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The objective of this study was to investigate the effects of non-protected and rumenprotected gamma-aminobutyric acid (GABA) supplementation on dry matter intake
(DMI), energy balance, milk performance, and serum metabolites in transition cows.
Forty cows were blocked based on previous milk production, parity, estimated calving
date and body weight and were randomly assigned to one of four treatments and
received either no GABA (control) or were supplemented with non-protected GABA
(0.6 g/day) or rumen-protected GABA (0.6 and 1.2 g/day), respectively. The experiment
lasted from week 2 before calving to week 4 after calving. Milk yield and milk
composition were recorded weekly. Serum concentrations of GABA, neuropeptide Y,
cholecystokinin, leptin and biochemical and antioxidative metabolites were analyzed
weekly. In week 3 and 4 after calving, DMI was higher (P o 0.05) in the cows fed 1.2 g/day
rumen-protected GABA, compared with that of the control. In week 4 after calving, milk
protein yield was higher in the cows fed 1.2 g/day rumen-protected GABA than that of
the control cows. No differences were observed in the serum concentrations of GABA,
neuropeptide Y and leptin among all the treatments, while non-esteriﬁed fatty acids and
cholecystokinin concentrations decreased (P o 0.01) in cows fed rumen-protected GABA
on day 15 and 22 after calving, respectively. Serum total antioxidative capacity and
concentrations of glutathione peroxidase and superoxide dismutase were higher
(P o 0.05) at several sampling points in cows fed rumen-protected GABA. In conclusion,
supplementation of rumen-protected GABA at 1.2 g/day increased feed intake, improved
milk protein yield, and decreased non-esteriﬁed fatty acids suggesting supplementation
may be beneﬁcial to postpartum dairy cows.
& 2013 Elsevier B.V. All rights reserved.
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1. Introduction
The transition period is a critical and stressful time in
the production cycle of a dairy cow (Goff and Horst, 1997).
Body homeostasis and health are greatly challenged at
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parturition, due to decreased feed intake and increasing
milk production, resulting in signiﬁcant endocrine and
metabolic changes (Guo et al., 2007). It is reported that
metabolic signals (leptin, neuropeptide Y (NPY) and nonesteriﬁed fatty acids (NEFA)) inﬂuence feed intake of
transition cows (Ingvartsen and Boisclair, 2001). Moreover, increased concentrations of cholecystokinin (CCK)
might lead to decreased feed intake in dairy cattle (Choi
and Dohald, 1996). Cows with transition problems may
experience negative effects on production performance
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and health (Overton and Waldron, 2004). Also, oxidative
stress has negative effects on transition dairy cows
(Castillo et al., 2005). A possible relationship between
metabolic status and oxidative stress may exist in the
transition period (Bernabucci et al., 2005). Evaluation of
body oxidative status may be a complementary way to
evaluate metabolic status (Castillo et al., 2003).
Gamma-aminobutyric acid (GABA) is a neurotransmitter,
widely distributed in the central nervous system (CNS),
peripheral nervous tissue, and non-neural tissue (Martin
and Rimvall, 1993). GABA and its agonists appear to
regulate feed intake in some mammalian animals through
effects on both central and peripheral nervous systems.
Kelly et al. (1979) reported that injecting muscimol
(GABA-A receptor agonist) into the central hypothalamus
increased food intake, while food intake decreased when
muscimol was injected into lateral hypothalamus, suggesting that food intake regulatory effects of the GABA
