue in concentrate supplements, aiming to diversify feed
ingredient sources and reduce feed costs. A single-factor randomized block de-
sign was employed, utilizing 40 healthy second-parity Saanen dairy goats in
early lactation [days in milk: (20±5) d] with identical parity, body weight of
(59.80±2.15) kg, and similar milk production performance, which were randomly
allocated into 4 groups of 10 goats each. The concentrate supplements pro-
vided to the four groups were equivalent in nutritional levels, with glutamic
acid residue supplementation rates of 0 (control), 2%, 4%, and 6%, respectively.
The experimental period comprised 63 days, including a 7-day preliminary pe-
riod and a 56-day formal experimental period. The results demonstrated no
significant differences among groups in daily dry matter intake, milk yield, lac-
tose content, or milk fat content (P>0.05). On day 35, the milk protein content
in the 2% and 4% glutamic acid residue groups was significantly higher than
that in the control and 6% glutamic acid residue groups (P<0.05); on days 42
and 56, the milk protein content in the 2% glutamic acid residue group, 4% glu-
tamic acid residue group, and control group was significantly higher than that
in the 6% glutamic acid residue group (P<0.05). On day 56, compared with the
control group, the concentration and absolute yield of �-lactoglobulin in milk
protein in all treatment groups exhibited an increasing trend; the concentration
and absolute yield of �-casein in milk protein in the 2% and 4% glutamic acid
residue groups exhibited an increasing trend, while those in the 6% glutamic
acid residue group exhibited a decreasing trend, though all differences were not
significant (P>0.05). No significant differences were observed among groups in
the daily absolute yields of milk fat, lactose, or milk protein (P>0.05). It was
concluded that glutamic acid residue can be utilized as a feed protein source
for dairy goats, with an optimal supplementation level of 4% in concentrate
supplements.
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Abstract

This study investigated the effects of glutamic acid residue on milk yield and
milk composition of dairy goats to determine the optimal supplementation level
in concentrate supplements, aiming to enrich feedstuff sources and reduce feed-
ing costs. A single-factor randomized block design was adopted. Forty healthy
Saanen dairy goats in early lactation [days in milk: (20±5) d], with identical
parity, similar body weight [(59.80±2.15) kg] and milk performance, were ran-
domly allocated into 4 groups (n=10). The concentrate supplements for all
groups had basically the same nutrient levels, with glutamic acid residue added
at 0 (control), 2%, 4%, and 6%, respectively. The experimental period lasted 63
days, including a 7-day pre-trial period and a 56-day formal trial period. The
results showed that average daily dry matter intake, milk yield, milk fat percent-
age, and lactose percentage did not differ significantly among groups (P>0.05).
On day 35 of the experiment, the milk protein percentage in the 2% and 4% glu-
tamic acid residue groups was significantly higher than that in the control and
6% groups (P<0.05). On days 42 and 56, the milk protein percentage in the 2%
group, 4% group, and control group was significantly higher than that in the 6%
group (P<0.05). On day 56, compared with the control group, all experimental
groups showed an upward trend in �-lactoglobulin concentration and absolute
yield in milk protein; the 2% and 4% groups showed an upward trend in �-casein
concentration and absolute yield, while the 6% group showed a downward trend,
though none of these differences were significant (P>0.05). The daily absolute
yields of milk fat, lactose, and milk protein did not differ significantly among
groups (P>0.05). It is concluded that glutamic acid residue can be used as
a protein feedstuff for dairy goats, with the optimal supplementation level in
concentrate supplements being 4%.
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Introduction

Protein is one of the most important material foundations for life activities and
occupies a special position in livestock nutrition. As one of the most crucial
components of animal bodies, protein is essential for the growth of muscle, skin,
hair, and bone, as well as for the synthesis of hormones and enzymes, serving as
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the primary bearer of life activities. Dietary protein level significantly influences
milk yield and quality. For instance, Yu et al. reported that increasing dietary
protein level could increase milk yield of Laoshan dairy goats while significantly
elevating milk fat, milk protein, and non-fat solid contents. Protein feedstuffs
are characterized by high digestibility and absorbability, providing energy re-
quired for animal growth, being rich in various essential amino acids lacking in
animal bodies, containing high levels of calcium and phosphorus, and having
excellent palatability, making them high-quality feed ingredients.

