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3- Acid Detergent Insoluble Crude Protein (ADICP)
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1-Neutral Detergent Fiber (NDF)
2- Neutral Detergent Insoluble Crude Protein (NDICP)
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RUPo.5 = 285.5459 + (1.2143 x C) + (0.0005
x (NDF x By)) + (- 110.1740 x ((A+By) /
NDF))
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RUPo.02= B1[Kp/ (kaB1+ Kp)] + B2 [Kp / (kaB2
+Kp)] + Bs [kp/ (kaBa+ kp)] +C
(0 al)

RUPO.O5 = Bl [kp/ (kdBl + kp)] + BZ [kp / (kdBZ
+Kp)] + Bs [Ko/ (kaBa+ kp)] +C
(V aksl))

RUPo.08 = B1[Kp/ (kaB1+ Kp)] + B2 [Kp / (kaB2
+Kp)] + B3 [kp / (kaBs + kp)] + C
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(V aksl)
RUPo.02 = 204.3207 + (1.0753 x C) + (-
0.0014 x (A + B)))

(Y sl)
RUPo.0s = 321.9023 + (0.1676 x ADF) + (-
0.0022 x (CP x (A + By))) + (0.0001 x (CP x
C?)
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Table 1-Effect of maturity stage and cutting time on chemical composition of alfalfa hay (g/kg of DM)

gsbs adaye il oley "olas
- s Maturity stage SEML p. Cutting time SEM p. Treatment? SEM p.
Chemical composition L it value > s value ' ? ’ * value
P Pre- Early Morning  Afternoon
bloom bloom
Sl sable 901.002 885.00P 2.40 <0.01 889.17 896.83 2.40 0.06 899.00* 903.00®° 879.33° 890.67® 340  <0.01
Organic matter
NEN- g% 174.00 174.50 1.65 0.83 189.50? 159.00° 1.65 <0.01 189.67¢ 158.33" 189.33%* 159.67° 233  <0.01
Crude protein
&5 olae 20.83° 21.24? 0.06 <0.01 21.09 20.98 0.07 0.25 20.91®  20.76® 21.28%  21.20*8 0.09 <0.01
Ether extract
(Saral s gt (LI 326.67° 341.672 4.13 0.03 358.672 309.67° 413 <0.01 352.00° 301.33" 365.33* 318.00> 5.84 <0.01
Acid detergent fiber
SR s g L 465.33° 506.332 6.49 <0.01 522.332 499.33b 6.49 <0.01 484.33* 44633 560.332 452.33* 918 <0.01
Neutral detergent fiber
S slacl g S 241.178 183.17° 8.00 <0.01 156.50° 267.832 8.00 <0.01 204.33> 278.00@ 108.67° 257.67® 11.32 <0.01
Non-fiber carbohydrates
ok 83.55° 90.262 1.83 0.03 86.58 87.24 1.83 0.81 83.31 83.80 89.85 90.68 2.60 0.97
Lignin
SiesSla 99.00° 115.00? 2.40 <0.01 110.832 103.17° 2.40 0.05 101.00®® 97.00° 120.67¢ 109.33* 340 <0.01
Ash
Gl s sd 5o Ja Blad 55 5 1.62b 2.732 0.06 <0.01 2.96? 1.39b 0.06 <0.01 2.41b 0.82¢ 3.51° 1.96¢ 0.08 <0.01
Acid detergent insoluble protein
oA sa gk 5o o BlEsae 55 95 2.99° 4.922 0.05 <0.01 4.972 2.93° 0.05 <0.01 4,03 1.95¢ 5.912 3.92b 0.06 <0.01
Neutral detergent insoluble protein
S 12.40 12.68 0.39 0.62 12.83 12.25 0.39 0.32 12.63 12.17 13.03 12.33 0.55 0.83
Calcium
e 3.04 3.09 0.07 0.57 3.19? 2.94b 0.07 0.03 3.14 2.93 3.24 2.95 0.10 0.72
Magnesium

