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Effects of Fermented Diets Including Liquid By-products on

Nutrient Digestibility and Nitrogen Balance in Growing Pigs
Je Hyun Lee, Hyun Jung Jung, Dong Woon Kim, Sung Dae Lee, Sang Ho Kim,
In Cheul Kim, In Ho Kim*, Sang Jip Ohh** and Sung Back Cho
National Institute of Animal Science, RDA

Summary

This study was conducted to evaluate the effects of fermented diets including liquid by-products
on nutrient digestibility and nitrogen balance in growing pigs. Treatments were 1) CON (basal
diet), 2) F (fermented diet with basal diet), 3) KF (fermented diet with basal diet including 30%
kale pomace), 4) AF (fermented diet with basal diet including 30% angelica keiskei pomace), 5)
CF (fermented diet with basal diet including 30% carrot pomace) and 6) GF (fermented diet with
basal diet including 30% grape pomace). A total of 24 pigs(41.74kg average initial body weight,
Landrace x Yorkshire x Duroc), were assigned to 6 treatments, 4 replicates and 1 pig per metabolic
cage in a randomized complete block (RCB) design. Pigs were housed in 0.5<1.3m metabolic cage
in a 17d digestibility trial. During the entire experimental period, Digestibility of dry matter
(p<0.05) of treatment CON, F and CF were higher than other treatments. In crude protein
digestibility, treatment F was higher than treatment AF and GF (p<0.05). Treatment GF showed
the lowest digestibility of crude fiber among all treatments (p<0.05). In ether extract digestibility,
treatment AF and CF showed higher than other treatments (p<0.05) except KF treatment. CF
treatment showed the best digestibility of ash among all treatments (p<0.05). Whereas, For Ca
and P digestibility, CF and GF treatments were improved than other treatments (p<0.05). Energy
digestibility (p<0.05) of CON, F and CF treatments were higher than KF, AF and GF treatments.
In total essential amino acid digestibility, F treatment was improved than AF, CF and GF
treatments (p<0.05). In total non-essential amino acid digestibility, F treatment was higher than
CON, AF and GF treatments (p<0.05). In total amino acid digestibility, F treatment was higher
than AF and CF treatments (p<0.05) and GF treatment showed the lowest digestibility (p<0.05). In
fecal nitrogen excretion ratio, GF treatment was greatest among all treatments (p<0.05) and F
treatment was decreased than other treatments (p<0.05). In urinary nitrogen excretion ratio, CON
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and GF treatments showed the lowest among all treatments (p<0.05). In nitrogen retention ratio,
CON treatment showed the high and KF treatment showed the lost among all treatments (p<0.05).
Therefore, this experiment suggested that fermented diet could improve nutrient and amino acid

digestibilities of growing pigs.

(Key words : Liquid by-product, Fermented diet, Digestibiltiy, Pigs)
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Table 1. Formula and chemical composi-
tion of the basal diet
Ingredient (%) Basal diet
Com 62.57
Soybean meal (44%) 19.08
Wheat 6.41
Molasses 4.00
Wheat bran 1.57
Soy oil 3.00
Fish meal (57%) 043
Limestone 1.09
DCP 0.73
Salt 0.25
Lysine 0.25
Mineral Mixture” 0.25
Vitamin-Mixture? 0.27
Antibiotics 0.10
Total 100.00
Chemical composition”
Dry matter (%) 86.60
Gross energy (kcal/kg) 3,922
Crude protein (%) 14.72
Ether extract (%) 594
Crude fiber (%) 2.79
Crude ash (%) 3.83
Ca (%) 1.07
Total P (%) 0.49

Y provided the following per kilogram of diet :
choline chloride 700 mg; selenium 0.15 mg; manganese
0.03g; zinc 0.1g iron 0.1g; iodine 0.5mg;
magnesium 0.1 g.

