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ABSTRACT 
	Aims: To develop precision feed intake-based swine nutrition models for Large White and Landrace pigs associated with physiological stage to enhance feed efficiency, reproductive performance, and overall cost-efficient production. 
Study Design: Descriptive statistics were used to characterize performance indicators, while correlation and multiple regression analyses were applied to formulate precision feeding models and assess their predictive reliability.  
Place and Duration of Study: International Training Center on Pig Husbandry, Lipa City, Batangas, Philippines from January 1, 2022 to June 25, 2025.
Methodology: Productive and reproductive performance data of Large White (407 individual records) and Landrace (361 individual records) pigs were collected and analyzed according to physiological stage: breeder boars, sows, and grower-finishers. Variables included, actual feed intake, average daily gain (ADG), feed conversion ratio (FCR), actual feed intake, lactation length, litter size, birth weight, and mortality rate. 
Results: Findings indicated that ITCPH implemented semi-automated feeding system, along with breed-specific feed formulations and the incorporation of alternative feed resources, contributed significantly to improved production. Large White pigs demonstrated higher ADG and extended lactation periods, while Landrace pigs exhibited superior reproductive metrics, including heavier birth weights, increased litter sizes, and reduced mortality rate. Both breeds achieved favorable feed conversion ratios, performing better than the national standard. For breeder boars, Model 3 which includes ADG and FCR have the highest predictive reliability with 95.81% for Large White and 91.83% for Landrace, indicating that integrating growth rate and feed efficiency provides a more robust and biologically sound. Among sows, Model 2, which incorporated reproductive traits achieved 100% predictive reliability for both breeds allowing accurate prediction of sow productivity. In grower-finishers, Model 3 (birth, weaning, nursery, finisher weight, ADG and FCR), was more reliable for Landrace pigs (98.58% reliability) which reflects the breed’s stronger response when growth and feed efficiency indicators were integrated, whereas Model 1 (birth, weaning, nursery, finisher weight), based on simpler growth indicators, was more effective for Large White pigs (90.68% reliability; p = 0.0134). 
Conclusion: Developed precision feeding models provide a basis for implementing breed- and stage-specific feeding strategies in commercial Large White and Landrace swine production. Adoption of these models can enhance feed efficiency, optimize productive and reproductive performance, and promote cost-efficient pig production.



Keywords: precision feeding, physiological stage, feed efficiency, reproductive performance

1. INTRODUCTION 
Animal production is currently facing social pressure due to increasing competition with the biological industries and the growing human demand for plant-derived raw materials. Expenses for animal feed accounts for 15-17% of the production costs for sows and their litters (Solà-Oriol and Gasa, 2017) and almost two-thirds of fatteners (Pomar et al. 2009).  Nowadays, this possible technique that aims to lower feed costs which makes up more than 60-70% of the total production expenses in swine production is becoming popular (Pomar et al., 2009).  Steinfeld et al. (2006) remarked that cattle and poultry and Nieto et al. (2002) in swine production, while supporting the population with high-quality protein and essential micronutrients, has significant detrimental effects on the environment. Maher et al. (2025) suggested that precision feeding helps reduce nutrient waste and makes pig farming less harmful to the environment.  

In the Philippines, swine production is the most significant livestock sector in terms of volume and value. The share of commercial swine farms increased from 18% in 1994 to 29% in 2021 (PSA, 2023). Between 2000 and 2020, swine contributed an average of 14.5% to agriculture’s total value of production, nearly twice that of chicken with 8.2% contribution (PSA, 2023; PSA 2024).

Several publications (Kala et al. 2025; Maher et al. 2025; Pomar & Remus, 2019; Whittemore & Kyriazakis, 2006) emphasized that nutrition is a vital factor to sustainable swine production through efficient feed intake and converting nutrients to meat and high-valued pig products. Further, this can influence the uniformity of products including the lean-to-fat ratio and fat quality. Nowadays, majority of fatteners are reared as groups and given feed depending to their nutritional requirement.  

