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ABSTRACT

This study was conducted in order to develop slaughterhouse rumen content (SRC) as a potential feed additive. The moisture
content of SRC can reach 80%, and therefore an appropriate dewatering process is required before it can be used. In this study,
the effects of heating temperature, heating time, and filler content during the dewatering process on the activity of various
enzymes in SRC were investigated. The Box-Behnken experimental design was employed, involving a total of 45 experimental
runs, consisting of three variables (heating time, heating temperature, and filler content) with three levels per variable (12, 30 and
48 hr; 60, 75 and 90°C; 12, 22.5 and 33% for heating time, heating temperature, and filler content, respectively). For enzyme
activities, xylanase, cellulase, and amylase were examined, and the results were subjected to an analysis of variance. Heating time,
heating temperature and filler content had significant effects on the activity of each enzyme (p<0.05). Cellulase and amylase
activities decreased (p<0.05) at elevated heating temperatures, whereas xylanase was reasonably stable around 90°C. The activities
of all enzymes decreased (p<0.05) with increased heating time. Optimum filler contents for xylanase, cellulase, and amylase
activities were 22.5, 12 and 33%, respectively. However, optimum conditions for all variables that simultaneously maximize the
activity of all three enzymes could not be ascertained in this study. Nevertheless, the results from the current study can be useful
as basic information for the development of SRC as a feed additive enriched with improved major enzymes for livestock feed
digestion.
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Table 1. Box-Behnken experimental design and their responses for enzyme activities

Variables and their levels

Responses of enzyme activities, U

Run Heat Time Filler Xylanase Cellulase Amylase
1 60 12 225 222.7 109.9 405.3
2 90 12 225 291.5 78.3 276.6
3 60 48 225 222.7 99.4 331.4
4 90 48 225 235.2 71.9 335.7
5 60 30 12.0 264.4 84.6 3293
6 90 30 12.0 262.3 59.3 266.0
7 60 30 33.0 210.2 74.1 382.1
8 90 30 33.0 206.0 65.6 242.8
9 75 12 12.0 224.8 65.6 3335

10 75 48 12.0 226.9 65.6 339.9
11 75 12 33.0 274.8 40.3 312.4
12 75 48 33.0 206.0 67.7 377.8
13 75 30 225 270.6 69.8 398.9
14 75 30 225 2435 53.0 263.9
15 75 30 225 293.5 42.4 259.7
16 60 12 22.5 224.8 112.0 407.4
17 90 12 225 295.6 74.1 280.8
18 60 48 225 220.6 93.0 335.7
19 90 48 225 239.4 71.9 339.9
20 60 30 12.0 262.3 90.9 327.2
21 90 30 12.0 270.6 57.2 259.7
22 60 30 33.0 210.2 71.9 386.3
23 90 30 33.0 199.8 71.9 255.5
24 75 12 12.0 229.0 67.7 339.9
25 75 48 12.0 2227 63.5 335.7
26 75 12 33.0 268.5 38.2 304.0
27 75 48 33.0 204.0 71.9 386.3
28 75 30 225 249.8 67.7 405.3
29 75 30 225 2435 59.3 259.7
30 75 30 22.5 289.4 46.6 268.1
31 60 12 225 222.7 105.7 411.6
32 90 12 225 293.5 71.9 272.4
33 60 48 225 2123 97.3 339.9
34 90 48 225 2435 67.7 337.8
35 60 30 12.0 258.1 86.7 335.7
36 90 30 12.0 270.6 50.8 263.9
37 60 30 33.0 216.5 67.7 388.4
38 90 30 33.0 216.5 67.7 251.3
39 75 12 12.0 241.5 63.5 337.8
40 75 48 12.0 218.5 67.7 342.0
41 75 12 33.0 266.5 424 299.8
42 75 48 33.0 220.6 67.7 386.3
43 75 30 225 268.5 67.7 394.7
44 75 30 225 251.9 55.1 261.8
45 75 30 22.5 299.8 42.4 261.8
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Source DF SS MS F value p-value
Regression 9 22757 2528.6 6.08 <0.01
Linear 3 11969 2401.6 5.77 <0.01
Quadratic 3 6945 2314.8 5.56 0.04
Interaction 3 3843 1281.1 3.08
Residual error 35 14567 416.2
Total 44 37324

