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Studies on the factors determining the quality of silage,
Hiroshi Sutcr

Analyzing the samples of silage obtained from dairyfarms in different districts of
Japan and from the laboratory, the author investigated into factors that determine
the quality of silage; and the results obtained on the quality of silage in various
positions in a silo, the change of quality after the removal of silage from a silo, the
relationship between the pH value and the ammoniac nitrogen content, and also the
result of appraisal of silage by means of FLIEG’s method are described in this paper.

The results are summarized as follows :

(1) It is rarely possible to state that the quality of silage is always homogeneous
throughout in a silo from the upper to the bottom layers, not to speak of the surface
spoilage. On the average, the pH value of silage in the middle portion is lower than
that in the outer, although it cannot be stated that the difference is always signifi-
cant. ‘

(2) In winter season, the change of quality of silage is rather little within about
a week after the removal of silage from a silo, if the silage is preserved without
exposure to air. It is suggested therefore that an amount of silage for a few days use
may be removed at a time for the purpose of labor-saving.

(3) A significant pesitive correlation, #=-0.603, was found between the pH value
and the ammonia nitrogen content ($<0.001).

(4) Examples of the results of the appraisal by means of Friee’s method are pre-
sented in Table 9.

A significant positive correlation has been found between the results of appraisals
by means of FLIEG’s method and those obtained by GNEIST’s.

When the two series of results of evaluation were different, the values obtained by
FLiEG’s method were slightly higher than those by GNEIST’s.
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Table 1. The Quality of Silages in Various Layers in a

Layer and Lactic| Acetic Acid | Butyric Acid Evai;:
No. TSin]):ogf Portion in pH Mlii’z’er Acid Total [~ -
S a Silo (Free)| Free }Combnd. Free |Combnd. Mark
% % % % % % %

A Mixture | Top : Middle 4.6 | 15.23 | 0.36 | 0.13 | 0.03 | 0.63 | 0.76 | 1.9 4

of
11 | Sudan Grass | 3rd : Middle 4.6 | 14.06 | 0,31 1 0.32 | 0.24 |0.52| 0.74 | 2.13 4
and

Green Maize | Bottom : Middle | 4.6 | 14.77 | 0.48 1 0.23 | 0.36 | 0.44 | 0.77 |2.28 4

Tep : Middle 4.6 | 14.89

(=]

.17 )0.20 | 0.11 | 0.38| 0.62 | 1.48 4
13 Ditto
3rd : Middle 4.6 | 15.10

<

.26 [ 0.24| 0.65 |0.45| 0.36 | 1.96 4

1 {Middle 4.4 | 16.16] 0.46 1 0.86 | 0.46 | 0.04| 0.14 |1.9% | 23
3rd :
17 | Green Maize Side 4.1 16.35,0.99 | 0.52 | 0.59 |0.24| 0.08 |2.42| 32