? Provided the following per kilogram of diet :
vitamin A 5,500 IU; vitamin D; 550 IU; vitamin
E 27 IU; menadione sodium bisulfate 2.5 mg;
pantothenic acid 27 mg; niacin 33 mg; riboflavin
5.5mg; vitamin Bp 0.04mg; thiamin 5 mg;
pyrid- oxine 3 mg; biotin 0.24 mg; folic acid
1.5 mg.

» Analyzed values.
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Table 2. Proximate nutrients and amino acid profiles of pomace by-products (DM basis)"

Items Kale meal Angehrf’cé a{‘ewke’ Carrot meal Grape meal
Dry matter (%) 12.71 15.83 9.75 29.23
Gross energy (kcal’kg) 3,704 3,722 3,488 4,830
Crude protein (%) 17.55 9.52 7.89 8.26
Ether extract (%) 3.23 1.15 2.82 7.67
Crude fiber (%) 19.28 25.62 14.79 38.24
Crude ash (%) 8.61 6.35 5.16 2.25
Ca (%) 1.78 1.66 0.32 0.21
Total P (%) 0.23 0.26 0.31 0.23
Essential amino acids (%)
Arginine 0.77 0.45 0.27 0.47
Histidine 0.31 0.17 0.08 0.20
Isoleucine 0.55 0.35 0.19 0.28
Leucine 1.13 0.73 0.30 0.55
Lysine 0.85 0.49 0.21 033
Methionine 0.20 0.13 0.05 0.11
Phenylalanine 0.72 0.47 0.17 -0.32
Threonine 0.72 0.43 0.21 0.30
Valine 0.79 0.45 0.27 0.36
Non-essential amino acids (%)
Alanine 0.89 0.53 0.63 0.49
Asparatic acid 1.52 0.87 0.88 0.65
Cystine 0.19 0.12 0.10 0.15
Glutamic acid 1.93 1.00 1.00 1.47
Glycine 0.76 0.50 0.22 0.56
Proline 0.77 0.41 0.18 0.34
Serine 0.77 043 0.25 0.36
Tyrosine 0.35 0.30 0.11 0.16
Total amino acids (%) 13.22 7.81 5.10 7.10

Y Analyzed values.
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Table 3. Proximate nutrients and amino acid composition of experimental diets (DM basis)"

Items CON? F” KF” | AFY CF’ GF”
Dry matter (%) 86.60 61.51 30.32 35.03 31.15 37.83
Gross energy (kcal/kg) 3,922 4,224 3,974 4,010 4014 4,454
Crude protein (%) 14.72 15.60 17.30 13.13 14.53 14.55
Ether extract (%) 594 5.83 4.59 491 4.59 7.30
Crude fiber (%) 2.79 3.00 8.40 1241 572 15.59
Crude ash (%) 3.83 3.86 5.52 4.83 4.15 3.59
Ca (%) 1.07 098 1.28 1.31 0.79 0.72
Total P (%) 0.49 0.52 0.50 0.42 047 0.43
Essential amino acids (%)
Arginine 0.88 0.94 0.79 0.68 0.70 0.74
Histidine 0.36 0.39 0.34 0.28 0.32 0.34
Isoleucine 0.51 0.55 0.67 0.47 0.49 0.51
Leucine 1.35 1.44 1.59 1.15 1.21 1.23
Lysine 0.99 0.89 0.74 0.79 0.61 0.82
Methionine 0.20 0.20 0.21 0.17 0.16 0.19
Phenylalanine 0.72 0.78 0.87 0.61 0.62 0.65
Threonine 0.59 0.62 0.64 0.54 0.54 0.56
Valine 0.60 0.63 0.85 0.58 0.59 0.62
Non-essential amino acids (%)
Alanine 0.80 0.83 1.39 0.75 0.95 0.80
Asparatic acid 1.48 1.55 1.44 1.25 1.31 1.33
Cystine 025 0.29 0.28 0.21 024 025
Glutamic acid 2.83 3.03 2.66 2.14 2.64 2.68
Glycine 0.64 0.68 0.82 0.62 0.60 0.70
Proline 0.93 1.09 1.14 0.77 0.89 0.90
Serine 0.80 0.84 0.79 0.66 0.71 0.73
Tyrosine 0.49 0.51 0.50 0.39 0.38 0.38
Total amino acids (%) 14.41 15.26 15.71 12.07 12.96 13.41
K Analyzed values.