might not be similar in different organs. Higgs and Barber
(2004) reported that low doses of baclofen, a GABA-B
receptor agonist, could increase food intake by attenuating
naturally occurring satiety signals. Moreover, GABA is an
enhancer of NPY, and is co-expressed with NPY in the CNS
(Pu et al., 1999; Shuye et al., 1999; Coppola et al., 2005). In
the peripheral nervous system, GABA might regulate feed
intake behavior through regulation of secretion of CCK
(Ebenezer, 1996), which is synthesized in type I digestive
tract cells (Liddle et al., 1986). Ebenezer and Warren (1993)
reported that benzodiazepine diazepam, a GABA-A receptor
agonist, attenuated the inhibitory effect of CCK on feed
intake in food-deprived rats. These results showed that the
GABA-B receptor may be involved in the CCK-related
regulatory mechanism.
Previously, we observed that dietary rumen-protected
GABA increased grass hay intake, milk yield, and milk
protein yield (Wang et al., 2010b). However, information
is limited about the effects of GABA in the transition dairy
cow. The objective of this study was to determine the
effects of dietary GABA (unprotected and rumenprotected) on feed intake, milk production, serum concentrations of NEFA, glucose, triglycerides, NPY, leptin,
urea nitrogen, superoxide dismutase, malondialdehyde,
and oxidative status assessed by measuring glutathione
peroxidase activity and total antioxidative capacity in
transition dairy cattle.
2. Materials and methods
2.1. Animal, diets and experimental design
Forty multiparous Holstein dairy cows (parity 2.87
0.67, BW 606757.1 kg, previous milk yield 69437
321.3 kg) were used. Experimental period included 15 days
prior to calving through 28 days after parturition. Cows
were assigned into 10 blocks based on predicted calving
date and randomly assigned within block to one of four
dietary treatments. The dietary treatments were 0 (control),
0.6 g/day non-protected GABA, 0.6 g/day rumen-protected
GABA (supplemented as 1.2 g/day of 0.6 g of GABA coated
with 0.6 g of palm oil), or 1.2 g/day rumen-protected GABA
(supplemented as 2.4 g/day of 1.2 g of GABA coated with
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1.2 g of palm oil) fed as a top-dress on TMR at the beginning
of each daily feeding, respectively. Non-protected GABA
(GABA purity499%) and rumen-protected GABA were both
commercial products (Hangzhou King Techina Co. Ltd.,
China). Rumen-protected GABA, containing 50% GABA
within an equal amount of palm oil coating, was estimated
to be 82.0% rumen-protected after in situ incubation for
24 h, and abomasal release (Rossi et al., 2003) was 92.4%
after in vitro incubation for 12 h (Wang et al., 2010a). Cows
were kept in a tie-stall barn, and were fed and milked three
times daily at 06:30, 13:30 and 19:30. All the cows had free
access to water.
2.2. Sampling, measurement, and analyses
Cows were fed a total mixed ration (TMR) for ad
libitum intake allowing 10% orts. The TMR amounts fed
and refused were recorded weekly on two consecutive
days (day 4 and 5) to determine dry matter intake (DMI).
Composition of basal diets for prepartum and postpartum
periods are presented in Table 1. Diets and orts samples
were collected and analyzed for dry matter (DM), total
nitrogen (method 984.13, AOAC, 2000), acid detergent
ﬁber (ADFom; Van Soest et al., 1991) and neutral detergent
ﬁber (NDFom; method 973.18, AOAC, 2000).
Milk yield was measured on day 4 of every week using
the Waikato Milking System Meters (Waikato Milking
Systems NZ Ltd., Hamilton, New Zealand). Milk samples
were collected from all the animals on three consecutive
milkings on day 4 each week, and analyzed for content
Table 1
Ingredients and composition of the basal diets (DM basis).