Bottom : Middle | 4.0 | 17.87 | 0.95 | 0.28 0.16 |0.04| 0.03 |1.46 38

o | Swest Potato | 5 4. {Dﬁiddle 4.3]13.34|0.41 | 0.10| 0.07 |0.01| 0.01 |0.60| 31
Vines Side 3.9/16.13}0.52 | 0.11 | 0.12 |0.00| 0.00 |0.75| 38
A Mixmre Top {Dﬁiddle 4.1]15.920.99]0.29| — j0.41| 0.1t | 1.8 | 26
of . .
75 | Green ﬂfaize Side 4.0119.21 [ 1.30 | 0.12| 0.12 | 0.271 0.32 |2.13| 27
an .
‘ Green Soy | 5. {deddle 3.70117.78 | 1.68 | 0.20 | 0.02 | 0.17| 0.02 |2.09 30
Bean Side 3.7/18.18 | 1.71 | 0.18 | 0.06 |0.17| — 212 31
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24D D. Table 2. A Comparison of pH Values of
FA—E (E) o2 ki Silages in Various Portions.
EEL A 1 =1 1 FEACL &
FERTE, RtEaddh, £ Portion
PR TRTEALDS. No. Type of Silage Yayer Tnter
3 Middle diate Side
W o4 v 14FEronT, [ medi
. . b p— A Mixture of
—ECEGEFEROPHMEAE | Chinese Milk-Vetch, | 4th 53 | _ | 53
L7efsRix, Table 2080 T Greon Qat end ' ‘
Rice Straw
5. (B L O (17 A Mixture of Green
ZE5 % hEFER Intermediate & b Malzecarr;csiSSudan Top 4.2 — 4.6
L 7). c ” 3rd 3.7 3.7 3.7
COFRERNDEHEERD D & d » 3rd 4.3 4.2 4.9
Table 3O &% hTHS. Top 46 | 46 | 7.2
b o pH oEOHEEES
~Wbop ROZOHRIEL e ” 3rd a6 | 47| a9
Wi, Table 40 &k b
- Bottom 4.6 4.7 4.8
D5
CORRTIE, ArRA—F . {TOP 46 4T 1 50
K3z vy v—o0 pH AR, |{3rd 4.6 4.6 4.7
Jig{EIC-O\WT B ILE EH P OES g | Sweet Potato Vines | Top 3.6 4.0 4.7
Silo 2nd 5.0 4.8 4.7
h Green Maize 3rd 4.9 4.7 4.1
ation
e Type of Silo Bottom 4.7 4.7 4.7
Class
Top 4.3 —_ 3.8
Inferior g:ﬁﬁi‘ﬁﬁ;iﬁﬁe; i Green Maize 3rd 4.4 — 4.1
Inferior Bottom 4.0 - 5.0
Inferior Sweet Potato Vines 3.8 4.3 5.8
] Rectangular Shape k |Grated Sweet Potato 4.1 4.3 4.7
Inferior (123 S 122¢m)
om x Leacm 1 Sweet Potato Vines | Top 4.7 4.8 4.8
Inferior
m " 4.3 — 3.9
: Cylindrical Shape X
Satisfactory Tower) A Mixture of Green | Top 4.1 — 4.0
(185cm x 424¢cm) n Maize and Green {
Good Soy Bean 3rd 3.7 — 3.7
Very good
Good %{éﬁ’;ﬁfﬁéiﬁpe Table 3. Mean Values of pH of Silages
Very good in 3 Portions.
Middle Intermediate Side
Good Cylindrical Shape
7 Mean ”n Mean n ‘ Mean
Good (136cm % 287¢m)
Good 221 4.32 4+ 0.45 | 14| 4.43 £ 0.33 f 22 | 4.57 4 0.64
Good
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Table 4. Significance of Differences of the Mean Values.

Difference |2 p m+n

Middle Portion and Side Portion —0.25 1.495 $#>0.05 44

2, BB X D/ v, BREEAEVDIRZEIEELERVWC L ERTIOTHSD. A
Bwnwhi, Table 1 X+ 4 rvNOE - & - TR EBO pH B8 LT, AKkoc &
BnLBL5THSB.

Ot bEET LY, AFRBEEEMNL TR EEITZ R 425 E%2 30, —Rc+ 4
v OWERMOBEERS PRSI onT, citk k- B - TR, d3niEde - BEEssr
SOEE, WML LoT, RCHBEORE L, RUMACHE T2200RFET5C:X, &
LI EE#EO LD BbiLa.

0. =L —~JHRYBLEBOREDEL

Ty V- P REFREBCHRETREARE, ¥4 bHRIHLT, EbEET2005E
THBH, PEGPERETE, MASE—HCHRHLT, A%< BRI b IR I LERFL,
INEE2BTLYHD, 2REDTEHCEN, HHEOEAENLENTHS EE2 BN
4t DHBOT, TOMKLED IS A RELOEB D2 EMB D, EREiTok.

(A FAlrveEracszvyr -

19534710 H 17 BEEEY 4 = (1.77mXx4.00m) 1 4,500kg O E0b T A#. 195442
BQIATERY) =y v YOPEHCHEIE T L pERBE LD, kg Aen 77 ViKC
a5, 6%, BEEHOMRMLTWER (15°C LT) &ff#EFL, 488 148F0
BwWwToamHIcg L2, 2o#ERIE Table 5 0B ) TH%. HLEFOHLE L SHER &
L7z,

Table 5. Changes of Quality after Removal of Corn Silage from the Silo (1).

