1978
Universitiy of

Mohaghegh Ardabili Online ISSN: 3116-0689

Nutrients Composition and In Vitro Fermentation Kinetic of Ensiled Wet
Barley Brewing Residues Containing Different Carbohydrates Sources

Golnaz Taasoli*® "' Najme Eslamian Farsuni2">', Mohsen Bagheri? , Parisa Darat®

and Fatemeh Khetvan Hafshejani®

, Shahryar Kargar*

1. Assistant Professor, Department of Animal Science, Chaharmahal Bakhtiari Agricultural and Natural Resources Research
and Education Center, Agricultural Research, Education and Extension Organization (AREEO), Shahrekord, Iran.
Corresponding author: Email: gtaasoli@gmail.com

2. Assistant Professor, Department of Animal Science, Chaharmahal Bakhtiari Agricultural and Natural Resources Research
and Education Center, Agricultural Research, Education and Extension Organization (AREEO), Shahrekord, Iran. Email:
n.e.farsuni@gmail.com

3. Research instructor, Department of Animal Science Research, Chaharmahal and Bakhtiari Agricultural and Natural
Resources Research and Education Center, Agricultural Research Education and Extension Organization (AREEO),
Shahrekord, Iran. Email: bagheriimohsen@yahoo.com

4. Associate Professor, Dep. Animal Science, Agriculture Faculty, Shiraz University, Shiraz, Iran. Email: shkargar@gmail.com

5. Graduated PhD Student, Dep. Animal Science, Agriculture Faculty, llam University, Ilam, Iran. Email:
Parisa.darat@gmail.com

6. PhD Student, Dep. Food Hygiene, Faculty of veterinary Medicine, Islamic Azad University, Sharekord, Iran. Email:
fatemakhetvan@gmail.com

Article Info ABSTRACT
) Obijective: Barley brewing residues or malt pulp is the agro industry by products which,
Article type: has a low dry matter (DM) content, hence making silage is a preservation method to storage

Research Article it. Due to its low energy content, it requires needs a carbohydrate source for ensiling.

Method: Wet barley brewing residues were ensiled in experimental scale. Silage additives
were malt extract powder or barley powder. Experimental treatments included: 1- ensiled
barley brewing residues containing malt extract powder and 2- ensiled barley brewing
residues containing barley powder. Silos were opened after 15 and 30 days of conservation.
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2026 and acid acetic were measured and fleig index was calculated. In vitro gas production
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containing barley powder increased over the time. Fleig index and pH were influenced by
the additive type and time and both additives decreased pH and increased fleig index over
the time. Total protozoa population and Entodinium, Epidinium and Diplodinium genera
were higher in barley brewing residues silage containing barley powder over the time.
Conclusions: Barley brewing residues silage containing a carbohydrate source can be
incorporated into in the animal diet when combined with a carbohydrate source, and
carbohydrate addition enhance preservation time in barley brewing residues silage.
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Introduction
The limitation of natural resources and rangelands clearly demonstrates the necessity of

proper utilization of crop residues and by-products of food processing industries in ruminant
nutrition, as these animals are capable of utilizing such products. Therefore, identifying their
nutritional value is of economic importance. On the other hand, the consumption of these feed
resources not only supplies part of the animals' nutrient requirements but also reduces the
environmental problems associated with them. Feeding animals with argo-industerial residues
reduce the competition between livestock and humans for food resources that are suitable for
human consumption. Therefore, given the forage limitations in the country, optimal utilization
of agricultural residue for livestock feed supply is essential. Barley brewing residue consists of
insoluble materials that remain after the extraction of malt from barley grains. Due to its high
moisture content (70 to 75 percent), it undergoes rapid fermentation and rancidity. This by-
product contains approximately 20 to 25 percent crude protein (CP) and 50 to 54 percent neutral
detergent fiber (NDF). Ensiling is a preserving and utilizing method for incorporating this
product in ruminants’ diet (Wang et al., 2020). However, due to the low energy content of wet
barley brewery (resulting from the conversion of starch to maltose and dextrin, and the removal
of these compounds as malt extract), it is preferable to use carbohydrate sources during silage
preparation. Therefore, the present experiment was aimed to study the quality characteristics
and in vitro fermentation kinetics of barley brewing residue silage containing malt extract
powder or barley powder after 15 and 30 days of silage making.

