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Digestibility Estimation Based on NIRS Method Using
Fecal Grab Sample

Agung Purnonoant™. Mitsunori Kuriiara. Takehiro NisHIDA.
Fuminori Terapa and Akira A
(Department of Animal Nutrition)

Fecal grab samples (FGS. n=216) collected from six hours interval during first two days of diges-
tion trials were used in this study. The trials were conducted to twenty-seven dairy cattle given three
rations. The rations were Italian ryegrass combined with 40¢ concehtrate (group ). steamed wood at
5% (group 2) and 55% (group 3) of total dry matter supply. Neuar infrared reflectance spectroscopy
(NIRS) was carried out to determine both the FGS and feces from total collection (FTC) to know the
diurnal variation. Compositions of FGS determined by NIRS were used in digestibility estimation
based on lignin indicator method (LIM). For comparison. the digestibility value of FTC was obtained
from conventional analysis methods (=in vive value). Diurnal variation of composition within FGS
was not significant.  With respect to the use of FGS composition for digestibility estimation. there was
generally significantly different (P<<0.01) from that of in vivo. An exception. the not significantly was
obtained in the digestibility of EE (group 1). OM. ADF and energy. TDN (group 3). The range ot bi-
ases of digestibilities between FGS and in vivo were 1.0—-5.7. 3.5~8.1 and 0.6 = 7.3% for group 1. 2
and 3. respectively, and was considered related to the lignin recoveries. Standard deviations of ditfer-
ences between the digestibility of FGS and in vivo were generally averaged below 3.7% for low lignin
rations (group 1 and 2). except CF (6.3%) and ADF (5.6%) in group 1. but slightly high for high lignin
rations (group 3).

INTRODUCTION

It was reported that the near infrared reflectance spectroscopy (NIRS) prediction of teces and feed
compositions can replace the conventional analysis to estimate the digestibility’. That report was used
fecal samples prepared from total collection (FTC). To enlarge the application for farm using. the
study using fecal grab sample (FGS) is needed. Digestibility estimation by lignin indicator method
(LIM) is available for representative sample. This method is the most applicable for farms using duc
to easiness and the natural existence of lignin in the feed. Limitation of lignin for indicator using is re-
ported partly digestible” and the variation of lignin excretion” ~. Variation of lignin concentration con-
sequently changes the value of digestibility estimation. This variation may be caused by the variation
of analysis. especially in particle grinding™. Another disadvantage of lignin analysis is time consuming
which not suitable for routine and voluminous work. With known as rapid. repeatable and non chemi-
cally analysis, NIRS method may solve that problem.

The objectives of this study were to know the variation of fecal composition in six hours interval
grabbing time and to obtain the representative time sampling for digestibility estimation.

1996 6 )24 11721
* Tokyo University of Agriculture
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MATERIALS AND METHODS

Twenty—seven dairy cattle (lactation = 12, dry = {5) were used in digestion trials. Three rations al-
fowed to cattle were adjusted to meet the TDN requirement based on Japanese Feeding Standard for
Duairy Cattle™. The rations were Italian ryegrass combined with 40% of formula feed (mainly corn and
savbean meal) for lactation group (group 1) steamed wood at 3% (group 2} and 55% {group 3; of dry
matter supply for six and nine drv cows, respectively,

Cattle were fed twice a dav at 10:00 and 16:00. Fecal grab samples were directly taken from
the rectum at six hours interval for about 200 ¢, First grab sample was taken at 13 : 00 three hours af-
ter morning feeding. Collection of FGS was done during first two duvs of fecal collection period of
digestion trials. Samples were directly dried at 65 C for 48 hours before ground for | mm by Wiley
mill. The FTC was obtained trom five davs collection of digestion wials,

Samples of FGS (n=216) and FTC (n=27) were subjected to NIRS to determine the composition
tor evaluation of diurnal variation. Composition of FGS determined with NIRS then used to estimate
the digestibility by LIM. For digestibility evaluation. the digestibility value of FTC was obtained from
conventional chemical analveis. termed in vivo, Conventional anulvsis for in vive was determined for
organic matter (OM). crude protein {CP). ether extracts (EE). crude fiber (CF) with proximate analysis
methods. and energy with bomb—calorimeter . Acid detergent fiber (ADF) was determined with that
described by Ape”.