As the world’s largest consumer of livestock meat products, China has enormous
demand for protein feedstuffs and other raw materials required for livestock pro-
duction. However, high-quality protein feedstuffs such as fish meal and soybean
meal are expensive, with approximately 70% of protein feedstuffs relying on
imports. These circumstances necessitate the search for new, inexpensive, and
abundant protein feedstuffs to replace traditional ones like fish meal and soybean
meal.

The food industry generates large quantities of organic wastewater during the
production of monosodium glutamate, yeast, and liquor from grain-based fer-
mentation. This wastewater contains substantial amounts of utilizable compo-
nents such as microbial cells and nitrogen. Through microbial decomposition
and transformation of organic and inorganic nitrogen, various nutrients are syn-
thesized, converting the concentrated liquid via fermentation into high-quality
biological protein feedstuffs from food industry by-products. Fermentation of
feed ingredients can eliminate anti-nutritional factors, improve palatability, en-
hance feed utilization efficiency, and consequently improve animal growth per-
formance.

Glutamic acid residue is produced from further processing of condensed mo-
lasses fermentation solubles (CMS), a by-product of monosodium glutamate
production from molasses fermentation. It retains partial components and fla-
vors of sucrose while adding unique non-protein nitrogen amino acids, vitamins,
microbial protein, and other special nutrients from the fermentation process.
Combined with its rich inorganic salt composition, glutamic acid residue is suit-
able as a feed ingredient without affecting animal feed intake. Currently, China
has approximately 200 monosodium glutamate factories of various sizes, with
an annual production capacity of 1.1 million tons. If all monosodium glutamate
factories in the country were to separate and recover waste microbial cells, they
could produce approximately 220,000 tons of microbial protein containing about
70% crude protein annually. This would open new protein resources for animal
production, alleviating the shortage of protein feed resources in China to some
extent, while reducing environmental pollution from waste liquid after microbial
cell separation.
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Materials and Methods

1.1 Experimental Animals Forty healthy Saanen dairy goats in early lac-
tation [days in milk: (20±5) d] with identical parity (second lactation), similar
body weight [(59.80±2.15) kg] and body condition were selected. All experimen-
tal goats were in good health without any diseases. A single-factor randomized
block design was employed, with the 40 goats randomly divided into 4 groups
(n=10). No significant differences were observed among groups in parity, age,
days in milk, or milk performance (P>0.05).

1.2 Experimental Diets The experimental diets consisted of concentrate
supplements, corn silage, and alfalfa hay. The concentrate supplements for all
four groups had basically the same nutrient levels, with glutamic acid residue
added at 0 (control), 2%, 4%, and 6%, respectively. The composition and
nutrient levels of the concentrate supplements are presented in Table 1 .

Table 1 Composition and nutrient levels of concentrate supplements
(DM basis)

Item Glutamic acid residue adding amount/%
Ingredients
Corn
Wheat bran
Cottonseed meal
Soybean meal
Corn germ cake
Rapeseed meal
Corn skin
DDGS
Glutamic acid residue 0, 2, 4, 6
Limestone
CaHPO�
NaCl
Premix¹
Total
Nutrient levels²
DE/(MJ/kg)
DM
CP

¹Premix provided the following per kilogram of concentrate supplements: VA
25,000 IU, VD� 10,000 IU, VE 50 mg, Fe 45 mg, Cu 30 mg, Zn 90 mg, Mn 40
mg, I 0.8 mg, Se 0.6 mg, Co 0.5 mg.
²Nutrient levels were calculated values.
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1.3 Animal Management Before the experiment, all goats were vaccinated
and dewormed, and pens were cleaned and disinfected. The four groups were
then housed in four separate pens. Concentrate supplements and corn silage
were fed daily from 07:30–08:00 and 14:30–15:00, while alfalfa hay was fed at
20:00. All goats had free access to water and were allowed free movement.
Residual feed was collected before the next day’s feeding, weighed by category,
and used to calculate dry matter intake. The experimental period lasted 63
days, including a 7-day pre-trial period and a 56-day formal trial period.