Further, sow (dry, gestating and lactating) of the same herd required varying level of nutrition. Solà-Oriol and Gasa (2017) reported that there are normally two feeding systems for sows, first is the restricted feeding during gestation and the other is almost ad libitum during lactation which are based on the requirement of sow and suckling piglets. Uimari and Tapio, (2018) highlighted that commercial pig breeds like Landrace and Large White are significant to meeting demands because of their efficient growth rates, reproductive traits and adaptability to different farming systems. 

Kala et al. (2025) and Pomar et al. (2014) emphasized that precision feeding is primarily focus in providing optimal nutrient balance specifically required by individual pigs or groups at varying stages of growth and reproduction. This approach aims to develop systems capable of determining and providing the appropriate amount and composition of feed to each animal at the proper time, depending on its physiological requirements. Achieving individual feed efficiency in group-housed animals can be challenging, particularly when estimating nutrient requirements and providing different feed ration simultaneously (Soleimani & Gilbert, 2021). The improved feed and nutrient efficiency enabled by precision feeding systems has a significant impact on the sustainability of both conventional and alternative pig production systems. Moreover, precision feeding has been shown to improve maternal nutritional status and offspring performance, as demonstrated in traditional Iberian pigs during lactation (Aparicio-Arnay at al. 2025). These findings justify the development of predictive models for grower-finisher, boars, and sows, as well as the investigation of relationships between precision feeding and reproductive and productive traits in Landrace and Large White pigs.

2. material and methods 
2.1. Sampling Technique and Data Collection Instrument
The International Training Center on Pig Husbandry (ITCPH) in Batangas, Philippines was selected using purposive sampling based on the level of biosecurity measures and data recording. All available individual records were collected focusing on actual birth weight, weaning weight, feed given, actual feed intake, ADG, FCR, conception rate, farrowing rate, parity number, litter size, litter index, pre- and post-weaning mortality, finisher mortality, pig produced per sow per year (PPSY). Structures questionnaire was conceptualized based on the FAO (2022) to gather actual and primary farm data.

2.1. Research design and respondent of the study
The descriptive-correlational and regression methods of research was used to determine the extent and degree of relationship between two or more variables which was utilized in the formulation of feeding precision models for the actual feed intake or consumption based on swine’s physiological stages (Andretta et al. 2017; Kala et al., 2025; Pomar and Remus, 2019). 

Descriptive research involves the description, recording, analysis and interpretation of ITCPH farm characteristics. On the other hand, correlation-regression was designed to estimate the degree and significance of association between the collected reproductive and productive data. 

2.3. Validation of the research instrument
The validation of both the questionnaire and the dummy table was carried out using Cohen’s Kappa to determine the level of agreement and consistency of the collected data. Furthermore, the instruments were reviewed and evaluated by swine production experts to assess its adequacy, clarity, and relevance in capturing all the necessary information required. 

2.4. Data gathering procedure 
After finalizing and validating the structured questionnaire, a formal request for permission to conduct the study at the International Training Center on Pig Husbandry (ITCPH) was submitted. Upon approval, the researcher coordinated with the ITCPH Center Director to formally secure authorization for data collection. Focus group discussion was implemented together with the ITCPH center director, production area farm manager, and the technical staff for the orientation on the objectives and significance of the study. Real-time interviews were conducted using the validated questionnaire and survey protocols (FAO, 2022). Subsequently, permission was obtained from the farm manager to access farm records, including individual animal production and reproductive data from January 1, 2022 to June 25, 2025. 

2.5. Statistical treatment of data
All qualitative data was treated statistically using descriptive statistics while quantitative data was analyzed using Correlation-Regression of the SAS Software version 9.4. 

3. results and discussion
3.1. ITCPH Pig Farm Profile
3.1.1. Swine population structure  
Data (Table 1) presents the swine population inventory of the International Training Center on Pig Husbandry (ITCPH), Lipa City, Batangas, from 2022 to 2025. The data reflect the post–African Swine Fever (ASF) recovery period and document the center’s phased repopulation and expansion strategy. Total herd inventory increased from 460 heads in 2022 to 1,252 heads in 2025, representing a 172% increase over four years.