N g:risovaaflte;f . Dry Lactic Acetic Acid | Butyric Acid Potal Evaluation Not
0. Qi Tae p ; ota, otes
Sslilaé,e from the Matter, Acid Free ‘Combnd. Free |Combnd. Mark!l Class
: % % % % % % % -
The appointed A 7 _ Very Clean, acid
1| o eppoinicd 14.1/18.43 1.39'| 0.34 0.05 | 0.03 181 39 |Vay | Clean, acid
2 Aftef(ﬁa‘iiﬁsa 4.1 19.91/ 0.91 | 0.22 0.07 {0.08 0.02 | 1.30 38| * "
3 After(ﬁafi}yfs) 4.1 20,53 1.35 | 0.27 0.13 | 0.0l 0.05 | 1.81 38| * ”
Mold on the
4 Afte(hfmia{%) 4.117.32 1.09 | 0.31] 0.15 |0.04 0.03 | 1.62 38| ” |surface of the
mass
5 Afte(eraicdhaﬁ) 4.1 16.16| 0.96 | 0.34/ 0.10 | 0.05 0.05 |1.50 37| ” »”
6 Af“a/égcgaﬁ) 5.1 14.36 0.26 | 0.06 0.10 | — | 0.08 | 0.50 14 Mef; ”

LinLCer 77T URIC BT 280, REBBELZLOCACERZDOTHEM, 8%
TRMANLE = > > v~ PEFOFHEI DO,

CORERIVEETZ, XFERYBLEOERETHENE, SEACHE D L2EEL
BARNWEOEFEZ BND.
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(B) £@EHR X 2EGRER
EA AT, PYEray - X—Fr I RBE, FUSAEYL, Ly Fory - DERR
B LBaoiREn Table 6 023 ) TH 5.

Table 6. Changes of Quality after Removal of Silage from the Silo (2).

Days after . . . . .
T ) IRemoval of ] Dry )Lactic ‘Acetlc Acid Butyric Acxd\ Evaluation Notes
ype of Silage Si H . Total e
i ageérfm Matter| Acid Free Com ‘ Free}c m- Mark| Class (Conditions)
the Silo
A Mixture of [The appo- % % %) % % % % Ver ’
Green Soy Bean,| inted Day| 3.7 18.35 1.45 | 0.40 0.11 | — | — | 1.96 35 G};OdSample:
Green Maize and| (Dec. 18) Loosely
Sudan Grass In 5 days . wrapped
(Silo : (D 24) 4.0/ 18.11 1.49 | 0.51 0.01 | 0.03) 0.04 | 2.08/ 38 up in a paper
1.20m x 3. 00m)| \~ %%
Sweet Potato (If)ei d*}g) 4.3 21.89] 0.41 | 0.25/ 0.29 | 0.08 0.13 | 1.16 28 | Good |Sample :
(Silo : Semi- ‘Iv];(;;[;lgéetely
underground)| In 4 days Satis- :
(1. 21m x 2. 42m)| (Dec. 21) 4.5 22.91) 0.17 | 0.27, 0.08 | 0.08 0.09 | 0.69 22 factory up in a peper
Chinese In 8 days ‘ _ J Very XSample :
Milk-Vetch (Feb. 3) 4.1 27.90| 1.97 | 0.59, 0.45 0.013.02 39 )"" 4 Tightly
(Silo : J wrapped up
Underground)|In 17 days o . in a vinyl
(L.36mc 1. 82m)| (Feb. 1hy| 41 27.75 2.23 | 0. 85’ 0.23 3.31 40 e
In 13 days L Very
Stover (Jan. 1) 3.6/ 27.70, 1.53 | 0. 33| 0.08 194 34 "G 0a Sample :
(Silo : In 30 days Padfied 11131 .
1.52m x 3. 03m) (Jan 1¥7) 6.2 28.17 0.08 [0.004 0.061/0.025 — | 0.17] — [Inferior, "20€®R DOX

EBLZNOOEBFTITAEY A=V ~JF, TSN TCERSNCBDTH D,

cOfERE, pPH 0/ E32301%, HA)ECWEREET2 L, REOEBI R, FF2
NZZEERLTNS.

MEDPED Lok, AESAREHCLT, EEREINS XD ALELEWTR, &
AEDIBRIE L, B b O & HEZ N, pH BWhEWEFL > v V- P 2 TERAREOES
%, HEMELBLLAVWC EPBHbNS.

