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ABSTRACT

This study was conducted to introduce recycling procedures of food waste (FW) as feed according to the
dehydration, semi-dehydration fermentation and liquid fermentation methods through the on-site survey of
companies related, to trace physico-chemical components and nutritional losses depending upon the
processing stage for each method and finally to suggest more desirable methodology for the efficient
utilization of FW as animal feed. For the dehydration method, dewatering of FW alone reduced (P<0.05)
moisture (approximately 10%) and ether extract contents and increased (P<0.05) fiber contents. Dewatering
and subsequent dehydration of FW decreased (P<0.05) contents of ether extract, limiting amino acids such
as lysine, methionine and histidine, pepsin digestibility of protein by half, and NaCl content by 40%,
increased (P<0.05) contents of fiber, crude ash, Ca and P, and did not alter (P>0.05) pH. The
semi-dehydration fermentation method of FW did not affect (P>0.05) the chemical components, pepsin
digestibility of protein, pH and NaCl content. For the liquid fermentation method, pasteurization and
fermentation of FW decreased (P<0.05) contents of dry matter, ether extract, crude fiber, lysine and NaCl;
however, it did not affect (P>0.05) other chemical components, pepsin digestibility of protein and pH.
Among the processing methods, nutrient losses were highest for the dehydration method (25% of
metabolizable energy loss, 12% of organic matter loss) and little for the semi-dehydration and liquid
fermentation methods. The on-site survey of companies related revealed that the existence of foreign
materials in FW products were problematic for all the three companies surveyed, thus it was necessary to
develop a more efficient screener. Before feeding FW-containing diets to pigs, high quality of protein and
energy feedstuffs needed to be fortified for the dehydration method. For the semi-dehydration fermentation
method, the scientific diet formulation technology was required at the initial mixing stage. For the liquid
fermentation method, possibly most energetic and proteinaceous feeds needed to be supplemented for the
normal animal growth.
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Table 1. Processing procedure of food waste depending upon dehydration, semi-dehydration
fermentation, and liquid fermentation methods

Dehydration Semi-dehydration fermentation Liquid fermentation
1. Dewatering 1. Dewatering 1. 1* screening
2. Screening 2. Screening 2. Grinding
3. Grinding 3. Grinding 3. 2™ screening
4. Dehydration 4. Blending with other feeds 4. Pasteurization
5. Pasteurization 5. Fermentation
6. Aging 6. Blending with other feeds
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Table 2. Chemical composition(dry matter basis) of food waste depending upon the processing
stage for the dehydration method”

Processing stage

Ttem” Before After After SE
dewatering dewatering dehydration
Dry matter (%) 19.9° 29.4° 89.6° 1.8
Organic matter (%) 86.7" 81.9" 74.8° 4.0
Crude protein (%) 19.8 18.0 17.7 1.2
Neutral detergent fiber (%) 24.8° 34.1° 30.4° 1.8
Acid detergent fiber (%) 20.0° 26.8" 27.3 1.3
Crude fiber (%) 11.6" 17.7° 13.3* 1.0
Nonfibrous carbohydrates (%) 28.3" 21.2° 19.4° 2.1
Ether extract (%) 13.8" 8.6" 7.3 1.0
Nitrogen-free extract (%) 41.5 37.6 36.5 2.6
Crude ash (%) 13.3" 18.1° 25.0° 4.0
Calcium (%) 2.13° - 3.23° 0.57
Phosphorus (%) 0.47° - 0.64° 0.09
Gross energy (Mcal/kg) 4.514 4.464 3.840 0.256
Digestible energy (Mcal/kg) 3.391 3.407 2.870 0.241
Metabolizable energy (Mcal/kg) 3.304 3.331 2.804 0.236
pH 439 4.67 4.82 0.19
NaCl (%) 3.69" 213 221° 0.33

" Means of 5 observations.
? Digestible and metabolizable energy were calculated according to the equations of Noblet and Perez(1993) and
May and Bell(1971), respectively.

®* Means with different superscripts within the same row are significantly different(P<0.05).
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Table 3. Amino acid contents and pepsin digestibility of food waste according to the
processing stage for the dehydration method”

Processing stage

Item Before After dewatering & SE
dewatering dehydration
e % ceeees eecsrsses sassss sas ses ase oes
Essential amino acids
Lysine 0.59" 0.41° 0.04
Methionine 0.25" 0.17° 0.01
Threonine 0.68 0.57 0.05
Isoleucine 0.62 0.55 0.03
Valine 0.78 0.69 0.04
Leucine 1.16 1.02 0.06
Histidine 0.49° 0.33 0.03
Phenylalanie 0.76 0.70 0.02
Arginine 0.76 0.81 0.14
Non-essential amino acids
Aspartic acid 1.41 1.27 0.08
Glutamic acid 2.28 2.08 0.20
Serine 0.69 0.59 0.03
Proline 0.57 0.71 0.17
Glycine 0.93 1.02 0.07
Alanine 1.02 0.89 0.05
Tyrosine 0.53 0.46 0.07
Cystine 0.22 0.18 0.07
Total amino acids 13.74 12.45 0.64
Pepsin digestibility 76.6" 41.1° 3.5

D Based on dry matter.
* Means with different superscripts with in the same row are significantly different(P<0.05).
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Table 4. Chemical compositions(dry matter basis) of food waste mixture according to the
processing stage for the semi-dehydration fermentation method”