Ingredients (% of DM)
Ground corn grain
Wheat bran
Soybean meal
Sesame meal
Cottonseed
Cottonseed meal
DDGSa
Alfalfa meal
Sugar beet pulp pellet
Corn silage
Grass Hay
Limestone
Premixb
Salt
Sodium bicarbonate
Dicalcium phosphate
Composition
CP (% DM)
ADF (% DM)
NDF (% DM)
Ether extract (% DM)
NEL(MJ/kg DM)c
a

Prepartum

Postpartum

18.8
7.0
0.0
2.0
1.6
3.0
0.0
0.0
0.0
19.0
46.0
0.5
0.4
0.4
0.4
0.9

28.5
7.2
9.0
0.0
0.0
0.0
4.6
10.0
3.7
21.0
14.0
0.5
0.5
0.3
0.0
0.7

11.4
26.1
42.3
3.4
5.22

14.9
20.7
31.8
3.7
6.11

Dried distillers grains with solubles.
Formulated to provide (per kg of premix) 1,000,000 IU of vitamin A;
200,000 IU of vitamin D; 1250 IU of vitamin E; 14,000 mg of Zn; 100 mg
of Se; 180 mg of I; 3000 mg of Fe; 40 mg of Co; 3000 mg of Mn; and
3000 mg of Cu.
c
Calculated based on individual feedstuffs in China recommendations
(Ministry of Agriculture MOA, 2004).
b

Author's personal copy
D.M. Wang et al. / Livestock Science 153 (2013) 66–72

of fat, protein, lactose, and milk urea nitrogen (MUN)
(Laporte and Paquin, 1999) and GABA (Naini et al., 1993).
Blood samples were collected from the coccygeal vein
at 11:00 a.m. on day 14, 7, 0, 1, 8, 15 and 22 relative
to calving, respectively, and then centrifuged at 3000  g
for 10 min to collect serum. Serum samples were frozen
at  20 1C, then thawed and used for analysis of GABA
(Naini et al., 1993), NPY (McShane et al., 1992), CCK (Choi
and Dohald, 1996), leptin (Delavaud et al., 2000), triglycerides (Lammoglia et al., 1996), NEFA (McCutcheon
and Bauman, 1986), glucose (McCutcheon and Bauman,
1986), blood urea nitrogen (BUN; Rahmatullah and Boyde
(1980)), malondialdehyde (MDA; Zhang et al., 2006),
glutathione peroxidase activity (GSH-Px; Zhang et al.,
2006), superoxide dismutase (SOD; Zhang et al., 2006)
and total antioxidative capacity (T-AOC; Tang et al., 2009).
All the cows were weighed on day 5 of week  2, 1 and
4 relative to calving date, with the method described by
Roche et al. (2007).
2.3. Calculations and statistical analysis
Milk net energy (MJ/kg) was calculated as 4.184  milk
yield (kg)  (0.00929  fatþ0.00563  proteinþ0.00395 
lactose) (g/kg), as described in NRC (2001). Intake of net
energy for lactation (NEL) was calculated by the sum of net
energy value of each feed ingredient multiplied by DMI
and weighted by the proportion of the diet (Lucy et al.,
1992). Energy balance (EB, MJ/day) before calving was
equal to 4.184  [(DMI  diet NEL)  [(0.08  BW0.75)þ
((2  0.00159  days pregnant  0.0353)  (calf BW/45)/
0.14)  0.64]]; EB after calving (MJ/day) was equal to
4.184  [(DMI  diet NEL) [(0.08  BW0.75) þ(milk NEL 
milk yield)]], as described in NRC (2001).
All the data were analyzed using the PROC MIXED of
SAS software system (SAS Institute, 2000). A randomized
block design with repeated measures was used, with
week, treatment, and interaction of treatment  week as
ﬁxed effects, and cow within treatment as a random
effect. The statistical model was as follows:
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Fig. 1. Average dry matter intake (DMI) of transition dairy cows
supplemented without gamma-aminobutyric acid (GABA) (&) or with
0.6 g/day non-protected GABA (’), 0.6 g/day rumen-protected GABA
(999) or 1.2 g/day rumen-protected GABA (  ). Bars indicate standard
error (n¼ 10). a,b Means within the same week with different superscripts differ (Po 0.05).