¥ o -oOWT, pH oA EIFE LT, OBy AELE L EEE Table 7 ©
EEDVTHSE (TR TwhRnwarE LEEe).

Table 7. Changes of pH Values after Removal of Silage from the Silo.

No. Silage The aﬁromed e ek ook il
1 Green Maize 4.1 4.1 4.1 5.3 —
2 ” 3.6 3.6 3.6 — 6.2
3 ” 3.6 3.6 3.6 3.9 —_
4 ” 3.9 3.9 — — —_

5 ” 3.7 4.0 — —_ —
6 | Chinese Milk-Vetch 4.1 4.1 4.1 4.1 —

bz vr—COBEHEEE£L L, i/*tn':éufi@a%i:% LO0EBEENLTHEOVEEZ LN
EEOLNBY, CORRTE, MYHLEAL, 1EEMAORETE, AEAERAELAVWE
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L EOfREND, £OBEFELEWTE, Y BELE, BEEEEECEL, BKELZISHR
Beshkond, RE>REOH B A FREINI O HET a2 LS.

ERRCZHENOFR LR ERT, BESEE DV 2EDT, ZIHUTERL TS, REBZE
BERBWEEZZBNLE.

mEEED BN, BER UL BEEEEL 2854, AH4AEEOD LICKE IS NEE,
B OSEBELZ BB, =ry v POREPEELWUEREN ETANE, HXRL WS
MENWEEZ TINWTDAS.

. pH i 7 E-PREEFESEL0ES

=y VP OREORTREAEOSHORE, cilnb IbSBrEATRETST v
==t (EREEE) OLED, HErERETIET, #iETIE, AEo—EELn3c ik
BEECHEBLESETATES. ‘

AD. S AW CRFEEZOIRTLLT, £248F T3 Tre=yHEE0o LD 584
ZHTL, DIRSTRAR® 3 7T v ==Y OBV HECER T2 c & 8 ®, FLre V)EZMgO-
NoO&EY, GEERCEERIOTHS LBNTnE. Lno K &, RE=v>v—-21,
TyE=TEN/A&N-10 OFEVBOUTTHRINEABAEVWE WA, ARCHIBALD K 5'® TR
BrxyyL—POBEO1 0L LT, Tre=v:LTaErdbblind® (EREES),
TR L, 0.5 2 WLENBTTChE &2 TnE.

CNBDC LEFEELD E, VY FLOMOEELET 110 A=y L - SEEI O
WT, Trea=vHBERL2EFEREL, pH Mi:OBEREBEL, LOMCEEATIOHEECH
Br eI .

TR ABEHOEM CERFERE T L. TALPEERTN rver2>, &
MAER, 7Y, Fl=vA7, vy, Bltveray—FURE—2—5 >/ 7 2
&, TEE, FMrvEeay—FAMRERE, FVYSIETVIL, B, Fr4TN, 7R, F
TE, MM, FArvEra>—REITESE, 20TV [T, 1EXI3OITEGZ SR
AHPCHBELZ. LHLTTYE=7vOEREIE MgORMe X 2%, pH ZHEFEER pHER
WRC XoTHIE Le. i EOERCOWTRMHRICE~%L 51K, KEORBRIKY BT
ErIBuLTEI5EELR. ,

ZOFERE: Table 8 O &% D THB.

Table 8. Correlations between the pH Values and the Ammonia
Nitrogen Contents of Silages.

Range

pH ! Content

7 [ #] P Notes

NH;-N Content

pH and NH;-N Content| 62 Fresh |3.4~5.5 6~280m3% |4-0.788 9.915p <0. OOIMean 55, 2m9 9,

” 62 gfttgrwasriys 3.4~5.5 10~900m9% |-+0.603| 5.857\p <C0.001 ”  223.4mggy
. NH;3;-N in 9% of

pH and Amrfnol{nfl 11:11 62 3.4~5.5 44094 |+0.505 4.152p <0.001Total N
in percent of Tota | Mean 18.89

cofERE pH i Rens s, 7Tye=vRERORBWRTL, LERCTTET v=E=
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FHED M )s f%(ﬁ%t&&?bfmé CHRFICH L 7eE b E—5 L™, pH HOH
wWisnige , BEREOSEN IV 4 BRI EE L b, BETFORKL £ NEHE 2
hs. 3‘71549*57’/% THEEROERRE KL=y v~ ORBECERTS TRF&EEZ,
PP ESIODOEFL ND T RO LI Y TH B,

V. pH HZERICTIREETL, BMEE (HB) DhEC L& mc':@,tb'éi'é

=y v—o@pHIE X, 2ORErm3 e, O TENRARNFTHS C &L, AERFE
OHBE 52 L XDTHELNTHS.

