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Abstract

The climate crisis significantly impacts the livestock industry, prompting the pursuit of
cross-governmental carbon-neutral policies. In response, the livestock sector aims for
sustainable pig farming through detailed implementation strategies based on four
criteria: specification management, livestock manure management, facility management,
and energy-saving technologies. These strategies include the adoption of low-protein
feed, low-methane feed, productivity enhancement, and self-mixed feed distribution.
Low-protein feed plays a crucial role in improving production efficiency and reducing
environmental pollutant emissions, making it the most realistic and effective method for
achieving carbon neutrality. Additionally, establishing a database for alternative ingredients
to replace the most commonly used corn-soybean meal in pig feed can stabilize feed
prices, while exploring options to utilize local food by-products for feed production
should also be considered. However, the effectiveness of the aforementioned carbon
reduction strategies fundamentally relies on the application of precision nutrition
specifications. Ultimately, it is anticipated that the implementation of carbon reduction
specifications based on precision nutrition will enhance feed efficiency and reduce
environmental pollution in livestock farming, thus contributing to the sustainable
development of the livestock industry in the future.
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Fig. 1. Planetary boundaries.
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Fig. 2. Changes in average daily gain (ADG) in response to L-lysine supplementation in the finishing phase
were analyzed using a broken-line analysis. The L-lysine axis was based on 100% purity, calculated from
either L-lysine HCI (78.8% purity) or L-lysine sulfate (60.0% purity). The equation derived from the analysis
was ADG = 0.926 + 0.314 x zI, with a coefficient of determination (&%) of 0.97. The breakpoint occurred
at a L-lysine level of 0.24% (95% confidence interval: 0.10-0.37) when ADG was 0.926 kg/d. The p-value
for the asymptote was < 0.001, for the slope it was 0.033, and for the breaking point it was 0.002.
Additionally, the variable z1 was defined such that if L-lysine is < breakpoint, then z1 = 0; if L-lysine is
> breakpoint, then z1 = L-lysine — breakpoint. Adapted from Rocha et al. (2022) with CC-BY.
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Table 1. Nutritional composition of various co— and by-productis

Nutrient CEM CMSE DDGS-W DDGS-C DDGS-CHP DDGS-S
CP (%) 35.15 37.50 36.61 28.89 45.35 30.80
DM (%) 92.35 91.33 92.59 90.82 91.20 89.84
ME (kcal/kg) NA 3,013 2,902 3,158 3,732 3,669
Essential AA
AA (%)
Lys (%) 1.62 2.07 0.73 0.87 1.22 0.82
Met (%) 0.87 0.71 0.52 0.62 0.93 0.54
Thr (%) 1.30 0.55 1.13 1.13 1.59 1.06
Trp (%) 0.42 043 0.37 0.21 0.24 0.25
Val (%) 1.81 1.78 1.60 1.56 2.12 1.65

Nutrtion composition of CEM, CMSE, DDGS-W, DDGS-C, DDGS-CHP, and DDGS-S are calculated from chemical composition using equations from NRC (2012).
CP, crude protein; DM, dry matter; ME, metabolizable energy: CEM, camelina meal; DDGS-W, distillers dried grains with soluble of wheat; DDGS-C, distillers dried grains
with soluble of corn; DDGS-CHP distillers dried grains with soluble of corn high protein; DDGS-S, distillers dried grains with soluble of sorghum; NA, not applicable.
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o, Alo]F= FE0] 27%, TEHE 53%, AW 12%, A 6%2] H|&o|th B AR S 5%,
ErskE 67%, AW18%, DA 8% LERHTH43).

Rojas et al.2 34, cornDDGS, bakery meal®] FJFJE L AFEE v|w A S99
At Dry matter(DM)= fFARBIACH, 2t Q19 &0l 9] oF 2H]& cornDDGSe}
QARgE o]tk Ash9} Phytate= 42429} cornDDGS tH] 2-34] &2 $Z 02 Uyt
ASHEL 8420} H|1WS}0] metabolizable energy(ME)= 9F 3% W2 42320|L}, gross energy
(GE), apparent total tract digestibility(ATTD), digestable energy(DE)Q} F-AFSH 4528 H 3Tt
ZpeFgdol Histol ATTD= of 9% ROy MEw= Wt Eo% HuHIrH44].
Luciano et al.9] o]fAk= BMgo] AgollA diz+ di¥] BM 30% HAIIS ol 042 d
TR 37 g A0 {7 AATHA4S]. S9%E 28-42 doflA] average daily gain(ADG)7} 0%
] 15% CHAISILS W oF 23% Z7HHON, ALEEES 0452 16k 2715He 210 bt
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