increased (Po0.01) in week 4 after calving, compared
with the control group. The differences on neither DMI nor
CP were not observed across all treatments in the week 2
before calving and week 1 after calving (P40.10), respectively. Feeding either rumen-protected or non-protected
GABA did not alter EB status of the cows (P40.05,
Table 2). However, EB decreased (Po0.01) from week 2
before calving to week 1 after calving (Po0.01), and from
week 1 to 4 after calving, respectively. Negative EB status
of cows fed 1.2 g/day rumen-protected GABA was alleviated
compared to the control ( 17.57 vs.  20.92 MJ/day) in
week 4 after calving.
Milk yield during the experimental period was not
different among the treatments (P40.05, Fig. 2(A) and
Table 3). However, milk protein yield increased (Fig. 2(B),
Po0.05) for cows fed 1.2 g/day rumen-protected GABA in
week 4 after calving, compared with the other groups.
Milk composition (content of fat, protein and lactose),
MUN, and GABA concentrations were not different among
all treatments (P4 0.05; Table 3).

Y ij ¼ m þ T i þ W j þ TWij þ Eij

3.2. Serum variables

where, Yij ¼ dependent variable, m ¼overall mean, Ti ¼
treatment effect, Wj ¼week effect, TWij ¼interaction of
treatment and week, Eij ¼error term. Results are reported
as least squares means. Probability values of Po0.05 were
used to deﬁne statistically signiﬁcance and the values
Po0.10 and P40.05 were deﬁned as statistical trends.

The results of serum variables are presented in Fig. 3.
Serum CCK concentrations decreased in cows fed 1.2 g/day
rumen-protected GABA on day 15 and 22 after calving
(Po0.05). Serum NEFA concentrations decreased in cows
fed 0.6 or 1.2 g/day rumen-protected GABA on day 15 and
22 after calving compared to cows fed the control diet and
0.6 g/day rumen unprotected GABA (Po0.05). Serum GSHPx concentration was higher in cows fed rumen-protected
GABA on day  14, 0, 15 and 22 relative to calving date
than for cows fed the control diet and the diet with nonprotected GABA (Po0.05). Serum SOD concentration was
higher in cows fed 1.2 g/day rumen-protected GABA on
day  14, 15, and 22 relative to calving date, respectively,
compared with the cows fed the control, non-protected
GABA, and 0.6 g/day rumen-protected GABA (Po0.05).
On day of calving, serum SOD concentration was greater
in cows fed 0.6 g/day rumen-protected GABA than for the
control cows. Serum T-AOC concentration increased in
cows fed both 0.6 and 1.2 g/day rumen-protected GABA

3. Results
3.1. Feed intake, energy balance, and lactation performance
Effects of dietary supplementation of rumen-protected
GABA on DMI and EB status are presented in Fig. 1 and
Table 2, respectively. The DMI increased (P o0.05) for
cows fed 1.2 g/day rumen-protected GABA in week 3 and
4 after calving, compared with the control group, cows fed
non-protected GABA, and cows fed 0.6 g/day rumenprotected GABA (Fig. 1, Po0.05). For cows fed 1.2 g/day
rumen-protected GABA, DMI and crude protein (CP) intake
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Table 2
Effects of dietary supplementation of gamma-aminobutyric acid (GABA, non-protected; rumen-protected) on dry matter intake, crude protein intake and
energy balance during  2nd week before calving and the 1st and 4th week after calving.
Items

Dry matter intake (kg/day)
2nd week before calving
1st week after calving
4th week after calving
Crude protein (kg/day)
2nd week before calving
1st week after calving
4th week after calving
Energy balance (MJ/day)
2nd week before calving
1st week after calving
4th week after calving
a
b

Non-protected GABA (g/d)

Rumen-protected GABA (g/d)

0

0.6

0.6

10.9
10.7
11.6a
1.24
1.59
1.72a
9.20
 11.30
 20.92

10.7
11.3
11.6a

1.2

10.6
10.9
11.7a

1.22
1.68
1.72a

10.5
10.9
12.8b

1.22
1.62
1.74a

9.62
 10.88
 20.50

SEM

0.33
0.34
0.32

1.20
1.62
1.90b

9.20
 10.46
 20.50

0.038
0.051
0.048

8.37
 13.39
 17.57

1.800
2.636
2.092

Means in the same row with different superscripts differ (P o0.05).
Means in the same row with different superscripts differ (Po 0.05).