Near infrared retlectance spectroscopy analysis was done using the Pacific Scienufic (Neotec)
6300 series instrument equipped with ISI software in IBM compatble CPU terminal for calculation.
Compaositions of feces and rations were determined by NIRS using each calibration equations which
have been reported™.

Digestibility estimation by LIM for FGS was then compared with the in vivo. The GLM proce-
dure of SAS™ was done for variation of composition and digestibilities. The difference between FGS
and FTC or in vive was analyzed with paired t—tests™,

RESULTS AND DISCUSSION

1. Composition of the rations

Chemical compositions of rations determined by conventional analysis and by NIRS are shown in
Table . In general. the values obtained from conventional and NIRS were differing below 3%. Com-
pared with conventional analysis results. relatively high differences were observed for CP for all groups
(3.4-3.6%). EE of group 1 (9.7%). CF of group 2 (5.2%). For lignin. the differences were 3.7, 10, and
+.0% for group 1. 2. 3 respectively.
2. Variation of fecal composition

Chemical compositions of FGS and of FTC determined by NIRS method are shown in Table 2.
Excretion of lignin for three groups was appeared in uniformly figure. Within two days grabbed fecal
samples. the lignin content of group | and 3 lies above the FTC. but below the FTC in group 2. Simi-
lar pattern was also found in CP. EE. CF. ADF and energy excretion for group 1 and 3. but slightly
different in group 2. Those variations were on natrow range.  The width range of variation of OM.
CP.EE were at 0.9-1 2. 1.0-2.2. 0.1-0.2 %. while CF. ADF. and lignin were 1.0-1.8. 1.2-2.6. 0.4
U.8% respectively for all groups. For energy. the range was observed at 30-80 cal/g.

Statistical analysis vesult shows that the variations of all constituents for all groups within 6 hour
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Table | Chenncal composition of ratiops used 1 this study from two anajvsis
methods (7 DM).

Group | Group 2 Group 3
Composition

Conv,’ NIRS Cony. NIRS Conv, NIRS
OM 921 2.4 90,7 90.2 ys.3 951
cp 238 24.6 1.0 104 - 5.6 5.4
EE 31 2K 28 29 I8 2.0
CF 137 138 209 283 367 37.6
ADE 19.] 189 382 RN 525 514
Lignin 27 246 4.0 44 10.1 1058
Erergy” 4.49 3.4¥ 4.36 4.37 4.58 446

Conv.: Convenuonal analysis methods
Energy was expressed in Meal kg DM

interval during 2 days grab sampling were not significant.  In comparison between FGS and FTC. the
significant only observed for EE in group 2. and lignin in group 3 (P<<0.011. However. if the average
0f FGS was calculated, some components were higher or lower than of FTC. These figures considered
related to the extend of varation which was not covered durimg first two davs. Range of difference be-
tween FGS and FTC for EE and lignin was at 0.1-0.3% and 0.7-1.2% respectively, That was very
small for EE although statstically found significance.  Small differences of lignin in the groups may
mftuence the estimation of digesubility.  Refer 1o the equations. the LIM digestibility estimation will
overestimate if fecal lignin was higher or nutrient in feces wus jower than that of FTC. Difference
only 19 of fecal lignin will linearly result about 2.5% difterence of nutrients digestibility. This differ-
ent 15 higher than if fecal nutrent differ for 19

3. Digestibility estimation using fecal grab samples

Successive calculation for digestibility prediction is shown in Table 3. Digestibility estimation by
LIM was cualculated using NIRS predicted data of FGS. while FTC was determined using conventional
analysis (=in vive). In fact. it was questionable 1o compare the digestibility esumation using NIRS
predicted value of FGS with in vive. The errors from the methods of analvsis and fecal collection
were involved in the calculations. However, refer (o previous study'. 1t may be worth trying to com-
pare directly with the apparent digestibility.