? Abbreviated CON, dry compound diet; F, fermented liquid compound diet; KF, fermented liquid compound diet with
30% kale pomace; AF, fermented liquid compound diet with 30% angelica keiskei pomace; CF, fermented liquid
compound diet with 30% carrot pomace; GF, fermented liquid compound diet with 30% grape pomace.
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Table 4. Effects of fermented diets including liquid by-products on approximate nutrient
and energy digestibility in growing pigs

Items (%) CON" F" KF" AFY CF" GF" SE?
DM 87.24* 88.21° 82.92° 84.26" 88.66" 65.21° 0.79
CP 82.74% 84.53 82.55% 78.57° 81.79% 61.82° 1.41
CF 82.11° 77.92 75.49° 7224 72.17° 56.21° 4.71
EE 58.02° 60.64" 68.45° 80.65° 79.47 11.54° 4.77
ash 56.92° 60.20" 61.95™ 61.01% 74.16* 63.30° 1.78
Energy 86.10° 87.34° 80.76" 82.35° 86.79° 59.91° 0.95

Y Abbreviated CON, dry compound diet; F, fermented liquid compound diet; KF, fermented liquid compound diet with
30% kale pomace; AF, fermented liquid compound diet with 30% angelica keiskei pomace; CF, fermented liquid
compound diet with 30% carrot pomace; GF, fermented liquid compound diet with 30% grape pomace.

? Pooled standard error.

®) Means in the same row with different superscripts differ (p<0.05).
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Table 5. Effects of fermented diets including liquid by-products on calcium and phos-

phorous digestibility in growing pigs

Items (%) CON" F" KF" AF" CF" GF" SE?
Ca 65.05° 68.13° 52.07° 53.57° 74.87% 79.60° 3.27
p 50.49° 5291° 50.00° 59.98" 72.53* 70.06* 3.19

D Abbreviated CON, dry compound diet; F, fermented liquid compound diet; KF, fermented liquid compound diet with
30% kale pomace; AF, fermented liquid compound diet with 30% angelica keiskei pomace; CF, fermented liquid
compound diet with 30% carrot pomace; GF, fermented liquid compound diet with 30% grape pomace.

? Pooled standard error.

9 Means in the same row with different superscripts differ (p<0.05).
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Table 6. Effects of fermented diets including liquid by-products on amino acid digestibility
in growing pigs
Items (%) CON" F" KF" AFV CF" GF" SE?
Essential amino acids
Arginine 93.56" | 94.99° | 88.99° | 88.41° | 93.53* | 74.57° 0.64
Histidine 93.51° | 94.80° | 88.51° | 87.75° | 93.53* | 71.42° 0.86
Isoleucine 83.41° | 8476" | 84.13% | 7830° | 79.60° | 61.22° 1.93
Leucine 84.50° | 89.61* | 8891 | 8531® | 8641 | 70.23° 1.39
Lysine 87.90 | 90.20* | 84.45% | 8545 | 8298 | 69.69° 1.49
Methionine 77.91° | 8532* | 81.85® | 78.02° | 77.74° | 60.90° 1.84
Phenylalanine 87.57° | 90.58* | 87.47" | 83.49° | 8647 | 69.26° 1.18
Threonine 81.84° | 87.41* | 81.88° | 79.91° | 82.77° | 64.06° 1.34
Valine 82.94° | 84.61*° | 86.60° | 80.47° | 81.28 | 60.86° 1.95
Non essential amino acids
Alanine 79.46" | 85.89% | 88.92° | 81.94% | 83.63® | 64.54° 223
Asparatic acid 86.81° | 8947 | 8519 | 82.07° | 8553 | 69.10° 1.42
Cystine 86.56° | 90.83* | 83.88° | 79.33° | 86.35° | 61.84¢ 0.91
Glutamic acid 90.41° | 93.49° | 9027° | 87.32° | 90.86® | 75.41¢ 0.89
Glycine 82.65° | 86.77° | 83.08° | 80.09° | 79.93° | 59.52° 1.72
Proline 89.48%" | 94.03* | 91.49® | 88.65° | 90.73® | 55.89° 1.60
Serine 88.14" | 91.90* | 86.76° | 85.36° | 8821° | 71.87° 1.06
Tyrosine 87.32" | 90.77* | 86.26° | 8267 | 87.83% | 72.93¢ 0.68
Total EAA 86.51° | 89.65* | 86.56® | 83.69° | 85.55° | 67.92° 121
Total NEAA 87.46" | 91.22* | 88.02%° | 84.55° | 87.67% | 68.63° 1.13
Total AA 87.06° | 90.56* | 87.06° | 84.17° | 86.81% | 68.33° 1.16