Method
Chemical composition including dry matter (DM), CP, ash, NDF, acid detergent fiber (ADF)

and acid detergent lignin (ADL) of wet barley brewing residue were determined by standard
methods before making silage. Wet barley brewing residues were ensiled in experimental scale
(2 to 3 kg). Two silage additives were tested: malt extract powder and barley powder, each
incorporated at 15 percent inclusion rate. This created two distinct treatment groups: silages
containing 15 percent barley powder and silages containing 15 percent malt extract powder.
Silos were opened and evaluated at two time points: 15 days and 30 days post-conservation,
allowing assessment of temporal effects on silage quality parameters. Post-ensiling analyses
included DM, CP, and ash, NDF, ADF and ADL were determined by standard methods. Quality
characteristics assessment encompassed both organoleptic evaluation (color and odor) and
quantitative measurements including pH, ammonia-nitrogen (NHs-N) concentration, lactic acid
concentration, acetic acid concentration, and calculation of the Fleig index. In vitro evaluation
employed gas production techniques to assess fermentation kinetics. Parameters measured
included gas production potential, gas production rate, and lag time. After 24 hours of in vitro
incubation, ammonia-nitrogen concentrations and protozoal populations were determined.
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Additionally, metabolizable energy (ME), organic matter digestibility (OMD), and short-chain
fatty acids (SCFA) were estimated using established predictive equations derived from gas
production data. Treatment means were compared using Tukey's test for multiple comparisons.
Statistical significance was declared at P < 0.05, while P-values between 0.05 and 0.10 were
interpreted as trends toward statistical significance.

Results

Analysis of dry matter content revealed that wet barley brewing silages containing malt
extract powder and those containing barley powder did not differ significantly at either 15 or
30 days after opening. However, when comparing additive types, the addition of barley powder
resulted in significantly higher dry matter content compared to equivalent amounts of malt
extract powder (P < 0.05). This finding suggests that barley powder may contribute more
effectively to moisture reduction or dry matter preservation during the ensiling process. Crude
protein percentage, ash content, NDF, ADF, lignin concentration, ammonia-nitrogen
concentration, and lactic acid concentration showed no significant differences between silage
treatments (P > 0.05). This indicates that both carbohydrate sources provided comparable
preservation of protein and fiber fractions during fermentation. Acetic acid concentration
demonstrated a time-dependent response in wet barley brewing silages containing barley
powder, with concentrations increasing significantly as silage storage time extended from 15 to
30 days (P < 0.05). This pattern suggests continued fermentation activity and potential shifts in
microbial populations during extended storage. Both pH and Fleig index were significantly
influenced by additive type and storage duration. For both malt extract powder and barley
powder treatments, pH decreased and Fleig index increased over time (P < 0.05). The
decreasing pH indicates progressive acidification during fermentation, which is desirable for
silage preservation. The increasing Fleig index reflects improved overall silage quality with
extended storage, as this index integrates multiple fermentation parameters into a single quality
indicator. Gas production potential, gas production rate, metabolizable energy, organic matter
digestibility, and estimated short-chain fatty acids showed no significant differences between
silage treatments containing either additive type or at different opening times (P > 0.05). This
suggests that both carbohydrate sources supported comparable ruminal fermentation
characteristics and nutrient availability. However, lag phase duration demonstrated a significant
treatment-by-time interaction. Specifically, in wet barley brewing silages containing malt
extract powder, the lag phase increased with extended storage time (P < 0.05). This finding
indicates that malt extract-containing silages may require longer adaptation periods for ruminal
microorganisms after extended storage, potentially affecting initial fermentation rates in vivo.
Total protozoal populations and specific genera including Entodinium, Epidinium, and
Diplodinium showed significant increases with extended storage time in wet barley brewing
silages containing barley powder (P < 0.05). This response suggests that barley powder
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supplementation may create more favorable conditions for protozoal survival and proliferation
during ensiling, which could have implications for ruminal fiber digestion and overall feed
utilization efficiency.

The results showed that the dry matter content of wet barley brewing residues silages
containing malt extract powder and wet barley brewing residues silages containing barley
powder did not differ significantly at 15 and 30 days after opening. However, addition of barley
powder compared to the same amount of malt extract increased the dry matter content of the
silage (P<0.05). Crude protein percentage, ash, NDF, ADF, lignin, ammonia nitrogen
concentration, and lactic acid did not differ significantly between silages (P > 0.05). Acetic acid
concentration in wet barley brewing silages containing barley powder increased with increasing
silage storage time (P < 0.05). The pH and Flieg index of wet barley brewing silages were
influenced by additive type and storage time; and for both additive types, pH decreased and
Flieg index increased over the time (P < 0.05). Gas production potential, gas production rate,
metabolizable energy, organic matter digestibility, and estimated short-chain fatty acids of wet
barley brewing silages with both additive types and at different opening times did not differ
significantly (P>0.05). However, with increasing storage time in wet barley brewing silages
containing malt extract powder, the lag phase increased (P < 0.05). Total protozoa population
and the genera Entodinium, Epidinium, and Diplodinium in wet barley brewing silages
containing barley powder increased with increasing silage storage time (P < 0.05).