Processing stage

Ttem” Before After SE
pasteurization pasteurization Aged
Dry matter (%) 54.7 59.9 61 34
Organic matter (%) 89.8 89.6 89.9 1.3
Crude protein (%) 13.4 17.3 17.4 0.6
Pepsin digestibility (%) 82.5 80.9 80.4 2.1
Neutral detergent fiber (%) 254 242 27.1 24
Acid detergent fiber (%) 14.1 14.2 153 0.8
Crude fiber (%) 10.2 9.9 9.8 0.9
Nonfibrous carbohydrates (%) 39.7 40.5 40.2 2.0
Ether extract (%) 7.5 7.3 7.4 0.9
Nitrogen-free extract (%) 54.8 55.2 55.2 2.5
Crude ash (%) 10.1 10.4 10.1 1.3
Gross energy (Mcal/kg) 4.422 4.262 4.167 0.196
Digestible energy (Mcal/kg) 3.210 2.984 2.966 0.349
Metabolizable energy (Mcal/kg) 3.177 2.938 2.919 0.366

Y Means of 5 observations.

2 Digestible and metabolizable energy were calculated according to the equations of Noblet and Perez(1993)

and May and Bell(1971), respectively.
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Table 5. Chemical compositions(dry matter basis) of food waste before and after pasteuri-
zation for the liquid fermentation method”

Processing stage

Item®

Before After pasteurization and SE
pasteurization fermentation

Dry matter (%) 19.9* 16.9° 0.5
Organic matter (%) 84.8 86.0 0.7
Crude protein (%) 22.1 22.5 0.3
Neutral detergent fiber (%) 18.5 16.7 1.3
Acid detergent fiber (%) 13.1 139 1.2
Crude fiber (%) 6.3" 59 0.1
Nonfibrous carbohydrates (%) 27.2 30.7 39
Ether extract (%) 18.9° 15.2° 1.3
Nitrogen-free extract (%) 322 424 4.7
Crude ash (%) 15.2 14.0 0.7
Gross energy (Mcal/kg) 5.024 4.885 0.097
Digestible energy (Mcal/kg) 3.972 3.826 0.079
Metabolizable energy (Mcal/kg) 3.807 3.708 0.076
pH 4.49 4.49 0.02
NaCl (%) 5.16" 4.40° 0.18

Y Means of 5 observations.

% Digestible and metabolizable energy were calculated according to the equations of Noblet and Perez(1993)

and May and Bell(1971), respectively.

® Means with different superscripts within the same row are significantly different(P<0.05).
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Table 6. Amino acid contents and pepsin digestibility of food waste before and after
pasteurization for the liquid fermentation method”

Processing stage

Item Before After pasteurization SE
pasteurization and fermentation
. % S
Essential amino acids
Lysine 0.84" 0.80° 0.01
Methionine 0.24 0.23 0.01
Threonine 0.79 0.77 0.01
Isoleucine 0.80 0.79 0.02
Valine 0.95 0.95 0.01
Leucine 1.37 1.35 0.02
Histidine 0.86 0.92° 0.01
Phenylalanie 0.68 0.67 0.02
Arginine 1.13 0.98 0.02
Non-essential amino acids
Aspartic acid 1.79 1.72 0.03
Glutamic acid 3.52 3.51 0.12
Serine 0.85 0.81 0.01
Proline 1.24 1.07 0.04
Glycine 1.49 0.70 0.47
Alanine 1.42 1.40 0.02
Tyrosine 0.56 0.58 0.01
Cystine 0.20 0.22 0.01
Total amino acids 18.71 17.47 0.47
Pepsin digestibility 77.3 78.8 3.4
" Based on dry matter.
® Means with different superscripts within the same row are significantly different(P<0.05).
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Table 7. Differences in chemical contents(dry matter basis) of food waste or its mixture
after processed by the dehydration, semi-dehydration fermentation and liquid

fermentation methods™?

Processing methods

Item Dehyd-

Jehyd sp  Semidehy-gp  iquia  sp
Organic matter (%) -11.52°  9.62 0.10° 0.90 1.24° 1.58
Crude protein (%) -2.14 2.33 —0.08 0.53 0.18 0.82
Neutral detergent fiber (%) 557" 3.41 1.74% 5.42 -232° 1.81
Acid detergent fiber (%) 7.44* 372 1.24° .03 —018 091
Crude fiber (%) 1.68° 1.69 —0.34" 0.26 -0.22" 0.52
Nonfibrous carbohydrates (%) —8.89° 6.53 0.50° 1.82 7.11° 347
Ether extract (%) —-6.51" 1.07 —0.06" —0.79 =377 2.83
Nitrogen-free extract (%) —-4.92° 7.19 0.42" 0.98 4.05° 441
Crude ash (%) 11.88 9.27 0.08" 0.96 —1.24° 1.58
Gross energy (Mcal/kg) —0.679 0.614 —0.275 0478  —0.048 0.074
Digestible energy (Mcal/kg’) —0.840° 0482  —0244®° 0485 —0.141" 0.175
Metabolizable energy (Mcal/kg®) —0.810° 0475  —0257° 0482  —0.099°  0.169

Y Means of 5 observations.

? Differences were determined before and after processing food waste alone for dehydration and liquid

fermentation methods and before and
fermentation method.

after processing food waste mixture for semi-dehydration

* Digestible and metabolizable energy were calculated according to the equations of Noblet and Perez(1993)

and May and Bell(1971), respectively.
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