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Abstract: The present study investigated the effects of sprouted barley (SB) with different cultivation
stages on fermentation characteristics and degradation kinetics in the rumen. The SB was cultivated
in three different stages as follows: 0, 4, and 8 days. Dried samples from each cultivation stage of SB
were incubated in the rumen buffer at 39 ◦C for 48 h in quadruplicate with three blanks. Dry matter
(DM) and neutral detergent soluble carbohydrate concentrations of SB decreased linearly (p = 0.001)
by increasing the cultivation stage, while crude protein, neutral detergent fiber (NDF), acid detergent
fiber, and hemicellulose concentrations increased linearly (p ≤ 0.001). Total volatile fatty acid and
butyrate in the rumen decreased linearly (p ≤ 0.020) by increasing the cultivation stage, while pH and
propionate increased linearly (p < 0.001). The total degradation fraction of DM and NDF increased
quadratically (p ≤ 0.003). The fraction degradation rate of DM and NDF decreased linearly (p ≤ 0.001)
by increasing the cultivation stage, while the lag phase increased linearly (p ≤ 0.010). The present
study concluded that cultivated SB at 4 days was recommended for animal feed due to the highest
nutrient degradation in the rumen without any adverse effects on fermentation characteristics.

Keywords: in vitro; rumen degradation kinetic; rumen fermentation; sprouted barley

1. Introduction

Barley grain is used as a main ingredient for several traditional foods or beverages.
The production of barley increases year by year to supply the demand market. During the
grading process for food, defective barley grains are separated and become an agricultural
by-product, mainly used as energy sources for animals. Meanwhile, hydroponic fodder
production could be an alternative approach to improve its economic value [1–3]. In addi-
tion, some of the barley grain could be pre-sprouting, pre-germinating, gape, splitting, or
skinning during harvesting, storage, or distribution due to environmental factors. Without
any processing, those defective barley grains may have low economic value and could
significantly reduce the farmer’s income. The germination of grains changes the nutrient
compositions of dry grain by converting starch into sugar, increasing protein content, or
converting protein and fat into amino acids and fatty acids, respectively [1]. Sprouted
barley (SB) is a dry barley grain that germinates and sprouts for 8 days [2–4]. It results
in green shoots and roots that can provide green fodder as a fiber source for ruminant
requirements. According to Dung et al. [3], dry matter (DM) concentration of barley grain
decreased with sprouting activity, but crude protein (CP) and mineral concentrations
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increased. Supplementation of SB in the steer diet could improve DM digestibility [4],
rumen fermentation [5], and animal growth performance [6]. In sheep or goats, dietary
SB increased total DM intake, feed efficiency, and body weight [7], and it also improved
fermentation and enzyme activity in the rumen [5]. In addition, replacing wheat bran and
wheat straw with SB had no adverse effect on milk yield and milk composition of lactating
goats; still, it showed beneficial effects on health conditions, mortalities, conception rates,
and abortion [8]. Moreover, supplementation of SB for non-ruminants such as chickens
increased the egg-laying rate, fertility, and number of hatched chicks [9].

Nevertheless, the application of SB as a feed source did not always promise beneficial
effects for the animal [10,11]. The cultivation stage of SB might be a significant influence on
the success of SB application for ruminants. It was supported by many previous studies
that reported no advantage of the SB over the barley grain because the digestibility of SB
decreased along with an increase of cultivation stage [10,11]. The structural carbohydrates
such as neutral detergent fiber (NDF) and acid detergent fiber (ADF) were reported to
increase as the growths of root and green fodder [10,11]. In the appropriate cultivation
stage, SB can present beneficial effects for ruminant diet. Therefore, the present study was
conducted to investigate the effect of SB with different cultivation stage on fermentation
characteristics and degradation kinetics of DM and NDF in the rumen.