1.4 Sample Collection Goats were milked twice daily during the experi-
mental period. Milk yield was recorded twice weekly during the formal trial
period, with each recording representing the sum of morning and afternoon
milk yields. Milk samples were collected every 7 days to analyze milk compo-
sition parameters including lactose percentage, milk fat percentage, and milk
protein percentage. On day 56 of the formal trial period, milk samples were
collected and transported to the laboratory for determination of �S1-casein, �-
casein, and �-lactoglobulin concentrations in milk protein, and to calculate the
absolute yields of these proteins on that day.

1.5 Data Analysis Experimental data were analyzed using one-way ANOVA
procedure in SPSS 23.0 software. When significant differences were detected,
Duncan’s multiple range test was used for mean comparison.

Results

2.1 Effects of Glutamic Acid Residue on Dry Matter Intake of Dairy
Goats As shown in Table 2 , no significant differences in average daily dry
matter intake were observed among the control, 2%, 4%, and 6% glutamic acid
residue groups during the 8-week formal trial period (P>0.05). However, aver-
age daily dry matter intake increased in all groups as the experiment progressed.

Table 2 Effects of glutamic acid residue on average daily dry matter
intake of dairy goats (kg/d)

Sampling time Glutamic acid residue adding amount/%
0 2% 4% 6%

Week 1 1.93±0.03 1.97±0.03 1.93±0.04 1.98±0.02
Week 2 1.94±0.01 1.94±0.01 1.94±0.02 1.95±0.01
Week 3 1.97±0.01 1.96±0.10 1.96±0.08 1.97±0.08
Week 4 2.01±0.00 2.00±0.05 2.00±0.04 2.01±0.01
Week 5 2.01±0.00 2.00±0.10 2.00±0.04 2.01±0.02
Week 6 2.01±0.00 2.01±0.00 2.01±0.00 2.01±0.00
Week 7 2.00±0.00 2.00±0.04 2.00±0.05 2.00±0.04
Week 8 2.01±0.00 2.00±0.05 2.00±0.03 2.00±0.05
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In the same row, values with different small letter superscripts mean significant
difference (P<0.05), while with the same or no letter superscripts mean no
significant difference (P>0.05). The same as below.

2.2 Effects of Glutamic Acid Residue on Milk Yield of Dairy Goats
As shown in Figure 1 [Figure 1: see original paper]-A, milk yield curves of all
groups were similar during the formal trial period without obvious fluctuations.
At the beginning of the experiment (day 0), milk yield in the 2% and 6% glu-
tamic acid residue groups was significantly higher than that in the control group
(P<0.05, Figure 1-B). On days 28 and 56 of the experiment, no significant dif-
ferences in milk yield were observed among the three experimental groups (2%,
4%, and 6%) and the control group (P>0.05, Figure 1-C and Figure 1-D).

In the same figure, data columns with different small letters mean significant
difference (P<0.05), while with the same or no letters mean no significant dif-
ference (P>0.05). The same as below.

Figure 1 Effects of glutamic acid residue on milk yield of dairy goats

2.3 Effects of Glutamic Acid Residue on Milk Composition of Dairy
Goats As shown in Table 3 , no significant differences in milk fat percentage
or lactose percentage were observed among groups at any sampling time point
during the formal trial period (P>0.05). On day 7, milk protein percentage in
the 2% glutamic acid residue group was significantly higher than that in the 6%
group (P<0.05). On day 35, milk protein percentage in the 2% and 4% groups
was significantly higher than that in the control and 6% groups (P<0.05), with
no significant difference between the 2% and 4% groups (P>0.05) or between the
control and 6% groups (P>0.05). On days 42 and 56, milk protein percentage
in the 2% group, 4% group, and control group was significantly higher than
that in the 6% group (P<0.05), though no significant differences were detected
among the 2% group, 4% group, and control group (P>0.05). No significant
differences in milk protein percentage were observed among groups on days 14,
21, 28, and 49 (P>0.05).