Breeding herd size increased steadily, with breeder boars rising from 7 to 15 heads and breeder sows from 60 to 120 heads. This expansion reflects ITCPH’s structured genetic recovery following the ASF outbreak that necessitated mandatory depopulation of government swine facilities between 2019 and 2021. The observed growth indicates compliance with national biosecurity policies and repopulation using disease-free and genetically improved stock, consistent with the Philippine National Standard Code of Good Animal Husbandry Practices (PNS, 2019).

Replacement and AI boars increased from 3 and 2 heads in 2022 to 7 heads each in 2025, supporting ITCPH’s mandate as a national training and breeding center promoting artificial insemination. The number of replacement gilts doubled from 30 to 60 heads, ensuring continuity of productive females and mitigating age-related declines in sow performance. Further, reproductive herd dynamics improved over years, with lactating sows increasing from 19 to 62 heads and dry sows from 9 to 23 heads. These trends suggest enhanced reproductive efficiency, coinciding with the implementation of precision feeding protocols based on physiological stage (Kala et al. 2025; Pomar and Remus, 2019). Precision feeding has been shown to improve farrowing performance, litter size, and piglet survival (Adretta et al. 2016; Pomar et al. 2014; Whittemore & Kyriazakis, 2006).

Piglet output increased substantially, with suckling piglets rising from 136 to 416 heads, nursery piglets from 72 to 173 heads, and grower-finisher piglets from 122 to 369 heads. Reported piglets per sow per year (18.9–21.4, Table 9) exceeded national averages of 15–18 (DOST-PCARRD, 2019), reflecting effective reproductive and post-weaning management. Moreover, the expansion of the grower-finisher population supports ITCPH’s dual function as a training and demonstration farm, indicating improvements in growth performance and feed efficiency facilitated by semi-automated feeding systems and customized diets (Nieto et al. 2002). Precision feeding has been associated with improved feed conversion efficiency and reduced production costs in Large White and Landrace pigs (Pomar and Remus, 2019; Soleimani & Gilbert, 2021).

The progressive increase across all swine developmental stages demonstrates ITCPH’s successful post-ASF recovery and sustainable scaling of operations. These outcomes are supported by precision feeding, improved reproductive management, strict biosecurity, and integrated waste management systems, aligning with national standards and international best practices in sustainable swine production.

Table 1. Population inventory of ITCPH from 2022-2025 based on Developmental Stage of Swine

	Developmental stage of swine 
	Year

	
	2022
	2023
	2024
	2025

	Breeder Boar 
	7
	7
	10
	15

	Replacement Boar  
	3
	3
	5
	7

	AI Boar 
	2
	2
	5
	7

	Breeder Sow 
	60
	60
	82
	120

	Replacement gilt 
	30
	30
	41
	60

	Lactating sow 
	19
	21
	45
	62

	Dry sow 
	9
	12
	21
	23

	Suckling piglets 
	136
	152
	238
	416

	Nursery piglets 
	72
	108
	147
	173

	Grower-finisher piglets 
	122
	134
	187
	369

	TOTAL (3.022 heads) 
	460
	529
	781
	1252



3.1.2. Farm characteristics 
The labor force composition and management practices at the International Training Center on Pig Husbandry (ITCPH) indicate a structured and technically managed production training center (Table 2). The farm exclusively employs hired laborers, ensuring that routine operations feeding, sanitation, animal health monitoring, and record keeping are carried out by trained personnel under systematic supervision.
The labor-to-animal ratio of 1:200–300 reflects efficient labor utilization for a semi-intensive to intensive swine production system and falls within FAO (2022) benchmarks for well-managed commercial pig farms. This ratio suggests high labor productivity while maintaining adequate attention to animal welfare and health. Moreover, the workforce tenure ranges from 3 to 15 years, indicates personnel stability and accumulated operational expertise. Long-term employment has been associated with improved adherence to farm protocols, enhanced biosecurity compliance, and more effective response to animal health issues (Whittemore, 2006; Aparicio-Arnay et al. 2025). All laborers receive in-house training at ITCPH, ensuring consistent application of standardized management practices aligned with institutional protocols. Proper worker training is essential to animal welfare, productivity, and food safety.
Laborers are within the 31–45-year age range, reflecting a physically capable and experienced workforce suitable for intensive animal husbandry. On-farm accommodation is provided, enabling continuous farm monitoring and reducing biosecurity risks. Strict control of personnel entry and exit is implemented as part of ITCPH’s biosecurity framework, in line with FAO (2022) and Department of Agriculture guidelines for the prevention of transboundary swine diseases such as African Swine Fever.
Table 2. Characteristics of ITCPH pig farm