2. Materials and Methods
2.1. Preparation of Sprouted Barley

The hulled barley grain (Youngyang hybrid) was germinated in Geochang Livestock
Center, Geochang-gun, Gyeongnam Province, Republic of Korea (latitude 35◦43′52.6′ ′ N
and longitude 127◦55′40.4′ ′ E). The hulled barley grain was washed and soaked with the
tap water containing 0.1% hypochlorite to avoid fungal contamination. Then, these barley
grains were transferred into hydroponic sprouting unit with the size 4.0 × 1.6 × 1.25 m
as length × width × height, respectively. The hydroponic sprouting unit consisted of
five shelves with the distance between shelves was 40 cm. Each shelf had two trays for
germination with each tray had size 24 cm × 4 m as length × width. The soaked barley
grains (6 kg) were spread in a tray with a thickness of 1.5–2.0 cm. Semi-automated irrigation
sprayer was used without any additional supplement and the irrigation was occurred every
four hours. The temperature of sprouting room was controlled at 21–22 ◦C with 75% of
humidity. In the present study, barley grain was cultivated for 0 day, 4 days, and 8 days.
The photograph of all cultivated of SBs for the present study was presented in the Figure 1.
The height of cultivated SB at 4 days was approximately at 5.5–7 cm, while the height of
cultivated SB at 8 days was approximately at 14.5–18 cm. Each cultivation stage of SB
was sub-sampled homogeny (2 kg) for further analyses, such as chemical composition and
in vitro rumen incubation.

2.2. Chemical Composition of Sprouted Barley

The sub-sampled SBs were dried at 65 ◦C for 48 h and ground to pass 1-mm screen
using a cutting mill (Shinmyung Electric Co., Ltd., Gimpo, Republic of Korea) according to
Lee et al. [12] for the measurement of chemical compositions. The dried sample would be
also used for in vitro rumen incubation. The DM concentration was determined by drying
sample (about 10 g) into the dry oven (OF-22GW, Jeio Tech, Seoul, Republic of Korea)
at 105 ◦C for 24 h. The crude ash (CA) was determined with a muffle furnace at 550 ◦C
for 5 h (AOAC [13]; method 942.05). The CP and ether extract (EE) were determined by
the producers of Kjeldahl (AOAC [13]; method 984.13) using N analyzer (B-324, 412, 435
and 719 S Titrino, BUCHI, Flawil, Switzerland) and Soxhlet (AOAC [13]; method 920.39),
respectively. The NDF and ADF were determined by using Ankom 200 fiber analyzer
(Ankom Technology, Macedon, NY, USA) following the procedure of Van Soest et al. [14].
The hemicellulose (HEMI) was determined by calculating the differences between NDF
and ADF. And then, the neutral detergent soluble carbohydrate (NDSC) was calculated as:
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100 − (CP + EE + CA + NDF). The concentrations of CA, CP, EE, NDF, ADF, HEMI, and
NDSC were expressed as % of DM.
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Figure 1. The photograph of cultivated sprouted barley at 0 (A), 4 (B), and 8 (C) days in the
present study.

2.3. In Vitro Rumen Incubation

The procedure of animal care for cannulated Hanwoo heifers was approved by the
animal ethical committee of Gyeongsang National University, Jinju, Republic of Korea
(GNU-191011-E0050). Two non-pregnant cannulated Hanwoo heifers were maintained at
the University farm as rumen fluid source. Daily, those heifers were fed rice straw and
concentrate mix at a 4:1 ratio with the addition of vitamin-mineral premix. Rumen fluid
was collected from cannulated heifers before morning feeding around 1 L for each cow. The
rumen fluid was placed into 2 L-thermos during the transportation to the laboratory. The
thermos was prepared in warm conditions (39 ◦C) before maintaining a similar temperature
to the rumen. In the laboratory, the collected rumen fluid was composited and then filtered
via two layers of cheesecloth. Rumen fluid was mixed with an anaerobic culture medium
at a 1:2 ratio to prepare rumen buffer [15]. The ground SB (0.5 g) was weighted into an
incubation bottle with rumen buffer (40 mL) [16]. Then, the incubation bottle was gassed
with CO2 and closed tightly to reach anaerobic conditions [16,17]. Four replications for each
treatment were used along with three blanks. The bottles were placed into an incubator at
39 ◦C for 0, 1, 2, 4, 8, 24 and 48 h [17].