" Abbreviated CON, dry compound diet; F, fermented liquid compound diet; KF, fermented liquid compound diet
with 30% kale pomace; AF, fermented liquid compound diet with 30% angelica keiskei pomace; CF, fermented

liquid compound diet with 30% carrot pomace; GF, fermented liquid compound diet with 30% grape pomace.

? Pooled standard error.

*9 Means in the same row with different superscripts differ (p<0.05).
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Table 7. Effects of fermented diets including liquid by-products on feces and urine

excretion in growing pigs

Items coN" | PV KF AFY crY GF" SE?
Feed intake (kg/d) 1.72% | 1.42° | 278 | 263" | 273® | 250® | 031
Feed intake (DM/kg/d) 149 | 087° | 085" | 092° | 085" | 095° 0.11
Feces (kg/d) 058" | 038 | 063° | 078" | 039° | 1.22° 0.12
Feces (DM/kg/d) 0.19° | 0.10° | 015 | 015* | 010° | 032° | 0.02
Urine (L/d) 223 3.34 4.04 2.38 2.70 1.96 0.83

" Abbreviated CON, dry compound diet; F, fermented liquid compound diet; KF, fermented liquid compound diet with
30% kale pomace; AF, fermented liquid compound diet with 30% angelica keiskei pomace; CF, fermented liquid
compound diet with 30% carrot pomace; GF, fermented liquid compound diet with 30% grape pomace.

? Pooled standard error.

9 Means in the same row with different superscripts differ (p<0.05).

s} F A7t 247 0.10kge 2 7H A}
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W F uAFE 2 AL AE 4380
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Table 8. Effects of fermented diets including liquid by-products on nitrogen balance in
growing pigs
Items CON" F” KF" AF CF" GF" SE”
Intake N (g/d) 35020 | 21.76° | 23.34° | 1939 | 19.78"° | 22.04° | 259
Fecal N (g/d) 6.42° | 3.40° | 434% | 461 | 407° | 846 | 068
Urinary N (g/d) 872" | 956% | 13.04 | 685" | 915 | 552° 1.58
N Retention (g/d) 19.89° | 880" | 594" | 793" | 655" | 806" | 097
Fecal N excretion ratio (%) | 18.34% | 15.85¢ | 1871 | 23.34" | 2049™ | 3827° | 137
Urinary N excretion ratio (%) | 24.82° | 43.54% | 5541° | 3559° | 4637% | 2429° | 296
N retention ratio (%) 56.84° | 40.60° | 25.88° | 41.06° | 33.15% | 37.44° | 333

! Abbreviated CON, dry compound diet; F, fermented liquid compound diet; KF, fermented liquid compound diet with
30% kale pomace; AF, fermented liquid compound diet with 30% angelica keiskei pomace; CF, fermented liquid
compound diet with 30% carrot pomace; GF, fermented liquid compound diet with 30% grape pomace.

3 pooled standard error.

® Means in the same row with different superscripts differ (p<0.05).
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