	Category 
	Description 

	Type of Laborer 
	Hired 

	Laborer to Animal Ratio 
	1:200-300 

	Length of service of laborer 
	3-15 yrs 

	Knowledgeable laborer 
	Yes 

	Laborers’ source of information 
	Trained within ITCPH 

	Laborers’ Age 
	31-45 yrs old 

	Gender of laborer 
	All male 

	Provision of accommodation for laborer and staff 
	Yes 

	Control entrance and exit of laborers and staff 
	Strict biosecurity 



3.1.3. Feeding management system
The feeding management system at the International Training Center on Pig Husbandry (ITCPH) employs a combination of manual and automated methods (Table 3), allowing flexibility, efficiency, and precision in feed distribution. This hybrid approach ensures that nutritional requirements are consistently met while optimizing labor and resource use. 

The ITCPH implements a structured and standardized feeding system utilizing commercial feeds sourced from a private feed company, but with a notable distinction of the feed which is manufactured based on ITCPH’s own formulation. This arrangement ensures that while ITCPH outsources the physical production of the feeds, the nutritional content and composition are designed inhouse to meet the specific needs of their pig population.  Moreover, ITCPH primarily practices dry feeding, which offers advantages in terms of ease of handling, reduced spoilage risk, and consistent intake monitoring. This method supports optimal growth and reproductive performance in their pig breeds. No alternative feeding strategies such as wet feeding, weight-based feeding, or mixed methods are currently in place.  

Moreover, ITCPH employs a structured and science-based feeding strategy that tailored according to the animal's age, reproductive status, and production purpose. Ad libitum feeding were provided in the following stages: (1) Grower-Finisher Stage: to maximize average daily gain (ADG) and feed efficiency, pigs in this stage are allowed free access to dry formulated feeds. This supports rapid and uniform growth until they reach market weight; (2) Lactating Sows: lactating sows are also fed ad libitum to meet the high energy and protein demands of milk production, which directly impacts litter performance and sow recovery post-farrowing; and (3) Dry Sows During Moderation Period: During the transition from lactation to the next gestation cycle, dry sows undergo a brief moderation phase where feed access remains ample but monitored, ensuring optimal body condition is maintained. This approach is aligned with globally recognized swine management practices (Aparicio-Arnay. Whittemore and Kyriazakis (2006) reported that ad libitum feeding is the most efficient system for grow-finish pigs to reach target weight efficiently and is beneficial for lactating sows to support milk production demands. 

On the other hand, ITCPH practices restricted feeding for: (1) Gestating Sows: Controlled feeding is used to avoid excessive weight gain, which can negatively impact farrowing, reduce feed intake during lactation, and impair reproductive performance. Feed intake is managed based on body condition and gestational age; and (2) Boars: Feed is restricted to maintain optimal weight and enhance reproductive performance. Excess body weight in boars can impair libido and reduce semen quality, hence precision feeding is crucial. 

Table 3. Feeding Management at ITCPH pig farm
 
	Category 
	Description 

	Feeding System 
	Manual and automated methods 

	Feeding Strategy 
	Combination of Ad libitum & restricted feeding 

	Type of feeding management 
	Based on physiological stages of swine 



3.1.4. Type of feeding practice 
The ITCPH adopts a science based, nutritionally tailored feeding strategy that aligns with the physiological stages and productivity goals of swine production. The center's feeding practices reflect well-established standards in swine nutrition, promoting not only optimal performance but also cost-effectiveness and environmental stewardship. 