L2 UIELE pHARCFATE Y2 X5 AR ET2 L eBRLE. cnbo zaw
WTOFEHIICOWTIE, ARHAEZET S & E 50, Fuee XWX, MEEEE, ﬁilb%

BEBOEBOREOHICLZOB I VLTS,

Wz FriEc KOEEEY X v fiok, HEEOERGI T & Table 9 ©&%h TH 3.

Table 9. Examples of Appraisal by Means of Friee’s Method.

Dry “1In % i
No. Silage Matter | Acid % |mEq. \ Total |of Total| Mark Class ‘ pH
Og Amd
| A gﬁfﬁ‘gz Lactic | 2.70 | 29.98 L8 | 10
497 | Milk-Vetch | 21.0 | Acetic | 0.30 | 6.00|35.93| 17 105 40 ggf}é 3.8
and | .
Green Oat ! Butyric 0 0 0 [ 20
Lactic | 2.29 | 25.43 | 66 5
202 | Green Barley | 12.73 | Acetic 0.65 | 10.33 | 38.76 28 8% 29 | Good 3.7
Butyric 0.22 | 2.50 6 12
| Lactic | 0.72| 8.00 Lo | g
6 Swe‘e}i fe‘;tam 18.00 | Acetic | 0.25 4.17 14.44\ 29 8% 24 | Satisfactory | 4.1
f Butyric | 0.20 2.27] | 16 8 '
Lactic | ©.9710.77 24 2
210 | Green Rye | 27.01 | Acetic -| 1.04|17.32 | 44.44 | 39 6% 10 | Medium 5.1
Butyric | 1.44 | 16.35 |37 2
b Lactic | 0.30 | 3.33 14| o
207 | omimese | 1563 | Acetic | 0.30| 5.00 24.57| 20 | 10} 6 Inferior 5.1
Butyric | 1.43 | 16.24 66 -4

Acetic acid :  (cc n/20)=3.729(D2+D3z) —1.001 Dy - x 0. 0150(95) -+ x 16.658(mEq.)
Note!1%-20 | Butyric acid : B (cc n/20)=1.840 D1 —2.076 (D2+Dj3)------ % 0.0220(94) -+~ x 11.356 (mEq.)
Lactic acid : M(cc n/20)=2.434 D;—0.186 E =~ ----e- % 0.0225(94) - x 11.105(mEq.)

. BPAETHBCLET S Cxmst EEEHET 570 Fuse ROREEOHED © X3 40 S5
| RO, BETIR 0 SHEEELTOS. 20, T?@E%?@Eﬁmuél5%bk%®@a}
5. e L

BIEO T & I8, ()’(VCI:]-—* =SB ONATE GN]:IST.EEH) a) pH MEMHBEEI X ZJJ‘&J:,
FrLiec Ric X 2TROLBEBHIC X 2 HEE & ¢ FIteo S HTHERLCHR. T bbb GNEST B
mmx5ﬁﬁﬁ&mﬁmm&&m&5ﬁmﬁ@ﬁvszz %djbmemll@kzbf@
3z, : - - S T . P

Frbb, ERERO, TS BN A SR DD LB
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Table 10. A Comparison of Results of the Appraisal by Means of
GNEIST’s and FLiee’s Methods.