(P</0) wsls golel Blad 4 (sl gine AN litieut Bysa b slagySilie: P08l o sune — 808 ilo) 5 mae — o838 ilsl eae — 808 5 U e — A0S 31 U s ol daig digle S 4 E 5T X A Llas -Y Lan Sl S 5lhas sl
1-Standard error of means. 2- Treatment 1, 2,3 and 4 are alfalfa hay harvested pre-bloom in the morning, pre-bloom in the afternoon, early bloom in the morning and early bloom in the afternoon, respectively. ¢4
Means within the same line with different superscripts differ significantly (P<0.05).
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Table 2- Effect of maturity stage and cutting time on different crude protein fractions of alfalfa hay (g/kg of crude protein)

gob ads cudila 3 oley "olas
i i i 2
R JKMﬁ;urlty stajjsedd‘ ‘ SEM! p. Cutting time SEM p. - ;I’reatment3 y SEM p.
R s hly (o ras
Crude protein fraction < < value _ value value
Pre- Early Morning  Afternoon
bloom bloom
S gy yaf (359 4 371.83 364.17 2.83 0.09 376.832 359.17° 2.83 <0.01 381.00* 362.67° 372.67® 355.67° 4.01 <0.01
Non protein nitrogen (A)
Al da JalE (paitig 156.67° 172.172 154  <0.01  161.17° 167.172 1.54 0.02  149.33* 164.00* 173.00* 171.33* 217 <0.01
Buffer soluble protein (B1)
593 oty b 40 (5 opuis 376.50? 304.17° 286 <001  323.50° 357.172 2.86 <0.01 357.33® 395.672 289.679 318.67° 4.04 <0.01
0D o gl ja Ja S8 (it g g
Neutral detergent soluble protein
(B2)
dacul ouis gl 4o B ju il 45,00° 72.17° 217  <0.01 56.17 61.00 217 0.15 4533 4467° 67.00*0 77.33* 307 <0.01
s 29 g3 Ja Bl b (il g
Acid detergent insoluble protein
(B3)
Seu a8 jud (i3 50.17° 87.83? 1.96 <0.01 82.832 55.17° 1.96 <0.01 67.33> 3300° 9833 7733 277 0.05
s BB yuf (aii g

Unavailable protein (C)
olel Blad 4 (solu e SR bt e Bgom b slagsSilie s PP 00 LGl o sume — au S Jilsl 5 e —o8u S Jilsl ceme —au S 31U qam —(AaS 3 U sad sutls y dadg dbsle GBS G E 5T Y ) Slad Y agiSibe US Shae slial -
(P<-/-0) & ls

1-Standard error of means. 2- Treatment 1, 2,3 and 4 are alfalfa hay harvested pre-bloom in the morning, pre-bloom in the afternoon, early bloom in the morning and early bloom in the afternoon, respectively. * > ¢ Means within
the same line with different superscripts differ significantly (P<0.05).
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Table 3- Effect of maturity stage and cutting time of alfalfa hay on rumen undegradable protein content (g/kg of crude protein)

gob ads el ooy "olas
Maturity stage Cutting time Treatment?
s o djad Jaldyad (i g PRIy siad SEM!  P- g SEM  P- : 5 . ;T SEM  P-
Rumen undegradable protein B value C- ree value value
g P Pre- Early Morning  Afternoon
bloom bloom
Estimated by Kirchhof (2007) equation (Voo V) Gsga € Jgosd bsas oyl

caelos 50ty ¥ sae i e 129.17° 167.502 343  <0.01 150.33 146.33 3.43 043 13533 123.00° 165.33* 169.67° 4.86 <0.01
0.02/h passage rate

el 50 des 0 0 pae i e 225.83° 311.67° 566  <0.01  291.33% 246.17° 566  <0.01 245.00° 206.67¢ 337.678 285.67° 8.00 <0.01
0.05/h passage rate

caelis 50 deoyd A L sae Sag e 308.33° 350.332 479 <0.01  355.50% 303.17° 479 <001 332.67° 284.00° 378.33* 32233 6.77 <0.01
0.08/h passage rate

Estimated by Esniffen et al., (1992) equation (V44Y) oLKen 5 Gasiial J o b sadia gl s

caelis 50 deo,0 ¥ sae i e 140.50° 181.832 178 <0.01 170.67° 151.67° 178 <0.01 154.33° 126.67° 187.00® 176.67° 252  <0.01
0.02/h passage rate

el 50 des 0 0 pae S e 215.00° 250.002 213 <0.01 238.67% 226.33° 213 <0.01 225.67° 204.33° 251.678 248.33% 3.02 <0.01
0.05/h passage rate

el 50 demy0 A e S e 263.00° 292.172 233 <0.01 281.672 273.50° 233 <0.01 271.33" 254.67¢ 292.008 292.33*¢ 3.29 <0.01
0.08/h passage rate

Estimated by in situ method bl slatuS (55, b osnd a0 5

caelos 50 deo,a ¥ sae i e 159.79 173.02 8.61 0.29 164.89 167.92 8.61 0.80 14427 17531 18551 16052 1218  0.03
0.02/h passage rate

caeli 50ty 0 pae Cac yuu 228.04 225.55 11.76  0.08 244.22 242.37 1176 091  203.12> 252.96® 285.31* 231.79% 16.63 <0.01
0.05/h passage rate

el 50 deoy0 A e S e 278.69 316.07 1322 0.06 299.16 295.59 1322 0.85 249.16> 308.21® 349.16® 282.97® 1870 <0.01