Table 3 Effects of glutamic acid residue on milk composition of dairy
goats (%)

Items
Sampling
time

Glutamic acid residue adding
amount/%
0 2% 4% 6%

Milk
fat
per-
cent-
age

Day 7 3.97±0.21 4.70±0.314.45±0.254.32±0.16

Day 14 4.60±0.34 4.97±0.354.47±0.234.98±0.33
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Items
Sampling
time

Glutamic acid residue adding
amount/%

Day 21 4.86±0.51 4.77±0.724.41±0.255.51±0.69
Day 28 4.48±0.12 4.32±0.164.36±0.174.28±0.18
Day 35 4.41±0.21 5.17±0.504.09±0.304.50±0.48
Day 42 4.84±0.30 5.27±0.225.31±0.234.90±0.27
Day 49 5.10±0.16 4.83±0.214.60±0.174.99±0.20
Day 56 4.80±0.30 4.26±0.274.45±0.214.62±0.19

Lactose
per-
cent-
age

Day 7 3.42±0.10 3.49±0.113.24±0.093.38±0.07

Day 14 3.32±0.08 3.38±0.073.18±0.113.30±0.06
Day 21 3.44±0.06 3.46±0.043.32±0.063.34±0.06
Day 28 3.12±0.09 3.29±0.073.17±0.083.08±0.06
Day 35 3.38±0.09 3.47±0.093.44±0.163.35±0.09
Day 42 3.33±0.07 3.38±0.113.50±0.083.54±0.09
Day 49 3.23±0.09 3.37±0.083.44±0.093.49±0.11
Day 56 3.55±0.06 3.51±0.063.54±0.053.56±0.09

Milk
pro-
tein
per-
cent-
age

Day 7 2.84±0.05�� 3.11±0.21�2.84±0.03��2.67±0.04�

Day 14 2.87±0.03 2.98±0.042.94±0.092.81±0.07
Day 21 2.83±0.04 2.85±0.022.76±0.042.77±0.04
Day 28 2.67±0.04 2.75±0.032.81±0.052.62±0.06
Day 35 2.65±0.03� 2.81±0.03�2.80±0.03�2.65±0.03�
Day 42 2.79±0.03� 2.86±0.04�2.87±0.04�2.63±0.03�
Day 49 2.80±0.06 2.78±0.062.74±0.062.66±0.03
Day 56 2.92±0.04� 2.87±0.05�2.87±0.02�2.66±0.02�

2.4 Effects of Glutamic Acid Residue on Concentrations and Absolute
Yields of �S1-Casein, �-Casein, and �-Lactoglobulin in Milk Protein
As shown in Figure 2 [Figure 2: see original paper], no significant differences in
�S1-casein concentration or absolute yield were observed among groups on day
56 (P>0.05). Compared with the control group, the 2% and 4% glutamic acid
residue groups showed an upward trend in �-casein concentration and absolute
yield, while the 6% group showed a downward trend, though these differences
were not significant (P>0.05). All experimental groups exhibited an upward
trend in �-lactoglobulin concentration and absolute yield compared with the
control group, but the differences were not significant (P>0.05).

Figure 2 Effect of glutamic acid residue on concentrations and abso-
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lute yields of �S1-casein, �-casein and �-lactoglobulin in milk protein
of dairy goats

2.5 Effects of Glutamic Acid Residue on Daily Absolute Yield of Milk
Components Milk samples collected on days 7, 14, 21, 28, 35, 42, 49, and 56
of the formal trial period were analyzed for absolute yields of milk components at
each sampling time point. The average values were then calculated to estimate
the daily absolute yields during the formal trial period. As shown in Figure 3
[Figure 3: see original paper], no significant differences were observed in daily
absolute yields of milk fat, lactose, or milk protein among the three experimental
groups and the control group (P>0.05).