Digestibility estimation value within FGS showed no significant variation. That was according (o
no variations in fecal composition, as discussed previously. Digesubility estimation of FGS was ob-
served higher than the /n vivo for all constituents and groups. except energy in group 3. Compured
with the in vive. digestibitities of FGS were highly significant (P<C0.01). except OM, ADF. and energy
in group 3. These were considered the influence of lignin content of FGS which was higher than of
the FTC. Lignin of rations in group 2 and 3 was overestimated. and additionally lgnin content of FGS
was higher than FTC. Previous study reported that digestibility estimation using NIRS predicted value
tend to be higher than the i vivo . due to overestimate of lignin of feeds. In present study. the cali-
bration equations for feeds and feces trom previous study were used.

Bias of prediction was shown by the difference of digestibility between FGS and the in vive. The
averages of that bias for digestibility of DM, OM. CP. EE. CF. ADF. and energy for group | were 3.3,

300460 100570 5.1 and 3.6 respectsely. For group 2. the biases for those constituent were 6.0 57
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Table 2 Composition of tecal yrab sampies and feces collected trom wtal collection (%DM

Fecal greb sample (FGS)

Composition ———————— = a1 duy - 2 nd day — E— FTC
3 Y 15 21 27 33 39 15
- R = Group |
OM 86.5 6.6 R6 | 87.3 86.8 36.8 87.7 86.4
P 16,8 A T 16,6 188 18.2 17.1 17.5
EE 24 2.5 2= 24 25 25 2.4 2.3
CF 26.1 R 4 26.3 246 252 26.3 26.5
ADF 379 369 : R 378 53 35.9 37.3 386
Lignin 2 104 [ (RS 1.7 e 1.0 1.2 1.5
Energy 147 1.5 447 ERN 151 155 1353 153 156
— Group 2
OM sS4 K43 844 8404 845 %42 841 §1.9
P P2y 14.0 147 14.3 [2N f4.3 148 143
EE 2K 28 N N R 2.9 29 267"
CF 240 235 250 236 241 220 22z 239
ADF 4346 434 427 431 237 427 419 4.6
Liznin : 153 152 H 154 15 153 1535 15.5
Energy 446 144 444 433 343 444 4,44 444 4.48
B Group &
OM 914 ERIE 939 945 94.0 947 942 94.0 939
cP 7.0 7 7.6 T 7.5 8.2 7 7.7 79
EE 1.1 1.2 1.2 [~ 12 1.2 I i 1.2
CF 398 RN 38.6 387 389 379 38.6 389 37
ADF 62.0 614 61.3 612 614 6.8 61.3 61.2 60.5
Lignin 210 20 213 213 210 210 211 203 037"
Energy +.76 +.76 4,75 474 473 481 177 +.78 1.79

The values were determined with NIRS method @ Energy was expressed in Meal/'kg DM
© significant (P<0.00

7.7.8.1.5.9. 3.5 and 6.6 while for group 3 were 0.9, 0.8, 7.3, 4.4, 1.8, 2.3 and 0.6, respectively. There
were in small range for group T and 3. but relatively high in group 2. Again, the phenomena in group
2 were slightly different from other groups. Group 2 has remarkably high bias, although having a
similar fecal lignin prediction to that of FTC and no variation of the compositions. As presented in
Table 2. lignin contents of FGS in group | and 3 were higher than FTC. but in group 2 the FGS was
stmtlar or tower than of FTC. Normally. higher lignin will be overestimating the digestibility. Table 3
shows that digestibility estimations of FGS were stili higher than the in vivo.

Stundard deviations of differences (SDd) between the digestibility of FGS and in vivo generally
were helow 3%. except CF and ADF in group | and CP and EE in group 3. Relatively high SDd in
CI and ADF in group | might be caused by Jow digestibility and low content in the rations {see Table
L In case of CP uand EE digestibility in group 3. those were possibly caused by low digestibility of
CP and small content of EE in that group ration. Within FGS. constantly low SDd of digestibility in-
dicates the small of variation and high precision of measurement.
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Table 3 Digestibility caleulated from fecal grab composition by LIM and uts standard deviston of dif-
ference to the in vive