2.4. Digestibility and Fermentation Characteristics in the Rumen

After incubation, bottles were opened and transferred to 50 mL conical tube to separate
orts and rumen buffer through centrifugation at 2568× g for 15 min (Supra 21k, Hanil
Electric Corporation, Seoul, Republic of Korea, with rotor A50S-6C No.6). The difference of
weight in DM basis between before incubation (dried sample) and after incubation (orts)
was used to calculate in vitro DM digestibility (IVDMD). In addition, difference of NDF
concentration between dried sample and orts was used to calculate in vitro NDF digestibil-
ity (IVNDFD). On the other side, supernatant was used to analyze rumen fermentation
characteristics such as pH, ammonia-N, and volatile fatty acid (VFA) consisting of acetate,
propionate, iso-butyrate, butyrate, iso-valerate, and valerate. The pH meter (SevenEasy,
Mettler Toledo, Greifensee, Switzerland) was used to determine pH of rumen content.
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The colorimetric method described by Chaney and Marbach [18] was applied to measure
concentration of ammonia-N. In the assigned period of incubation, the rumen buffer was
centrifuged at 5645× g for 15 min to separate the supernatant and the residue. Collected
supernatant was used for VFA analysis [16,17]. The concentrations of each VFA profile
were determined using HPLC (L-2200, Hitachi, Tokyo, Japan) fitted with a UV detector
(L-2400; Hitachi, Tokyo, Japan) and a column (Metacarb 87H; Varian, Palo Alto, CA, USA)
according to the method described by Muck and Dickerson [19].

2.5. Degradation Kinetics in the Rumen

Degradation kinetics of DM and NDF in rumen was determined by measuring IVDMD
and IVNDFD, respectively, in each hour of incubation. These collected data were calculated
into nonlinear regression procedure of Statistical Analysis Software version 9.3 (SAS, Cary,
NC, USA) to fit with the model of McDonald [20] following:

Y = A + B (1 − e − c (t − L)) for t > L

where A is the immediately degradable fraction; B is the potentially degradable fraction;
A + B is total degradable fraction; C is the degradation rate of potentially degradable
fraction; L is the lag phase; and t is time of incubation (h).

2.6. Statistical Analysis

All collected data in the present study were analyzed using polynomial contrast with
PROC GLM of SAS. The orthogonal coefficients for linear and quadratic contrast were
adjusted to account for the unequal spacing of cultivation stage (0 day, 4 days, and 8 days)
with PROC IML of SAS before testing polynomial contrast [16]. The mean data of rumen
pH, ammonia-N, and total VFA (including acetate, propionate, and butyrate) were also
analyzed using polynomial contrast to clarify the pattern by incubation hour. Its orthogonal
coefficients for linear, quadratic, and cubic were adjusted before to account for the unequal
spacing of incubation hour (0, 1, 2, 4, 8, 24, and 48 h). Mean separation was performed by
Tukey test and the significant differences were declared at p ≤ 0.05.

3. Results
3.1. Chemical Composition of Sprouted Barley

The DM (p = 0.001) and NDSC (p < 0.001) concentrations linearly decreased by in-
creasing the cultivation stage of SB (Table 1), while CP (p = 0.001), EE (p = 0.001), CA
(p = 0.020), NDF (p < 0.001), ADF (p < 0.001), and HEMI (p < 0.001) linearly increased. The
concentrations of DM (92.3 vs. 18.2%) and NDSC (65.4 vs. 33.4%) were higher (p < 0.05)
at the cultivation stages of 0 day than 8 day. In contrast, the concentrations of CP (15.5 vs.
10.1%), EE (4.23 vs. 2.93%), CA (2.90 vs. 2.28%), NDF (44.0 vs. 19.3%), ADF (20.1 vs. 5.56%),
and HEMI (23.9 vs. 13.7%) were higher (p < 0.05) at the cultivation stages of 8 day than
0 day.

3.2. Digestibility and Fermentation Characteristics of Sprouted Barley in the Rumen

Rumen pH decreased linearly (p < 0.001) in all cultivation stages of SBs over hour of
incubation (Figure 2). On 0 h of rumen incubation, the cultivated SBs at 4 and 8 days had
lower (p < 0.01) rumen pH than that of 0 day, while the cultivated SB at 4 days had lower
(p < 0.01) rumen pH on 1 to 2 h than that at 0 and 8 days. From 4 to 24 h of rumen incubation,
the cultivated SB at 4 days presented the lowest (p < 0.01) pH, while the cultivated SB
at 8 days was the highest (p < 0.01). The ammonia-N concentration increased linearly
(p < 0.001) in all cultivation stages of SBs over hour of rumen incubation (Figure 2). From
0 to 2 h of rumen incubation, the cultivated SB at 0 day had lower (p < 0.05) ammonia-N
concentration than that at 4 and 8 days, whereas on 8 h of rumen incubation, the cultivated
SB at 0 day had higher (p < 0.05) ammonia-N concentration than that at 4 and 8 days.
Similar with ammonia-N pattern, total VFA concentration also increased linearly (p < 0.001)
in all cultivation stages of SBs over hour of incubation (Figure 2). The cultivated SB at 0 day
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had lower total VFA concentration than that at 4 and 8 days on 0 (p < 0.01), 1 (p < 0.05),
2 (p < 0.01), and 24 (p < 0.01) h of rumen incubation. On 8 h of rumen incubation, the
cultivated SB at 0 day had higher (p < 0.001) total VFA than that at 8 days, while the
cultivated SB at 4 days had no different compared to other cultivation stages of SBs.