Figure 3 Effects of glutamic acid residue on daily absolute yield of
milk components for dairy goats

Discussion

3.1 Effects of Glutamic Acid Residue on Feed Intake of Dairy Goats
Lopez-Campos et al. found that feeding vinasse (one of the raw materials of
CMS) to Merino sheep reduced feed intake and growth rate but improved feed
conversion efficiency and meat quality. Fernandez et al. reported that feeding
CMS to sheep did not affect feed intake, and rumen fistula experiments indicated
that diets containing 13% CMS could improve the digestibility of crude protein,
neutral detergent fiber, and dry matter in the rumen. In the present experiment,
feed intake increased in all groups, with no significant differences in average daily
dry matter intake among groups, suggesting that feeding glutamic acid residue
does not affect dry matter intake of dairy goats. This result is consistent with
the findings of Fernandez et al. These results indicate that fermented CMS raw
materials improve feed palatability without affecting feeding behavior, while the
increased microbial protein content in fermented feed enhances feed digestibility
and conversion.

3.2 Effects of Glutamic Acid Residue on Milk Yield of Dairy Goats
Research findings on the effects of glutamic acid residue on milk yield of dairy
animals have been inconsistent. Mao reported that adding 1.5% CMS signifi-
cantly increased milk yield of dairy cows compared with the blank control group,
while the 0.75% addition group showed increased milk yield but without signif-
icant difference. Mo et al. found that milk yield of dairy buffaloes in both
control and experimental groups decreased as the experiment progressed, with
the magnitude of decrease increasing as CMS addition level increased. Wu et
al. demonstrated that adding 7.6% and 15.2% CMS to diets could significantly
increase milk yield of dairy cows, showing a lactation-promoting effect. In this
experiment, no significant changes in milk yield were observed in dairy goats
after feeding diets with different levels of glutamic acid residue, which differs
from the above research results. The discrepancy may be attributed to the fact
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that milk yield is constrained not only by genetic factors but also by animal
parity, dietary nutrient levels, feeding environment, and health status at the
time of the experiment.

3.3 Effects of Glutamic Acid Residue on Milk Composition of Dairy
Goats Previous studies have shown that CMS contains 30% crude protein,
with 40%-50% being microbial protein, making it a high-quality protein feed-
stuff that can be directly absorbed and utilized by animals and converted into
milk protein, thereby indirectly increasing milk protein percentage. Guo et
al. reported that adding different levels of CMS to dairy cow diets did not
significantly affect milk fat percentage, milk protein percentage, non-fat solid
content, or somatic cell count. Su et al. found that adding different levels of
CMS to dairy cow diets did not significantly affect milk fat percentage, milk
protein percentage, or non-fat solid content. Xiang et al. demonstrated that
adding CMS to dairy buffalo diets significantly increased milk protein and milk
fat contents but did not significantly affect lactose content.

In this experiment, the milk protein percentage in the 2% and 4% glutamic acid
residue groups was significantly higher than that in the control and 6% groups on
day 35, while the 6% group showed significantly lower milk protein percentage
than the 2% group, 4% group, and control group on days 42 and 56. However, no
significant differences were observed in milk fat percentage or lactose percentage
among groups, suggesting that dairy goats exhibit dose-dependent responses to
glutamic acid residue and that excessive addition is detrimental to milk protein
production. Further analysis of milk protein components revealed that although
no significant differences were detected in concentrations of �S1-casein, �-casein,
and �-lactoglobulin among the four groups, substantial numerical variations were
observed in �-casein and �-lactoglobulin concentrations, with the highest values
observed at 4% glutamic acid residue addition. Whether feeding glutamic acid
residue diets significantly affects these two milk protein components requires
further experimental verification.

Conclusion

1. Adding glutamic acid residue to concentrate supplements can significantly
alter milk protein percentage in dairy goats but does not significantly affect
average daily dry matter intake, milk yield, lactose percentage, milk fat
percentage, or daily absolute yields of milk components, indicating that
glutamic acid residue can be used as a protein feedstuff for dairy goats.

2. Based on comprehensive analysis, the optimal supplementation level of
glutamic acid residue in concentrate supplements for dairy goats is 4%.
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