No. Silage Frize’s Method Gymist's Method
Mark | Note Mark | Note
202 Green Barley 29 Good 28 Good
206 Green Maize 16 Medium 25 Satisfactory
207 Chinese Milk-Vetch 6 Inferior 0 Inferior
208 ” 6 Inferior 0 Inferior
174 Steamed Sweet potato 40 Very Good 38 Very Good
175 ?otlgtioXt::g %gciwlggn 40 Very Good 40 Very Good
209 Green Maize 35 Very Good 40 Very Good
210 Green Rye 10 Medium 0 Inferior
211 Green Maize 14 Medium 20 Satisfactory
167 éogtlgt:gg ORficSew](g:;.n 40 Very Good 38 Very Good
162" | Teosinte : 40 Very Good 35 Very Good
163 " 38 Very Good 32 Good
1 Green Maize 40 Very Good 32 Good
5 ” 36 Very Good 34 Good
6 Sweet Potato Vines 24 Satisfactory 23 Satisfactory
163 Kudzu 10 Medium 7 Inferior
162 Teosinte 38 Very Good 35 Very Good
219 Green Maize 40 Very Good 36 Very Good
A Mixture of Sweet [
220 Potato Vines, Sweet 40 Very Good 35 Very Good
Potato and Rice Bran
222 Green Maize 28 Good 17 Satisfactory
223 ” (Urea added) 4 Inferior 0 Inferior
224 Green Rye 4 Inferior 0 Inferior
226 Green Maize 4 Inferior 6 Inferior
2217 ” 22 Satisfactory 16 Medium

Table 11. Correlations between the Results of Evaluations by Means
of These Methods.

r i [2] ? Notes
Friee’s and GurisrT's Method -+0.943 ’ 13.276 2 <0.001 n=24
pH Value and the Results by means of _ __
Frize's Method 0.774 ’ 5.223 p <<0.001 pH 3.4-5.6

GNEIST e &, FLIEG &I L AREEN P WEHEE L AVWERWZ AWERLCE-OTW 3.
LT b2, HETEE L RO 60 ~ 70 % 3—FKL 7.
LNLTEOEMEOEZFAEG, —kic FLec KiEX b 3, GNEIST KIEOHY, FHlEO &

BHEL R Y, cOFEDFHTES C B rrok. '

L30T, cEIEAMEE L Y ELZ 28408, WFINMERIAFELZRBTE20TH 5.

FRAERREREORE B L n—RIcE WX, B pHoRORER 10T (EREiEEL
LRIV, PABREABAVWHEEZ TLESLOL HETLYLZ0THS. FUHMEEE
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DELF, EE, —-HLAVWESOEHCOWTE, AEEEL UL ET 3.
V. ¥

W 194 rRICTE bok=zyy L e SOREE, WAWSKEEABTRES T EEL LA
ATHBN, BWIPCDOWTHELZ D L E, BERLBRWRICOWTE, EENDERBCE?D
WEDS, BL—ELTWwWBS ERwnihwn. B—F (F) hwTh, FOsEEEcmL <
PH BEHMC /N THoRd, BEEBEARAEND S LWL AT DR, Thbb s 4 » O
IC x0T, BeHEime, RErETETEEALERV LD CEESBILS.

@ KEAKY, Thabbz=ry V- P@EBEECETS, HLBOREOELIC-OWTHE
L7eid, FEP Ioid, 10 s Tl fEOEtoLrwe &Babe. SRR
BH=vy V- COBARE, BESE ¥ Ar XV RYMUTHBTS L, Kk 2 HEOBLH
KO EEFHLNS.

@ =vrv—-20 pH fiz7re=v&E0KE, FELTOREYE (4+0.603; $<0.001]
BRHEZN, OERIEEEFELN 2 ELHF L L CHE—FKL, MEEZCRDO—EFLES
T LR E L.

@ Frme KK X3 HEEEOEMN L. =v> v —20 pH LB aErEifcd
% GnEIST KiEd, BMOBREH (BEHR) pEfcd 3 FLse KA X 3EERROMRX
EERTOREEPRHE N,

T X EIORFRR, HE—Z TR LHALESY, LELE—FELAVWHALRHZNS.
ZOEHICE—, GNEIST KIBIC X FHMEOR L, FLme REOZNLI D ELS DB b
7.

P LS R OEERN LB 2B DR AREEEEAREL, SROEENEE O SRS R
CREOCEHOBEDODT. ERESAOEBRNIEVEROTEAKS EFEERE, MEEL, FL4E—O
HECESHOEEDbDT. ABOHBERRER 3244 5 8 HOAASESSORE LTHEL .
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