During the interview to the farm manager, ITCPH farm follow and used the Pig Nutrition and Feeding Manual, where pigs require feeding schemes that are adjusted based on their growth phase (e.g., piglets and weaners – Table 4, grower-finishers – Table 5, replacement gilts and boars – Table 6, sows – Table 7 and 8), with particular attention to nutrient density, feed digestibility, and physiological demand (Nieto et al. 2002). The guide provides detailed nutrient specifications such as metabolizable energy, crude protein, amino acid profile (lysine, methionine, threonine, etc.), and appropriate levels of calcium and phosphorus for various classes of pigs. 
Table 4. Feeding Scheme for Piglets and Weaners

	Age (days)
	Weight (kg)
	Feed/head/day(grams)
	Feed Type

	5-20
	1.5-5.0
	40
	Booster

	21-45
	5.0-12.0
	200-500
	Pre-starter

	46-60
	12.0-20.0
	600-1000
	Pre-starter



For example, the feeding practice for piglets emphasizes the provision of highly digestible creep feeds beginning as early as 5–7 days of age. These feeds are milk based, soft, and rich in digestible nutrients, supporting the underdeveloped digestive systems of piglets (Nieto et al. 2002). 


Table 5. Feeding scheme for grower-finisher

	Fattening weeks
	ADG= 600g/day
	ADG= 650 g/day
	ADG= 700 g/day

	
	Weight (kg)
	Feed/ day
	Weight (kg)
	Feed/ day (kg)
	Weight (kg)
	Feed/day (kg)

	1
	20.00
	1.00
	20.00
	1.00
	20.00
	1.00

	2
	21.20
	1.10
	21.40
	1.10
	21.60
	1.10

	3
	22.70
	1.20
	23.10
	1.20
	23.50
	1.20

	4
	24.60
	1.30
	25.20
	1.30
	25.80
	1.40

	5
	27.00
	1.40
	28.00
	1.40
	29.00
	1.50

	6
	30.50
	1.50
	32.00
	1.50
	33.50
	1.60

	7
	34.50
	1.60
	36.50
	1.60
	38.50
	1.70

	8
	38.70
	1.70
	41.40
	1.70
	44.00
	1.80

	9
	43.20
	1.80
	46.40
	1.80
	49.60
	1.90

	10
	48.00
	1.90
	51.80
	1.90
	55.50
	2.00

	11
	53.10
	2.00
	57.40
	2.00
	61.60
	2.10

	12
	58.40
	2.10
	63.70
	2.10
	68.00
	2.20

	13
	64.00
	2.20
	69.70
	2.20
	74.80
	2.30

	14
	69.70
	2.30
	76.00
	2.30
	81.80
	2.40

	15
	75.50
	2.40
	82.40
	2.40
	88.80
	2.50

	16
	81.50
	2.50
	88.90
	2.50
	96.00
	2.60

	17
	87.50
	2.60
	95.50
	2.60
	102.60
	2.70

	18
	93.50
	2.70
	101.00
	2.70
	108.30
	2.80

	19
	99.00
	2.80
	106.40
	2.80
	113.30
	2.90

	20
	104.00
	2.90
	111.00
	2.90
	118.00
	3.00



Similarly, replacement gilts and boars (Table 6), sows in gestation (Table 7) and lactation (Table 8) are fed using calculated rations that balance energy and nutrient intake to prevent issues such as obesity, poor milk production, or reproductive inefficiency (Aparicio-Arnay et al. 2025). 

Table 6. Feeding Scheme for replacement gilts and boars

	Age (weeks) 
	Feed/day (kg)
	Kind of Feed 

	10 
	1.1
	Starter 

	11 
	1.2
	Starter 

	12 
	1.4
	Starter 

	13 
	1.5
	Shifting (Starter + Grower) 

	14 
	1.6
	Grower 

	15 
	1.7
	Grower 

	16 
	1.8
	Grower 

	17 
	1.9
	Grower 

	18 
	2.0
	Grower 

	19 
	2.1
	Shifting (Grower + Breeder) 