Table 1. Effects of cultivation stages on chemical compositions of sprouted barley.

Cultivation Stage, Days
SEM

Contrast

0 4 8 Linear Quadratic

Dry matter (DM), % 92.3 a 30.4 b 18.2 c 0.482 0.001 0.254
Crude protein (CP), % DM 10.1 c 12.3 b 15.5 a 0.428 0.001 0.253
Ether extract (EE), % DM 2.93 c 3.65 b 4.23 a 0.112 0.001 0.253
Crude ash (CA), % DM 2.28 b 2.66 ab 2.90 a 0.165 0.020 0.994
Neutral detergent fiber (NDF), % DM 19.3 c 31.0 b 44.0 a 0.783 <0.001 0.927
Acid detergent fiber (ADF), % DM 5.56 c 12.5 b 20.1 a 0.360 <0.001 0.781
Hemicellulose (HEMI), % DM 13.7 c 18.4 b 23.9 a 0.577 <0.001 0.961
Neutral detergent soluble carbohydrate
(NDSC), % DM 65.4 a 50.4 b 33.4 c 1.051 <0.001 0.288

a~c Means in the same row with different superscripts differ significantly (p < 0.05).

The concentration of acetate in the rumen decreased linearly (p < 0.001) in all cultiva-
tion stages of SBs over hour of incubation (Figure 3). However, the cultivation stage of SB
did not affect the acetate concentration in all hours of incubation. On the other side, propi-
onate showed the cubic pattern (p < 0.001) in all cultivation stages of SBs during in vitro
rumen incubation, which increased during 8 h of incubation and then decreased after that
(Figure 3). The cultivated SB at 0 day had lower (p < 0.01) propionate concentration than
that at 4 and 8 days on 0 and 4 h of rumen incubation, but had higher (p < 0.01) on 2 h. On
24 h of rumen incubation, the cultivated SB at 8 days had highest (p < 0.05) propionate
concentration than that at 0 and 4 days. The concentration of butyrate increased linearly
(p < 0.001) in all cultivation stages of SBs over hour of incubation (Figure 3). On 2 h of
rumen incubation, the cultivated SBs at 0 and 4 days presented lower (p < 0.01) butyrate
concentration than that at 8 days. However, the cultivated SB at 0 day had higher (p < 0.01)
butyrate concentration than that at 4 and 8 days on 4 and 24 h of rumen incubation.

The IVDMD (p < 0.001) and IVNDFD (p = 0.005) increased quadratically by increasing
cultivation stage of SB (Table 2). The highest IVDMD of SB was presented by 4 days of
cultivation, followed by 8 days of cultivation, and then by 0 day of cultivation (p < 0.05;
65.0 vs. 56.2 vs. 34.9%). The cultivated SB at 4 days had higher IVNDFD than that at
0 day (p < 0.05; 77.0 vs. 70.1%), while the cultivated SB at 8 days was not differ compared
to other cultivated days. In the rumen fermentation characteristics, the pH increased
linearly (p < 0.001) by increasing cultivation stage of SB. Otherwise, rumen concentrations
of VFA (p = 0.003) and iso-valerate (p = 0.036) decreased linearly by cultivation stage of
SB. The concentration of iso-butyrate increased quadratically (p = 0.003) by increasing
cultivation stage of SB. The highest iso-butyrate was presented by cultivated SB at 8 days,
then followed by cultivated SBs at 0 and 4 days (p < 0.05; 1.58 vs. 13.4 and 1.22%). Contrast
with iso-butyrate, concentration of butyrate decreased linearly (p = 0.020) by increasing
cultivation stage of SB. The cultivated SB at 0 day had higher butyrate concentration than
cultivated SBs at 4 and 8 days (p < 0.05; 19.7 vs. 15.5 and 15.5%). The other individual
VFAs were not affected by cultivation stage of SB. The acetate to propionate ratio decreased
quadratically (p < 0.001) by increasing cultivation stage of SB. The cultivated SB at 0 day
had higher ratio than that at 4 and 8 days (p < 0.05; 5.69 vs. 3.53 and 3.55).
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Figure 2. Effects of cultivation stages on rumen pH, and concentrations of ammonia-N and total
VFA of sprouted barley incubated in rumen buffer for 48 h. Sprouted barley was cultivated at 0 (■),
4 (▲), and 8 (•) days, respectively. Based on polynomial contrast analysis, pH and concentrations of
ammonia-N and total VFA had linear pattern (p < 0.001) by the incubation hour. Value differ between
groups within same hour * p < 0.05 and ** p < 0.001.