Table 3
Effects of dietary supplementation of gamma-aminobutyric acid (GABA,
non-protected; rumen-protected) on milk yield and milk compositions a
in transition dairy cows.
Item

Non-protected
GABA (g/day)

Rumen-protected
GABA (g/day)

0

0.6

1.2

16.4

16.1

16.6

0.55

3.63
3.36
5.10
111
13.5

3.78
3.45
5.08
109
13.8

3.82
3.49
5.10
11.0
13.6

0.068
0.160
0.013
3.6
0.61

Milk yield, kg/day 16.3
Milk composition
Fat (%)
3.69
Protein (%)
3.43
Lactose (%)
5.10
MUNb (mg/L)
117
GABA (mmol/L) 14.0

0.6

SEM

a
Milk compositions indicate the overall mean analyzed for milk
samples collected from all the animals on three consecutive milkings
weekly (4th day).
b
Milk urea nitrogen.

4. Discussion

Fig. 2. Milk yield (kg/day, A) and milk protein yield (kg/day, B) of early
lactation dairy cows supplemented without gamma-aminobutyric acid
(GABA) (&) or with 0.6 g/day non-protected GABA (’), 0.6 g/day
rumen-protected GABA (999) or 1.2 g/day rumen-protected GABA (  ).
Bars indicate standard error (n ¼10). a,b Means within the same week
with different superscripts differ (Po 0.05).

on day 15 and 22 after calving, compared with the cows
fed the control group and non-protected GABA, respectively (Po0.05).
Serum concentrations of GABA, leptin, NPY, BUN and
MDA were not different among all treatments (P 40.05)
throughout all sampling times (data not shown).

In our previous study, supplementation of 0.4 g/day
GABA increased the intake of grass hay, but did not alter
serum concentration of GABA and NPY in peak lactating
cows (Wang et al. 2010b). These results suggest that
dietary GABA may regulate feed intake through pathways
independent of NPY. It is well known that feed intake
regulation includes both long-term and short-term effects.
In short-term regulation, signals related to feed intake
from the gastrointestinal (such as CCK) and other peripheral organs regulate current DMI through effects in the CNS
(Richard, 2003). In long-term regulation, obesity signals
(such as leptin) inﬂuence secretion from hypothalamic
neurons to affect DMI (Richard, 2003). The GABA might
regulate DMI by inﬂuencing CCK secretion from peripheral
organs. In the study of Ebenezer (1996), systematic injection of baclofen, a GABA agonist, decreased the inhibitory
effect caused by CCK on DMI in rats. In the present
study, DMI of cows fed 1.2 g/day rumen-protected GABA
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Fig. 3. Cholecystokinin (CCK), non-esteriﬁed fatty acids (NEFA) and antioxidative related variables in serum of transition dairy cows supplemented
without gamma-aminobutyric acid (GABA) (&) or with 0.6 g/day non-protected GABA (’), 0.6 g/day rumen-protected GABA (999) or 1.2 g/day rumenprotected GABA (  ). Bars indicate standard error (n¼ 10). a,b,c Means within the same day with different superscripts differ (Po 0.05).

increased in week 3 and 4 after calving. Interestingly,
serum CCK concentrations of animals fed rumenprotected GABA tended to decrease at this period (Fig. 3,
P¼0.10). The CCK is synthesized by type I cells of the
gastrointestinal tract (mainly in the duodenum) (Liddle
et al., 1986). These results suggest that dietary rumenprotected GABA may increase DMI in cows by inhibiting
CCK synthesis or (and) secretion. Meanwhile, there was no
difference in DMI between cows fed 0.6 g/day nonprotected GABA and control cows (P40.05), suggesting
that non-protected GABA is degraded by rumen microbes.
No difference (P40.05) in serum GABA concentrations
may be attributed to the low amount of the supplemented
GABA (maximum at 1.2 g/day) and alternative use of
absorbed GABA for other metabolic activities.
Increases in serum concentration of NEFA may indicate
that feed intake was not sufﬁcient to meet the demands of
lactation (Ingvartsen and Boisclair, 2001). Increased
serum CCK concentration was associated with inhibited
feed intake behavior in dairy cows (Choi and Dohald,
1996). From week 22 relative to calving, DMI was not