	20-21 
	2.2
	Breeder or Lactating 

	22-24 
	2.3
	Breeder or Lactating 

	26-29 
	2.4
	Breeder or Lactating 

	30 
	2.6
	Breeder or Lactating 

	31-32 
	XX
	Breeder or Lactating 


Key: XX = The amount of feed will depend on when will be the first service. Flushing is recommended 1-2 weeks before service and flushing is 3.0-3.5 kg/head/day.
Note: Replacement boars do not need flushing.
These practices are consistent with internationally recognized standards such as those set by the National Research Council (NRC, 2012) and the Philippine Society of Animal Nutritionists. Both recommend feed formulations that are adjusted to the animal’s physiological needs while taking into account environmental temperature, breed, and production goals. 

Table 7. Feeding Scheme for Pregnant Sow

	Stage of Pregnancy
	Amount of Feed (kg)

	Breeding – 21 days
	2.0

	22-80 days
	2.7-2.8 ±0.5 (very thin sow can be given 3.0kg)

	81-110 days
	3.8

	111-113 days
	2.0

	Farrowing day (114th day ± 3)
	No feed given with ad libitum water


Note: One week before expected data of farrowing change feed from breeder to lactating feed

Table 8. Feeding Scheme for lactating sows to weaning.

	Period 
	Feed description 

	Day of Farrowing 
	No feed with ad libitum water 

	First day 
	1 kg/sow/day 

	Second day 
	2 kg/sow/day 

	Third day 
	3 kg/sow/day 

	4-7th day 
	2.0 kg + 0.50 kg per piglet 

	Remaining days of lactation 
	2.0 kg + 0.50 kg per piglet ± 0.50 kg depending on the condition of the sow 


Note: Ad libitum feeding is applied for sow with 10 or more piglets to prevent the sow from becoming thin

Furthermore, ITCPH practices also emphasize feed economics evaluating cost per kilogram of weight gain rather than absolute feed cost thereby optimizing profitability without compromising productivity (NRC, 2012; Pomar and Remus, 2019; Soleimani & Gilbert, 2021). 

3.1.5. Housing and roofing facility
At ITCPH, pig housing facilities comprise both concrete and semi-concrete structures, constructed following recognized agricultural engineering standards (PAES, 2001). The housing types and roofing configurations are deliberately maintained and used during training to highlight their respective advantages and disadvantages in swine production. Understanding these differences helps trainees make informed decisions on housing design that balance cost, animal welfare, and productivity (PAES, 2001). 

ITCPH employs both double span and monitor-type roofs, which align with best practices in swine facility design. The double span roof provides wide coverage and good airflow, accommodating larger animal groups comfortably. The monitor-type roof, featuring a raised central ridge with vents, facilitates natural ventilation by allowing hot air to escape, thereby improving indoor air quality and reducing heat buildup (PAES, 2001). 

3.1.6. Waste management system 
ITCPH employs an integrated, environmentally responsible waste management system that combines biogas digestion, liquid–solid separation, and composting, serving both operational and educational purposes. Swine manure is processed via anaerobic digestion, generating renewable energy for heating and cooking while reducing greenhouse gas emissions, odor, and pathogen load (Nguyen et al. 2012). Likewise, liquid–solid separation enhances system efficiency by preventing digester overload, facilitating nutrient recycling, and enabling targeted effluent management (Tapparo et al. 2021). Solid fractions are composted to produce nutrient-rich fertilizer for campus use and local farmers, supporting circular agriculture and reducing reliance on synthetic inputs (Soleimani & Gilbert, 2021; Vu et al. 2016). Through this integrated approach, ITCPH demonstrates sustainable, climate-smart swine production, aligning with global best practices while providing a practical training model for students and farmers.

3.1.7. Productive and reproductive performance of ITCPH 
The productive and reproductive performance parameters of the ITCPH pig farm from 2022 to 2025 (Table 9), comparing a total of 2.174 heads using the actual farm data of the two widely used commercial swine breeds: Large White (1,139 heads) and Landrace (1,035 heads). This table highlights breed-specific data on growth rate (Average Daily Gain), efficiency (Feed Conversion Ratio), reproductive parameters (litter size, birth weight, weaning weight), and mortality statistics, offering insight into the physiological and management outcomes of the farm’s swine operations during the study period. 