0.08/h passage rate
olel Blad & (s lu e SRS bt e Ggom b Lol s #0400 Lt oo sume — as S sl 5 i — (23S ilsl e remc — (A8 31 US e — (A0S J) U sk sl dadg absle LSS 08 5T Y ) Llad -V LapSibe S Shae slial -
(P<+/-0) wiyls
1-Standard error of means. 2- Treatment 1, 2,3 and 4 are alfalfa hay harvested pre-bloom in the morning, pre-bloom in the afternoon, early bloom in the morning and early bloom in the afternoon, respectively. * > ¢ Means within
the same line with different superscripts differ significantly (P<0.05).
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Table 4- Effect of maturity stage and cutting time on ruminal degradabiliry of dry matter and organic matter of alfalfa hay

gk dda e s g3 (e "olas
e ‘;A“M;f””ty;w;ws' SEM!  P-value c_i“tt'”g t”j; SEM  P-value — o eatme”t; 57— SEM  P-value
Degradability parameters Pre-bloom  Early bloom Morning  Afternoon
Dry matter <A suls
(e 59) 43a3 e GEA 41.27° 40.19° 0.22 <0.01 39.44P 42,022 022 <0.01 4050° 4203* 38.38° 4201* 031 <0.01
Quickly degradable fraction (a, %)
(weess) 33 WS 2y 35.73 37.13 0.63 0.13 37.682 35.18° 063 <0.01 36.03% 3543 39.33* 34.93° 0.89 0.04
Slowly degradable fraction (b, %)
(amy) a3 ols o 58l 2As 77.00 77.32 0.64 0.72 77.12 77.20 0.64 0.93 7653 7746 77.70 76.95 0091 0.36
Potentially degradable fraction (a+b, %)
(R PRV K St 23.00 22.67 0.64 0.72 22.88 22.80 0.64 0.92 2346 2254 2229 23.05 091 0.26
Undegradable fraction (c, %)
(caebar 53 dema) B Gras (g oudyeiad £ 0.14 0.13 0.01 0.43 0.13 0.14 0.01 0.62 0.14 0.14 0.12 0.14  0.02 0.66
Degradability rate of b fraction (%/h)
(mela) 52 B oLy 1.17 1.02 0.20 0.58 1.02 1.17 0.20 0.58 1.07 1.27 0.96 1.07 0.28 0.87
Lag time (h)
Organic matter 17 sule
(weo9) 523 pasw Gids 34.06° 31.32° 0.20 <0.01 31.25° 34.142 020 <0.01 33.31° 3481®° 29.19° 3346° 029 <0.01
Quickly degradable fraction (a, %)
(weess) 323 S iy 34.91° 36.382 0.46 0.03 36.812 34.49b 046  <0.01  35.14° 3469° 3848 34.29®° 0.69 <0.01
Slowly degradable fraction (b, %)
(semy) s 3a3 bols 8 3L A 68.98 67.71 0.47 0.06 68.06 68.62 0.47 0.41 68.46 6950 67.67 67.75 0.66 0.47
Potentially degradable fraction (a+b, %)
(R PRV S 31.00 32.29 0.47 0.06 31.92 31.38 0.47 0.42 3151 3050 3233 3225 0.66 0.48
Undegradable fraction (c, %)
(selos 5o am,0) D (i s mliiad £ 0.13 0.12 0.01 0.54 0.12 0.13 0.01 0.50 0.13 0.14 0.11 013 0.02 0.58
Degradability rate of b fraction (%/h)
(melu) 5als oles 1.25 0.97 0.20 0.33 0.97 1.25 0.20 0.33 1.04 1.46 0.90 1.04 0.28 0.62