different (P40.05) among the four treatment groups.
Serum CCK concentrations were not different (P40.05)
among all the treatment groups in this period. This
possibly accounted for the similar DMI and NEFA values
across treatments in the ﬁrst two weeks postpartum.
Serum NEFA concentrations decreased in cows fed
rumen-protected GABA in week 3 and 4 after calving
(Po0.05). During this period DMI was increased and
serum CCK was decreased. The NEFA are considered a
metabolic signal associated with negative EB (Ingvartsen
and Boisclair, 2001). For cows fed the control diet, DMI
was lower than that in the cows fed 1.2 g/day rumenprotected GABA, suggesting that more body reserves
were mobilized, resulting in an increase in serum NEFA
concentrations. These results were consistent with our
previous study (Wang et al., 2010b), that supplementation of rumen-protected GABA could effectively lowered
serum NEFA concentrations of dairy cattle.
Wang et al. (2010c) showed a possible relationship
between antioxidative status and EB. In the current study,
serum concentrations of SOD, GSH-Px and T-AOC increased
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in cows fed rumen-protected GABA, indicating that rumenprotected GABA reduced oxidative stress. Increased DMI in
cows fed 1.2 g/day rumen-protected GABA improved the
antioxidative status of transition dairy cows with alleviated
energy balance status as well. Disorder of lipid metabolism
was associated with decreased DMI in transition cows (Bell,
1995; Rukkwamsuk et al., 1999; Pysera and Opalka, 2000).
A probable relationship between metabolic status and
oxidative stress might exist in the transition period
(Bernabucci et al., 2005). Thus, oxidative stress might be a
serious problem in transition cows. Matsumoto et al. (2009)
reported that supplemental GABA had a beneﬁcial effect on
group-housed calves using an automatic milk feeder. Supplementing GABA orally not only restrained stress but also
improved secretion of IgA. In our previous study on early
lactating cows (Wang et al., 2010b), rumen-protected GABA
improved health condition of the cows. Results of the
variables associated with antioxidative status indicate that
dietary rumen-protected GABA might be beneﬁcial for the
antioxidative status of transition dairy cows.
Increased DMI in week 4 after calving of cows fed
1.2 g/day rumen-protected GABA enhanced CP intake and
energy intake (Table 2). For cows fed 1.2 g/day rumenprotected GABA, concentrations of milk components in all
postpartum period and milk yield of week 4 after calving
was greater than that of the control cows, respectively
(P40.05; Fig. 2(A) and Table 3). Thus, in the 4th week
after calving, the increased milk protein yield in cows fed
1.2 g/day rumen-protected GABA was possibly due to the
interaction of milk yield and milk content within this
week. This result is similar with our previous study in
early lactating cows (Wang et al., 2010b), in which 0.4 g/day
GABA increased grass hay intake, milk yield and milk
protein yield in lactating cows. However, in the present
study, milk yield did not increase in cows fed rumenprotected GABA. The difference might be attributed to the
different stages of lactation and different feeding strategies in the two studies. A long term study should be
conducted to conﬁrm this in the future.
5. Conclusions
Non-protected GABA had little effect on feed intake
and lactation performance in transition cows. Supplementation of 1.2 g/day rumen-protected GABA could improve
feed intake, milk protein yield, and health condition of the
cows after calving. The results under this experiment
indicated that supplementation of rumen-protected GABA
at 1.2 g/day is beneﬁcial for transition and especially for
dairy cows after calving.
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