3.3. Degradation Kinetics of Sprouted Barley in the Rumen

In DM degradation kinetics, the immediately degradable fraction (p < 0.001), the
potentially degradable fraction (p = 0.001), and the total degradable fraction (p < 0.001)
increased quadratically by increasing cultivation stage of SB (Table 3). The cultivated SBs
at 4 days, 8 days, and then 0 day sequentially had the highest to lowest of the immediately
degradable fraction (p < 0.05; 38.4 vs. 25.9 vs. 12.2 mL/g), the potentially degradable
fraction (p < 0.05; 37.1 vs. 30.1 vs. 20.0 mL/g), and the total degradable fraction (p < 0.001;
75.5 vs. 56.0 vs. 32.2 mL/g). The fraction degradation rate decreased linearly (p = 0.010)
by increasing cultivation stage of SB. On the other side, the lag phase increased linearly
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(p < 0.001) by increasing cultivation stage of SB. In NDF degradation kinetics, the imme-
diately degradable fraction (p < 0.001) and the total degradable fraction (p = 0.003) had
quadratic pattern by increasing cultivation stage of SB, where cultivated SB at 4 days had
higher the immediately degradable fraction (p < 0.05; 43.4 vs. 23.6 and 23.0 mL/g) and the
total degradable fraction (p < 0.05; 90.6 vs. 72.0 and 78.4 mL/g) than those at day 0 and
8 (Table 3). The potentially degradable fraction increased linearly (p = 0.025) by increasing
cultivation stage of SB. The fraction degradation rate decreased linearly (p = 0.007) by
increasing cultivation stage of SB, while the lag phase increased linearly (p < 0.001).
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Figure 3. Effects of cultivation stages on concentrations of acetate, propionate, and butyrate of
sprouted barley incubated in rumen buffer for 48 h. Sprouted barley was cultivated at 0 (■), 4 (▲),
and 8 (•) days, respectively. Based on polynomial contrast analysis, concentrations of acetate and
butyrate had linear pattern (p < 0.001) by the incubation hour, while the propionate concentration had
cubic pattern (p < 0.001). Values differ between groups within same hour * p < 0.05 and ** p < 0.001.
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Table 2. Effects of cultivation stages on in vitro rumen digestibility and fermentation characteristics
of sprouted barley incubated for 48 h in rumen buffer.

Cultivation Stage, Days
SEM

Contrast

0 4 8 Linear Quadratic

In vitro digestibility, % DM
DM 34.9 c 65.0 a 56.2 b 1.268 0.126 <0.001
NDF 70.1 b 77.0 a 74.2 ab 2.014 0.286 0.005

Fermentation characteristics
pH 5.94 b 5.97 b 6.15 a 0.029 <0.001 0.097
Ammonia-N, mg N/dL 31.9 29.4 30.1 1.775 0.238 0.241
Total VFA, mM/L 108.2 a 102.1 ab 91.4 b 2.580 0.003 0.379

Acetate, % of molar 62.8 61.2 61.5 0.788 0.175 0.203
Propionate, % of molar 11.1 b 17.3 a 17.4 a 0.272 <0.001 0.145
Iso-butyrate, % of molar 1.34 b 1.22 b 1.58 a 0.047 0.300 0.003
Butyrate, % of molar 19.7 a 15.5 b 15.5 b 0.743 0.020 0.058
Iso-valerate, % of molar 3.29 a 3.13 a 2.39 b 0.287 0.036 0.249
Valerate, % of molar 1.85 1.59 1.66 0.115 0.175 0.059
Acetate:Propionate 5.69 a 3.53 b 3.55 b 0.087 0.048 <0.001

a~c Means in the same row with different superscripts differ significantly (p < 0.05).