Lag time (h)
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(P<-/-0) il
1-Standard error of means. 2- Treatment 1, 2,3 and 4 are alfalfa hay harvested pre-bloom in the morning, pre-bloom in the afternoon, early bloom in the morning and early bloom in the afternoon, respectively. * > ¢ Means within
the same line with different superscripts differ significantly (P<0.05).
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Table 5- Effect of maturity stage and cutting time on ruminal degradabiliry crude protein and neutral detergent fiber of alfalfa hay

gk dda e Qudiba 1 oley Tolass
i o Maturity stage Cutting time Treatment?
Sdada jal daddl § oy 2 SEM! P- SEM P- 1 > 3 7 SEM P-
Degradability parameters NS G value (S s value value
Pre- Early Morning  Afternoon
bloom bloom
pla 0
Crude protein
ds 59) el 53 42732 40.49° 0.68 0.03 43.028 40.20° 0.68 <0.01  48.36* 37.11° 37.68° 43.30° 097 <0.01
(S 09) 433 e RS
Quickly degradable fraction (a, %)
(temy9) d3a3 S Ay 47.15P 50.20% 0.72 <0.01 47.75 49.60 0.72 0.07 42,02° 52.28% 5348 49.92° 1.02 <0.01
Slowly degradable fraction (b, %)
(aempa) w3a3 s o g8l aas 89.88 90.69 0.61 0.36 90.76 89.81 0.61 0.28 90.37 89.39 91.16 90.22  0.86 0.97
Potentially degradable fraction (a+b,
%)
do ) a3 Bl il 10.12 9.26 0.61 0.33 9.19 10.19 0.61 0.25 9.63 10.60 8.75 9.77 0.86 0.98
(ESY) RVSEN R SY -2
Undegradable fraction (c, %)
(selos 5o am,0) D (i s mlias £ 0.18 0.14 0.02 0.19 0.15 0.17 0.02 0.31 0.18 0.17 0.11 0.17 0.03 0.26
Degradability rate of b fraction (%/h)
(welu) 22l ol 1.22 1.02 0.17 0.43 1.20 1.04 0.17 0.52 1.05 1.39 1.35 0.70 0.24 0.06
Lag time (h)
A s gt L
Neutral detergent fiber
(du00) 0323 e s 26.62° 32.002 0.75 <0.01 31.872 26.74° 0.75 <0.01 2753 2570° 36.21* 27.78®> 107 <0.01
Quickly degradable fraction (a, %)
(emy) d3a3 S Ay 34.57 33.71 1.79 0.74 35.62 32.66 1.79 0.25 34.91 34.23 36.32 31.09 2.54 0.38

Slowly degradable fraction (b, %)
(aoy9) a3 L5 & g8IL ads 61.19° 65.702 1.50 0.04 67.492 59.40° 1.50 <0.01 62.44> 59930 72542 58.87P 2.12 0.01
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Potentially degradable fraction (a+b,
%)
(tm ) 33 Ll e iy 38.812 34.29° 1.50 0.04 32.51° 40.602 1.50 <0.01 37.562  40.07@  27.46° 41.132 2.12 <0.01

Undegradable fraction (c, %)

(oele o am,u) b (B g iudas £ 0.10 0.09 0.02 0.92 0.09 0.10 0.02 0.70 0.10 0.10 0.09 0.10 0.02 0.92
Degradability rate of b fraction (%/h)
(welu) Al oley 2.16 2.33 0.49 0.80 2.02 2.47 0.49 0.52 1.57 2.74 2.46 2.20 0.70 0.32

Lag time (h)
olel Blat 45 (5ol e YER Lot Cgsm b slagSilia s @200 il o yeme — a0 K Lill 5 o — (83K ol gl eme — (a0 K 51 US s — a8 51 S sk el daig disle LSS5 4 € 5 Y ¥ O Llas - LagSilis S Hlas slisl -
(P<-/-0) w,ls

1-Standard error of means. 2- Treatment 1, 2,3 and 4 are alfalfa hay harvested pre-bloom in the morning, pre-bloom in the afternoon, early bloom in the morning and early bloom in the afternoon, respectively. * > ¢ Means within
the same line with different superscripts differ significantly (P<0.05).
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Introduction: Alfalfa (Medicago sativa L.) is commonly used as high-protein forage in diets of
lactating cows. Cultivated alfalfa is the main forage ingredient for dairy rations in Iran with 5.5
million metric tonnes of hay harvested during season 2009-2010 (Yari et al., 2012). Alfalfa contains
high nutrients levels, high digestibility, and unique proportion of structural to non-structural
components (Yu et al., 2003). Chemical composition, nutritive value and crude protein (CP) fractions
of alfalfa are influenced by cultivar, stage of maturity (SM; Coblentz et al., 2008; Yari et al., 2012),
climate condition (Van Soest, 1994) and cutting time (CT; Brito et al., 2008, 2009; Yari et al., 2012)
due to accumulation of non-structural carbohydrate during the day (Brito et al., 2008, 2009). Various
CP fractions present in feed differ in rate and extent of ruminal degradation. These fractions influence
the amount of CP degraded in the rumen and escaping to the lower digestive tract (Van Soest, 1994).
Furthermore, the knowledge of these CP fractions and degradation is used in modern diet formulation
programs such as NRC (2001) to formulate ruminant diets. Therefore, information about CP fractions
and degradability (NRC, 2001) should be taken in to consideration when formulating diets for
ruminants.