Conclusions

Results of this study indicated that wet barley brewing silage containing a carbohydrate
source can be included in ruminant diets, and the addition of carbohydrate sources contributes
to extending the storage time of wet barley brewing silage.
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Table 2. Chemical composition (% of Dry matter) and qualitative characteristics of malt pulp silages

oSl o3 10 gl b AL e 3392 2233 Y0 glyly Cdlo W 5Uans
# ST Ol o (5415 Sxe o Suxe glas 95 3397 b o las
SEM MPS containing BP? MPS containing MEP!
Contrasts 993 993
Day Day
5 4 3 2 1 e Vo Yo Vo e
30 15 30 15 Parar.neter
<001 <001  <0.01 0.54 0.16 0.44 27.98 27.52 22.85 21.84 () i o3la
Dry matter (%)
009 027 014 0.45 0.90 055 2256 21.95 23.48 23.37 0F) p s
Crude protein (%)
007 060 005 0.61 0.17 0.13 2.95 2.84 3.05 3.38 ‘/A’\;“‘(/")
017 006 095 0.36 0.23 5.38 71.10 63.78 53.45 64.30 () 5 0298 2 Jgonsls SU
Neutral detergent fiber (%)
() g 53908 3 Jglonals L1
017 047 0.20 0.88 0.57 1.98 16.65 16.23 18.77 2057 e
007 018  0.16 0.26 0.41 0.33 1.81 1.25 251 2.06 _ () o8
Acid detergent lignin (%)
<001 <001 <001 <0.01 <0.01 0.05 3.83 4.25 3.08 371 pH
018 021 048 0.33 0.68 0.35 5.38 4.87 4.69 4.47 (igws 9 07 o) Foel 5o
Ammonia -N (mg/dl)
(S8 23l0 2,55h5 13 0,5) SV ns!
003  0.09 0.14 0.90 0.63 9.81 57.73 55.87 84.29 7753 o
(U S 83l 1 o y3) Siawligus!
084 <001 001 0.03 0.84 0.013 0.12 0.074 0.025 0.021 o
<001 <001  0.03 <0.01 <0.01 1.67 107.63 89.23 127.30 98.46 ";‘I‘fgvl:;:;

1. Malt pulp silage containing malt extract powder, 2. Malt pulp silage containing barley powder.
29 203 10 (gl o Sl b g clo ojlas ;05 1ioyd VO (gl llo Sl duglio =Y ¢ HLiSHL 51 a Yo 900 (slajg) 5o o> j35 2o )3 VO (ghyls Clo Sl duylio =Y ( LESL 5l an Yo 5 V0 slajgy 1 9> o ojlas ;00 1oyd VO ()b o Sl duglio =Y : Jiue Sluglie”
29> 5 2oyd V0 ghls o Sl b HLiSiL 5lan Ye 900 slaje;y 1 g3 Cllo ojlas j3gy dio s VO ()b o Slaw dunlio =0 5 LLiSL 5lan Yo o) 50 92 505 2o)d V0 syl o jlws b g o ojlas 135y 2oy VO (ghyls o i duolio =¥ ¢ LLiS3L 51 an VO o) 40 o>
2USL A Y 90 slajy,
*1. Contrast between malt pulp silage containing malt extract at day 15 vs day 30, 2. Contrast between malt pulp silage containing barley powder at day 15 vs day 30, 3. Contrast between malt pulp silage
containing barley powder or malt extract powder at day 15, 4. Contrast between malt pulp silage containing barley powder or malt extract powder at day 30 and 5. Contrast between malt pulp silage
containing barley powder at days 15 and 30 vs malt pulp silage containing malt extract powder at days 15 and 30.
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Table 3. In vitro gas production parameters of malt pulp silages

sls Sl 20,310 1,15 dlo A s 20,310 1,15 Cdlo A U
# 8o Sl e (5,Id Sro mlaw Jivesy 9 109 b o las ;59
SEM MPS containing BP? MPS containing MEP?*
Contrasts 39 39
Day Day
e Vo Yo Vo Al 4
5 4 3 2 1
30 15 30 15 Parameter
032 071 034 039 005 13.05 85.72 99.64 90.30 77.87 (St ke 5 s VO /5 ) SE Mg Jondliy
Gas production potential (ml/250mg DM)
089 018 091 064 014 0.12 0.18 0.12 0.39 0.10 (Ebo 2 20,3) 56 2gi IS oo
Gas production rate (%/h)
<001 088 <001 039 <001 0.49 0.75 0.24 0.84 2.64 (cols) 22U 56
Lag time (h)
059 051 090 016  0.10 2.45 9.02 3.29 11.48 3.79 (s 2 p S ko) S Wigel 05030
Ammonia-N (mg/dl)
i 35919 (gLrdsw] )8
Estimated Parameters
023 052 029 038 0.94 1.18 7.42 6.00 8.35 8.14 (S oale m%l{ﬂ J935e) jlwgcd g i (5551
Metabolizable energy (MJ/kg DM)
023 049 031 046 091 12.25 53.16 40.89 63.75 62.38 el Jlesle sl
Organic matter digestibility (%)
72550065 02 gl
031 038 052 095 0097 0.57 1.61 1.56 0.98 0.94 (i oole 5 o YD+ [ Jgo_ o)