Table 3. Effects of cultivation stages on dry matter and neutral detergent fiber degradation kinetics of
sprouted barley incubated for 48 h in rumen buffer.

Cultivation Stage, Days
SEM

Contrast

0 4 8 Linear Quadratic

DM degradation kinetics
A, mL/g of DM 12.2 c 38.4 a 25.9 b 1.228 0.793 <0.001
B, mL/g of DM 20.0 c 37.1 a 30.1 b 3.026 0.739 0.001
A + B, mL/g of DM 32.2 c 75.5 a 56.0 b 3.471 0.943 <0.001
C, %h 0.28 a 0.05 b 0.05 b 0.006 0.010 0.058
L, h 0.00 b 22.5 a 23.0 a 0.185 <0.001 0.358

NDF degradation kinetics
A, mL/g of DM 23.6 b 43.4 a 23.0 b 1.992 0.761 <0.001
B, mL/g of DM 48.4 ab 47.2 b 55.4 a 1.676 0.025 0.046
A + B, mL/g of DM 72.0 b 90.6 a 78.4 b 1.937 0.226 0.003
C, %h 0.24 a 0.05 b 0.05 b 0.031 0.007 0.043
L, h 0.00 c 20.7 b 23.0 a 0.651 <0.001 0.057

A, the immediately degradable fraction; B, the potentially degradable fraction; A + B, the total degradable fraction;
C, the fraction degradation rate; L, the lag phase. a~c Means in the same row with different superscripts differ
significantly (p < 0.05).

4. Discussion

Similar to the previous studies [3,10,11], CP, EE, CA, NDF, ADF, and HEMI concen-
trations of SB increased by more extended cultivation stage, while DM concentration of
SB was reported to decrease. As shown in Figure 1, the roots are more developed by the
cultivation stages. Generally, these roots in the hydroponic cultivation system have a higher
water-holding capacity than the stalk and leaves of SB, which could support the decreased
DM concentration in the present study by cultivation stages. The NDSC concentrations
of sprouted barley at 0 to 8 days were rapidly decreased by 30%, which might represent
the use of energy sources during germination [1–3]. These explanations also can support
the increased CP, EE, CA, NDF, ADF, and HEMI concentrations of sprouted barley by the
cultivation stages. Meanwhile, an increase in the cultivation stage produced more green
fodder carpets (roots) containing structural carbohydrates, such as NDF, ADF, and HEMI.
The concentrations of NDF, ADF, and HEMI rapidly increased at 8 days of the cultivation
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stage. From 0 to 8 days of cultivation stages, the increased concentrations of NDF, ADF,
and HEMI were 24.7, 14.5, and 10.2%, respectively. The DM, CP, EE, NDF, and ADF concen-
trations of SB in the present study differed compared to previous studies [2,9–11]. These
results might be due to the hybrid and cultivation stage differences.

The rumen pH decreased in all cultivation stages of SB over incubation hours, which
was supported by an increase in total VFA concentration [21]. In general, cultivated SB at
4 days and 8 days presented high total VFA and ammonia-N concentrations in the early
hour of incubation (4 h) than cultivated SB at 0 day. It could occur because the germination
changed the starch and protein into free sugar and amino acid [1,2,22] that degraded faster
into VFA and ammonia-N, respectively [21]. However, after 4 h of incubation, the barley
grain presented the highest total VFA concentration in the rumen. Soluble carbohydrate is
higher in the grain form than sprouted form [2,3,10], which was the main reason for this
result. In general, rumen pH in SB cultivated at 8 day was lower than in SB cultivated at
4 day. Cultivated SB at 4 day had a lower structural carbohydrate than cultivated SB at
8 day (Table 1), which could decrease the digestibility (Table 3) and produce numerically
lower VFA concentration, and then resulted in higher pH.