Digesibibny g gy S —— i
3 9 13 21 27 33 39 45
Group |
DM 76.8 76.3 771 777 778 76.6 76.4 76.8 R
Shd 27 30 30 BN 28 2.9 2.9 2.6
OM 78.3 778 78.6 79.2 790 78.0 77.8 779 FAN
Shd 26 19 3o 3.1 28 30 29 27
CP 848 83.9 83.2 ¥Ry 840 S19 822 837 75.67°
SDd 3.3 4.1 -+.5 21 39 3. 4.5 18
EE 81 79.2 80.0 803 80.9 788 79.2 50.5 7RG
shd 29 3.4 3.1 2% 2.4 29 3.5 26
CF 35.1 554 36.6 580 36.5 57.2 56.0 547 49.8°°
SDd 36 6.2 7.4 6.7 6.2 6.1 5.7 6.1
ADF 337 538 547 363 556 56.3 355 542 4957
SDhd 4.8 5.0 6.4 ER 5.5 57 53 5.9
Energy 76.8 76.3 77.1 NG 77.8 76.6 76.8 76.4 73177
Sbd 27 3.0 34 3.1 2.7 2.9 2.6 2.8
Group 2
DM 71.2 70.9 70.9 714 712 707 71.0 71.3 6567
SDd 30 27 26 2.0 1.9 1.7 1.4 1.5
OM 735 732 73.2 736 734 730 73.3 735 68.1°"
SDd 2 2.4 2.2 1.7 1.6 1.3 i3 P4
CP 592 S8.8 38.7 59.4 59.1 S84 58.% 593 5207
SDd . 1.6 44 R 34 iz 2.9 29
EE 74.0 738 738 742 740 736 73.9 742 66.277
Sbd 26 28 28 24 20 26 2.5 23
CF 757 755 754 758 757 5.2 755 758 70077
SDd 29 26 25 2.0 2.0 1.8 1.6 1.3
ADF 63.4 631 63.0 63.6 634 6238 63.2 63.5 60477
SDd 33 29 28 2.0 1.7 1.9 1.3 1.3
Energy 70.5 0.2 70.2 70.7 70.4 699 70.3 70.6 64277
Shd 28 27 25 19 1.8 1.8 1.6 1.6
~—— Group 3
DM 497 498 505 508 49.8 49.8 50.0 50.3 49.1°"
Sbd 1.0 33 39 38 4.4 38 36 38
OM 30.6 50.7 514 517 0.6 50.7 50.8 51.2 50.2
Shd 4.0 38 39 38 4.4 39 3, 38
cp 26.7 26.8 279 282 269 268 27.1 27.7 20377
SDd 1.0 1.3 10.7 109 0.9 in.9 103 10.4
EE 69.0 £9.0 69.4 69.6 69.0 69.0 69.1 693 67977
SDd 1.6 17 H.6 11.6 11.2 tho 4 115
CF 504 305 St SES 50.4 504 50.6 30.9 4887
SDd 4.4 4.2 4.2 4.3 1.7 4.2 +.0 N
ADF 0.8 40.9 41.7 4201 0.9 10.9 41.1 415 290
Sbd 49 1.6 4.5 1.6 4.9 4.3 4.0 4.2
Energy 46.0 46.2 46.8 47.2 46.1 46.1 46.3 467 1o
SDd 14 42 4.3 4.1 14 44 4.0 43

“ Significant (P<0.01). SDd @ Standard deviation of difference hetween FGS and the in vive. FGS digesubin, = 0os
= (100 X fignin of teed - ligmn of feces X nutrient of feces * nuinent in feed)
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4. Lignin recovery

Differences between the digestibility of FGS and the in vive may be related to the difference of
hgnin recoveries (further termed recovery) of the methods. Table 4 presented the recoveries of FGS
and FTC. For FTC. recovery was calculated using two methods. (1) NIRS predicted data and (2) con-
ventional analysis data of lignin. Caleulation was based on the in vive dry matter digestibility. Paired
t—tesls was carried out 1o analvze the recoveries compared with [00% comiplete recovery vajue.