Material and methods: This experiment was conducted in a field (10 m x 10 m) at Tropical Research
Centre of Ilam University (Mehran, Iran; 33°07°N, 46°10°E). Total field was divided into 4 main plots
(4 m x 5 m). Each main plot was then divided into 4 subplots (5 m?), so that the hay of each one
harvested at different stage of maturity (pre-bloom vs. early bloom) and cutting time (06:00 am vs.
06:00 pm). No mineral-N fertilizer was applied on the plots during the growing period. The field was
irrigated three times weekly during experiment. Stage of pre-bloom is approximately one week before
the point at which the hay would be commercially harvested and the stage of early bloom is at the
point of commercial cutting. Experimental treatments consisted of 1: alfalfa hay harvested pre-bloom
in the morning, 2: alfalfa harvested pre-bloom in the afternoon, 3: alfalfa harvested early bloom in
the morning and 4: alfalfa harvested early bloom in the afternoon. At the time of sample collection, a
quadrate (250 cm?) was randomly thrown in each plot (one time) and all stems were harvested 5 cm
above ground using a small scythe to calculate fresh yield. Immediately after cutting, the weight of
fresh sample of each quadrate was recorded. Alfalfa samples dry matter (DM) was determined by
oven drying for 48 h at 60° C. Before chemical analysis, samples were ground to pass through a 1-
mm screen. The samples were analysed for DM, ash, ether extract (EE), CP, calcium and magnesium
according to the standard methods (AOAC, 1990). The neutral detergent fibre (NDF), acid detergent
fibre (ADF) and acid detergent lignin (ADL) were determined according to the procedures of Van
Soest et al. (1991), without heat stable amylase and sodium sulphite. Non-fiber carbohydrate (NFC)
was calculated according to NRC (2001). The CNCPS was used to divide CP into five fractions
including A, By, B2, B3, C (Sniffen et al., 1992; Licitera et al., 1996). Ruminal degradability of DM,
organic matter (OM), CP and NDF were measured by in situ method. Rumen undegradable protein
(RUP) content of samples were estimated based on chemical composition and CP fractions according
Kirchhof (2007), Sniffen et al. (1992) and NRC (2001) equations.
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Results and discussion: Alfalfa hay harvested at early bloom had higher fiber, lignin, RUP, EE and
protein Bz and C fractions and lower NFC and ruminal DM and OM degradability compared to alfalfa
hay harvested at pre-bloom (P<0.05). These results were in agreement to other studies (Yu et al.,
2003; Yari et al., 2012). Alfalfa leaves have a higher CP, higher digestibility and lower fiber content
compared with alfalfa stems (Van Soest, 1994). Therefore, the decreased leaf:stem ratio with
advancing SM found in this study likely caused reduced CP, reduced in situ degradability and
increased structural carbohydrates (e.g. NDF and ADF) similar to published results (Yari et al., 2012;
Yu et al., 2003). Protein A fraction, crude protein (CP), calcium and magnesium of alfalfa hay not
affected by MS. Harvesting alfalfa in the morning increased CP, neutral and acid detergent insoluble
CP and RUP contents and decreased NFC content and ruminal DM and OM degradability compare
to alfalfa harvested in the afternoon (P<0.05). Content of protein B3 fraction, OM, EE, lignin and
calcium were not affected by alfalfa hay cutting time (P>0.05). These results were consistent to
findings of previous experiment (Yari et al., 2012; Kirchhof et al., 2010). During the day, alfalfa
leaves did likely use of photosynthesis end-products to convert fraction A components into true
protein (fraction B; Van Soest, 1994). The higher NFC content in alfalfa hay harvested in the
afternoon compared to that harvested in the morning can be attributed to accumulation of
photosynthetic sugars during the day (Van soest, 1994). Factors such as time of cutting, day length,
temperature, sunshine intensity and mode of forage conversation can influence CHO fractionation
during day (Van Soest, 1994; Brito et al., 2008, 2009) and might therefore be the cause of differences
among studies.

Conclusion: Potential nutrient supply to the animal reduced with advancing alfalfa maturity. With
advancing maturity, protein content and digestibility decreased, while fiber fractions increased.
Cutting alfalfa in the afternoon increased NFC content compared with cutting alfalfa in the morning.
Collectively, alfalfa harvested at pre-bloom and in the afternoon had higher nutritional value.

Keywords: Alfalfa hay, Chemical composition, Different protein fractions, Ruminal degradability