I)DF, degree of freedom; SS, sum of square; MS, mean of square.
Table 3. Regression coefficients and their probabilities for the response of xylanase activity

Term Coefficient Standard error T value p-value
Constant —306.407 177.895 —1.722 0.094
Heat 9.364 4232 2.213 0.034
Time 6.618 2214 3.116 0.004
Filler 10.625 3.893 2.729 0.010
Heat x Heat —0.046 0.027 —1.671 0.104
Time x Time —0.043 0.019 —2.266 0.030
Filler x Filler —0.184 0.056 —3.314 0.002
Heat x Time —0.046 0.022 —2.093 0.044
Heat x Filler —0.018 0.037 —0.472 0.064
Time x Filler —0.067 0.031 —2.152 0.038
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Fig. 1. Effects of heating temperature, heating time
and filler content on enzyme activities from
slaughterhouse rumen content. (A), (B) and (C)
indicate xylanase, cellulase and amylase activity,
respectively.
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Table 4. Analysis of variance” for the effect of variables on cellulase activity from slaughterhouse rumen content

Source DF SS MS F value p-value
Regression 9 11681 1297.89 19.57 <0.01
Linear 3 3674 2160.81 32.58 <0.01
Quadratic 3 6707 2235.60 33.71 <0.01
Interaction 3 1300 433.46 6.54 <0.01
Residual error 35 2321 66.31
Total 44 14002

D DF, degree of freedom; SS, sum of square; MS, mean of square.
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Table 5. Regression coefficients and their probability for the response of cellulase activity

Term Coefficient Standard error T value p-value
Constant 768.937 71.0104 10.829 <0.01
Heat —16.159 1.16894 —9.565 <0.01
Time —3.625 0.8477 —9.923 <0.01
Filler —2.247 1.5540 —1.446 0.157
Heat x Heat 0.094 0.0109 8.646 <0.01
Time x Time 0.033 0.0076 4335 <0.01
Filler x Filler —0.058 0.0222 —2.635 0.012
Heat x Time 0.008 0.0087 0.897 0.376
Heat x Filler 0.046 0.0149 3.066 0.004
Time x Filler 0.038 0.0124 3.066 0.004
(A) C Plot of Xyl vs Filler, Time (B) Contour Plot of Xylanase vs Time, Heat
Aylanase 35 4
= -
- > 260
Held Values ||
= £
20
151
20 25 30 35 40 45 60
Time, hour
(C) C Plot of cellul vs Filler, Time (D) C Plot of cellul vs Filler, Heat
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Fig. 2. Contour plots for the interactions among variables on enzyme production from slaughterhouse rumen
content. (A) and (B) indicate the interactions between heating time and filler content, and between
heating temperature and time on xylanase activity, respectively. (C) and (D) indicate the interactions
between heating time and filler content, and between heating temperature and filler content on cellulase
activity, respectively. (E) indicates the interaction between heating temperature and heating time on
amylase activity.
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Table 6. Analysis of variance' for the effect of variables on amylase activity from slaughter rumen content

Source DF SS MS F value p-value
Regression 9 77558 8618 6.91 <0.01
Linear 3 44372 9726 7.80 <0.01
Quadratic 3 11980 3993 3.20 0.035
Interaction 3 21206 7069 5.67 <0.01
Residual error 35 43643 1247
Total 44 121201

D DF, degree of freedom; SS, sum of square; MS, mean of square.
Table 7. Regression coefficients and their probabilities for the response of amylase activity

Term Coefficient Standard error T value p-value
Constant 710.364 307.924 2.307 0.027
Heat —3.168 7.326 —0.432 0.668
Time —-17.1 3.676 —4.652 <0.01
Filler 5.572 6.738 0.827 0.414
Heat x Heat —0.006 0.047 —0.124 0.902
Time X Time 0.101 0.033 3.074 0.004
Filler x Filler 0.004 0.096 0.041 0.967
Heat x Time 0.124 0.038 3.277 0.002
Heat x Filler —0.108 0.065 —1.673 0.103
Time x Filler 0.1 0.054 1.863 0.071
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