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Fig. 1. The damage improvement experiment of pangola grass haylage. Left: poking small holes (< 2 mm) on haylage surface, 

Middle: reagent treatment and sealing, Right: investigation of damage situation.
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1. 

Table 1. Variation analysis of damage rate of pangola grass haylage with different treatments.

Source DF SS MS F Pr > F

Chemical 2 2.11718750 1.05859375 10.42 <.0001

Seal 3 3.95182292 1.31727431 12.97 <.0001

Storage 2 3.98046875 1.99023438 19.60 <.0001

Chemical × Seal 6 1.21614583 0.20269097 2.00 0.0694

Chemical × Storage 4 0.27343750 0.06835938 0.67 0.6116

Seal × Storage 6 0.49348958 0.08224826 0.81 0.5637

Chemical × Seal × Storage 6 0.49348958 0.08224826 0.81 0.5637

Error 156 15.84375000 0.10156250

DF: degree of freedom, SS: sum of square, MS: mean square
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Fig. 2. The effect of reagent and sealing time on spoiled percentage of poked pangola grass haylage. D0: process reagent 

treatment and seal immediately after poking a hole, D1: process reagent treatment and seal after 1 day of poking a 

hole. D3: process reagent treatment and seal after 3 days of poking a hole, D7: process reagent treatment and seal after 

7 days of poking a hole.
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3. C

A P D0 D1 D3 D7 2

Fig. 3. The effect of reagent (up), seal time (middle) and storage (down) on spoiled percentage of poked pangola grass 

with different letters differ (P < 0.05)
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2. 

Table 2. After removing damage part, the fermentation quality of panola grass haylage used in this study .

Item Dry matter pH Score Acetic acid Propionic acid Butyric acid Lactic acid

% --------------------------- % dry base ---------------------------

Mean 48.93 4.83 89 0.33 0.03 0.04 1.57

Min. 46.20 4.44 77 0.18 0 0 1.11

Max. 52.70 5.37 100 0.42 0.07 0.11 2.53

2019

2020 3%

Tabacco, et al., 

2011; Auerbach and Theobald, 2020 Moon 1983

Rotz and Muck, 1994; Ohmomo et al., 2002; Coblentz and Akins, 2018

3 0 3 7 3

231

6 8 PE

Nath et al., 2018; Borowski et al., 2021

2mm

1

2018  51(4) 286-292

2020 53(3) 141-

148

2019

48(1) 1-15.

2020

49(3) 197-222.

1995 41

Auerbach, H. and P. Theobald. 2020. Additive type affects fermentation, aerobic stability and mycotoxin formation during air 

exposure of early-cut rye (Secale cereale L.) silage. Agronomy 10: 1432.

Bates, D. B., W. E. Kunkle, T. E. Dawson, A. Berthe, S. C. Denham, C. G. Chambliss, R. C. Cromwell, J. G. Wasdin, and D. L. 

Wakeman. 1989. Round bale silage A forage harvesting alternative. p. 45-50, in Proc. 38th Annual Beef Short Course. 

Univ. Florida, Gainesville, FL.

Borowski, S., J. Kaszkowiak, and E. Dulcet. 2021. How to harvest haylage bales in sustainable agriculture. Appl. Sci. 11: 

11508.



112

Borreani, G., D. Giaccone, A. Mimosi, and E. Tabacco. 2007. Comparison of hay and haylage from permanent alpine 

meadows in winter dairy cow diets. J. Dairy Sci. 90: 5643-5650.

Coblentz, W. K. and M. S. Akins. 2018. Silage review: recent advances and future technologies for baled silages. J. Dairy Sci. 

101: 4075-4092.

Jones, D. W. and J. J. Kay. 1976. Determination of volatile fatty acid C1-C6 and lactic acid in silage juice. J. Sci. Food Agric. 

27: 1005-1014.

Moon, N. J. 1983. Inhibition of the growth of acid tolerant yeasts by acetate, lactate and propionate and their synergistic 

mixtures. J. Appl. Bacteriol. 55: 454-460.

Muck, R. E. 2013. Recent advances in silage microbiology. Agr. Food Sci. 22: 3-15.

Nath, C. D., M. A. Neres1, K. C. Scheidt, L. dos S. Bersot, S. M. M. Sunahara, J. R. W. Sarto, J. R. Stangarlin, S. D. Gomes, 

M. J. Sereno, and A. P. Perin. 2018. Characterization of Tifton 85 bermudagrass haylage with different layers of 

Ohmomo, S., O. Tanaka, H. K. Kitamoto, and Y. Cai. 2002. Silage and microbial performance, old story but new problems. 

JARQ 36: 59-71.

Rotz, C. A. and R. E. Muck. 1994. Changes in forage quality during harvest and storage. In : Forage quality, evaluation, 

and utilization. Eds. Fahey, Jr. G. C., M. Collins, D. R. Mertens and L. E. Moser. American Society of Agronomy, Inc. 

Madison, p828-868.

SAS. 2002. SAS ver. 9.0. Statistical Analysis Institute, Inc., Cary. N.C. USA.

Tabacco, E., S. Piano, A. Revello-Chion, and G. Borreani. 2011. Effect of Lactobacillus buchneri LN4637 and Lactobacillus 

buchneri LN40177 on the aerobic stability, fermentation products, and microbial populations of corn silage under farm 

conditions. J. Dairy Sci. 94: 5589-5598.



113

Discussion on the preservation of pagolagrass haylage by 
(1)

 Shu-Min Wang (2)(3)   and Chia-Sheng Chen (2)

Received: Aug. 2, 2023; Accepted: Nov. 17, 2023

Abstract

of haylage during storage is very common and almost unavoidable. Therefore, in this study, a diameter of 90 cm medium-

seal time and storage on the damage rate of these small holes in the haylage. The 3 reagent treatments were control (no 

reagent), acetic acid and ammonium propionate. The 4 seal times D0, D1, D3 and D7 were sealed immediately, 1 day, 3 days 

and 7 days respectively after poking and reagent treatment. The storage periods were 42, 90 and 231 days after poking. The 

results showed that the damage rate of poking holes were different by different treatments. The spoiled percentage of control 

was higher than the other two reagent treatments (acetic acid and ammonium propionate). The spoiled percentage increased 

as seal time and storage period increased. Generally, the hole was sealed sooner and stored shorter the result was better. Using 

acetic acid or ammonium propionate then seal was better than control. After removing the spoiled part, the fermentation 

quality of these haylage was still kept at a good level which means the treatments used in this study were effective on haylage 

conservation.
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