Acetate concentration of SB in the rumen decreased through the hour of incubation
without any influence by the cultivation stage. This decrease in acetate concentration
might be caused by decreasing rumen pH through the hour of incubation in the present
study, which agreed with the previous studies [21,23]. The low rumen pH would inhibit
the growth of fibrinolytic bacteria, where acetate was a result of structural carbohydrate
degradation by these bacteria [21,24]. The propionate was higher in the early hour of
incubation by cultivated SB at 0 day. However, cultivated SB at 0 day had the lowest
propionate concentration from 4 to 48 h. The higher propionate concentration of cultivated
SB at 4 and 8 days might be caused by the change of starch into free sugar by germina-
tion [1,2,22], where free sugar was degraded by rumen microbe into propionate [21,24].
The propionate showed a cubic pattern during incubation, which might be affected by
the changing patterns of acetate and butyrate concentrations. It also could be partially
supported by converting propionate into glucose [25] and lactate [26] through the gluco-
neogenesis of rumen microbes. Butyrate concentration increased slightly from 0 to 24 h of
incubation. However, it was lower in SBs at 4 and 8 days compared to SB at 0 day on 48 h
of incubation. In general, cultivated SB at 0 day showed a higher butyrate concentration
with lower propionate concentration than cultivated SBs at 4 and 8 days during incubation.
These results indicated that the germination could increase free sugar proportion and its
degradation in the rumen.

The IVDMD and IVNDFD of SB after 48 h of incubation showed the quadratic effect by
cultivation stage, where cultivated SB at 4 days had the highest. These results in the present
study agree with the previous studies that the germination increased rumen digestibility
because of a change of polymer nutrients into monomer or oligomer nutrients [1,2,22]. The
increased nutrient digestibility in cultivated SBs at 4 and 8 days were also supported by
the previous study, which were tested in the animal trial [4,5]. However, a more prolonged
cultivation stage could decrease the digestibility of SB due to the increase of structural
carbohydrates [1,10]. Therefore, in the present study, IVDMD and IVNDFD increased in
cultivated SB at 4 days and then decreased in cultivated SB at 8 days. In general, the results
of IVDMD and IVNDF have supported by the results of Peer and Leeson [2] that 1 to 4
days of SB cultivation were nutritionally superior for livestock diet including ruminant.

After 48 h of incubation, the result of rumen pH was supported by the result of total
VFA in the present study. A high concentration of total VFA resulting from microbial
degradation would decrease the rumen pH. In addition, the ammonia-N concentration also
influenced the rumen pH [21], but its concentrations did not differ among the cultivation
stages after 48 h of incubation. Interestingly, the total VFA concentration was a contrast
to IVDMD results in the present study. Cultivated SB at 0 day had the highest total VFA
concentration but the lowest IVDMD. Even though the grain barley highly contained
soluble carbohydrates, but it had a lot of hull (Figure 1) that could not degrade in the
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rumen. It was a reason for the low IVDMD of cultivated SB at 0 day in the present study.
The barley grain was faster to degrade but had a lower total degradable fraction than it
sprouting form (Table 3). In addition, the soluble carbohydrate of cultivated SB at 0 day
could be another reason for high total VFA concentration that is also in agreement with
by the results of Hobson and Stewart [21]. In the present study, cultivated SBs at 4 and
8 days had a higher propionate and a lower butyrate. Similar to our discussion above, these
results may be caused by the changes in nutrient forms due to germination.

Supporting the IVDMD and IVNDFD results of the present study, the DM and NDF
degradation kinetics results also indicated that 4 days was the best day for cultivating SB
because it produced the highest total degradable fraction. The present study reported that
the germination could increase the digestibility in the rumen, but the extended cultivation
stage could be the opposite result. Cultivated SB at 8 days had lower degradable fraction
than cultivated SB at 4 days due to higher structural carbohydrates, where hemicellulose
and lignin might accrue and represented in the solid root of SB (Table 1; Figure 1). Increased
structural carbohydrates (cellulose, hemicellulose, and lignin) of SB in the present study
could decrease the degradation rate and increase the lag phase of DM and NDF degradation
kinetics in the rumen, which agreed with a previous study [21].

5. Conclusions

The present study concluded that cultivation of SB at 4 days was recommended as
a feed source for ruminants. It resulted in the highest nutrient degradability without
adverse effects on fermentation characteristics in the rumen by in vitro study. Increasing
cultivation stages could decrease the concentrations of DM and NDSC but increase the
concentrations of CP, EE, CA, NDF, ADF, and HEMI. Cultivated SB at 8 days produced
a strong solid root, which resulted in a low digestibility due to the high concentrations
of structural carbohydrates compared to cultivated SB at 4 days. Generally, the defec-
tive barley grain is recommended to be processed as fodder for the ruminants, which
could increase the economic value of by-products. In addition, using defective grains for
sprouted fodder increases the nutritional values and helps to provide a good quality feed
for sustainable farming.
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