Between the groups. recovery for FGS in group 2 showed closer to 100% than another groups.
However. the recoveries for FGS in all groups were very close 1o 100%. The variations of recoveries
obtained were still in range of reported by Streerer’. These facts indicated the NIRS prediction for
lignin of either teces or feed were appropriate.  Significances observed within grabbing time were con-
sidered the influence of diurnal vanation of lienin.

Tuble 4 Lignin recoveny calcubited using figmin content or fecal grab samples dewrmined by NIRS

method
T T e ey e mmmm—m e chi gf’;tt‘ \Jlilp!:’\ T T T T T m—m—"
Toetal collection
. ~— Istday e e - e O iy e
3 9 N 21 27 33 39 45 NIR Conv,
Group | 99 .0 940277 97 4 TOA TS 1 e EE [OR 2% 10327 10787 105.2
Group 2 10483 987 P HIRN 1007 Gx.0" 988 RIS R 008 It M 0
Group 3 9847 98 1" 104.5 o2 1" y9 7 9x.9" 10427 10457 97.¥ 103.1

© Calealution was used DM digestibiliny ot i vive,
stgnificant (P<0.05),
significant (P<0.01}, i comparison with 10% recovery

5. TDN calculation using fecal grab samples

Total digestible nutrients {TDN) were calculated using those digestibility estimation results and
presented at Table 5. The value was compared with that obtained from widely adopted methods based
on Japanese Feed Tables (JFT including manutacturer packing label.

Group | and 3 showed that JFT calculations were significantly high compared with that of FGS
and i vivo. However in group 2. the sigraficamtly high compared with FGS and in vive was observed.
In group | and 3. calculation from FGS showed closer to the in vivo than of JFT. In group 2. FGS
was similar with that of JFT. but overestimate the i vive. Bias from feeding calculation using JFT
was well known related to the harvesting. fertilizing and the origin. Since TDN is used as the main
consideration to supply the nutrient requirement of animals. present study shows the using NIRS to
measure fecal composition (as well as feeds) can be applied to allow the animal at actual requirements.
better than the JFT. This is important for lactating cows. because the lack of nutrients will drop milk
production. In the contrary. the oversupply of numrient will result the loss of money.

Prediction of fecal compositions. digestibility and TDN in this study using NIRS predicted data
shiowed that no significandy variation of lignin and nutrients at six hours interval for 2 days. Thus. in
practice, fecal grab sampling can be taken any time. The signiticant differences between FGS and
FTC may be come from the methods of fecal collection. composition analysis. and accumulation of
small variation which undetected within grabbing interval. If TDN are used for final nutritive valuc
consderation, application of LIM by using NIRS predicted value for FGS was available for farms us-
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Table S Towal digesuble nutrients (TDNj ealeulated from FGS. JFT and in vao”

Fecal Grab Samples (FGS)

e gl day - 2nd day e JFT Invive
3 9 I 21 27 33 39 43

Group 1. 752 747 754 76.0 758 748 742 748 77.2 FRR
Avg diff - 3.0 —~ 16 - 33 =34 - 3.7 -27 -6 ~-27 AN
SBd 26 29 249 3.1 28 29 2.8 2.6 27

Group 2. 69.0 68.8 68.7 69.1 68.9 68.5 68.8 69.0 682 0-4.3
Avg duff ~ 4.6 =44 =44 48 —4.6 =42 =4.5 - 4.7 -39
Sbd 25 23 2 1.7 1.6 1.5 1.3 14 1.4

Group 3. 49.2 193 499 50.3 19.0 49.2 9.3 197 6.2 A8y
Avg diff -~ {13 ~ 04 - 1.0 ~ 14 —0.1 ~0.3 ' =04 -0.8 =113
SDbd 4.1 349 39 3R 13 ERY 35 3% KN

" TDN ot FGS calculuted using formula TDN =DOM + 1.25 DEE which DOM and DEE were resulted from LIM
FGS.JFT ¢ see ext: Avg diff 1 werage of difference : SDd: see Table 3.

ing due to small SDd among three groups. and the bias between FGS and FTC was in range of 0.1-
4.8%.

The authors indebted to Dr. M. Amari for assistance in conducting NIRS anatysis. and 1o Ms, M.
SoMEeya for assistance of chemical analysis.
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