Short chain fatty acids (mM/250 mg DM)

1. Malt pulp silage containing malt extract powder, 2. Malt pulp silage containing barley powder.

o ojlas 35 1o > VO (gyly o law dunlio =¥ ¢ HLESHL 5l am Yo 9 V0 (cbajey 50 o> 5050 a0y VO () o Sl dunlio =Y ¢ HLESSL 5l am Yo 930 slajg)y )0 9o o ojlas j0g 2o )d VO (gl cdlo flw duolio =Y : Jatue Slunlis®

2 g o ojlias jdg 2oy VO (ghls cllo Sl auslio —0 5 LESHL 5l dm ¥r oy 50 63 y0e 2oy VO gl o o b g o o)las j3g dio )3 VO (gl cllo Sliw auglio —F ( GLESSL 51 am VD 9y 40 g5 yde o3 V0 ()b o Sl b o>
. - (LIS A ¥ 910 glajo) 13 g2 39 103 WO (gl clle Sl b QLES3L ey e 9 00 (slajs,

*1. Contrast between malt pulp silage containing malt extract at day 15 vs day 30, 2. Contrast between malt pul)p silagé containing barfey powdér at day 15 vs day §O, 3. Contrast

between malt pulp silage contamm% barley powder or malt extract powder at day 15, 4. Contrast between malt pulp silage containing barley powder or malt extract powder at day

30 and 5. Contrast between malt pulp silage containing barley powder at days 15 and 30 vs malt pulp silage containing malt extract powder at days 15 and 30.



Vel ¥ oyloud ) 090 (ol pade (oi sloaisl \Y

(Log 10/g digesta) (5 cygp baslowd 13 yomwlipSil Ceslw YE 51 (uy Cdlo A5 gL 5Unw T95479 0 Coror £ Jgia
Table 4. Protozoa population of malt pulp silages after 24 hours of incubation under in vitro condition
(Log 10/g digesta)

10 elyfs o jllps 209 V0 S Sle o

#JBnno Sl o (5415 Sxe o slbs 9> 1091 Mo yd g o b"mj‘; ).:9;
s MPS containing BP? MPScontallnlng
MPE
Contrasts SEM 39, .
Da 9
y Day
e Vo Yo Vo vl y
5 4 3 2 1 i
30 15 30 15 Parameter
19599951 Canrosr JS
093 0.13 0.10 <0.01 0.87 0.14 2.83 2.11 2.50 2.46 Total protozoan
population
0.74 0.18 0.09 <0.01 0.94 0.15 2.75 1.99 2.43 2.41 H.’"Ji.:em
Entodinium
013 005 - <001 021 028 146 0 0.53 0  poedshed
Diplodinium
W)
006 002 075 002 075 013 198 1.46 1.46 1.40 o
Epidinium

1. Malt pulp silage containing malt extract powder, 2. Malt pulp silage containing barley powder.
VO slajey 1 9> 135 1oy VO (gl Clo Sl duslie =Y ¢ SLiSL 5l an Ye 910 slajs, 13 5> Cllo oylas ;35 20)d VD (ghyls o Ui duglio =Y i luldo®
shby cdlo law aunlio =¥ ( LLESHL 51 ax VO oy 50 53 j0e o pd VO (ghyld b Sl b g clo o)las (05 o )d VO (gyly cdlo Ui auglio —¥ ( LESHL jlan Y.
Yo 930 slojgy 40 o <l ojlas j3g) o3 VO (gl)h o Sl aunlio =0 g HLiSHL 5l Yr joy 10 63 1391 1oy VO ()b o 5l b g5 clo oylas )0 do)> VD
. . (2L L Sl A Yo 5 00 (glajg) )3 o> )3g 203 VD gl o Sl b LS 5l am
*1. Contrast between malt pulp silage containing malt extractat cfay 15 vs'day 30, 2. ontrast between malf pulpsilage
containing barley powder at day 15 vs day 30, 3. Contrast between malt pulp silage containing barley powder or malt
extract powder at day 15, 4. Contrast between malt pulp silage containing barley powder or malt extract powder at day 30
and 5. Contrast between malt pulp silage containing barley powder at days 15 and 30 vs malt pulp silage containing malt
extract powder at days 15 and 30.
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