Results show that the Large White breed recorded a slightly higher average daily gain (ADG) across boars, sows, and grower-finisher pigs, with values of 697.00, 686.58, and 685.95 g/day, respectively, compared to 669.40, 652.82, and 641.11 g/day for Landrace. These values fall within the standard ADG range (600–750 g/day) for commercial swine under optimized feeding and management conditions (Pomar and Remus, 2019). The superior growth performance of Large White pigs is consistent with existing literature that attributes this breed's high growth rate and feed efficiency to its genetic makeup and lean carcass traits (Bizelis et al. 2000). Although Landrace pigs exhibited marginally lower ADG, they demonstrated slightly superior reproductive traits, as evidenced by a higher birth weight (1.603 kg vs. 1.555 kg) and litter size (10.586 vs. 9.886). Larger litter sizes in Landrace sows are well-documented and reflect their inherent genetic strength in maternal performance (Lundgren et al. 2010; Bizelis et al. 2000). 

Both Landrace and Large White pigs exhibited feed conversion ratios (FCR) below the Philippine national average of 3.2, indicating efficient nutrient utilization under the ITCPH precision feeding system. Landrace pigs showed a marginally superior grower-finisher FCR (2.771) compared to Large White pigs (2.688), although the difference was comparable. These findings suggest that both breeds effectively responded to precision feeding protocols, which adjust nutrient provision according to the physiological stage of each animal, thereby reducing nutrient wastage and enhancing growth performance (Pomar et al. 2014). The slightly improved FCR in Landrace pigs, particularly among sows and boars, may be attributed to more stable feed intake patterns and greater digestive efficiency in reproductive animals, consistent with breed-specific responses to precision feeding observed in controlled studies (Aparicio-Arnay et al. 2025; Kala et al. 2025).

Table 9. Productive and reproductive performance of ITCPH pig farm (2022-2025)

	 Parameter
	Large White
	Landrace

	Average Daily Gain (ADG), g/day
	
	

	Boar
	697.000
	669.400

	Sow
	686.580
	652.816

	Grower-Finisher
	685.951
	641.107

	Birth Weight, kg
	1.555
	1.603

	Feed Conversion Ratio (FCR)
	
	

	Boar
	2.780
	2.820

	Sow
	2.816
	2.832

	Grower-Finisher
	2.688
	2.771

	Gestation Period, days
	114.114
	114.667

	Lactation Length, days
	27.568
	25.023

	Litter Size, number
	9.886
	10.586

	Weaning Weight, kg
	8.000
	8.480

	Nursery Weight, kg (2-3 months)
	21.593
	22.349

	Finisher Weight, kg
	107.502
	104.174

	Born Dead
	0.967
	0.389

	Low livability
	0.967
	0.389

	Mummified
	0.580
	0.389

	Pre-weaning Mortality (%)
	5.803
	2.724

	Post-weaning Mortality (%)
	1.362
	0.967

	Finisher Mortality (%)
	1.354
	0.584

	Pigs per Sow per Year, number
	18.864
	21.448



The gestation periods were comparable with an average of 114.11 days in Large White and 114.67 in Landrace, both were within the normal gestation range of 112–116 days. However, lactation period was longer in Large White sows (27.57 days) than in Landrace sows (25.02 days). These data could influence post-weaning sow recovery and piglet weaning weights which eventually recorded with higher weaning weights in Landrace piglets (8.48 kg) compared to Large White (8.00 kg), suggesting better milk yield and maternal care. This supports the widely held assertion that Landrace sows have superior maternal behavior and milk production, critical factors influencing pre-weaning growth and survivability (Pomar et al. 2009). 

Mortality indicators showed lower pre-weaning, post-weaning, and finisher mortality rates in Landrace pigs (2.72%, 0.97%, and 0.58%, respectively) compared to Large White pigs (5.80%, 1.36%, and 1.35%). These differences reflect better livability traits and resilience among Landrace pigs, particularly in early life stages. High preweaning mortality is typically associated with low birth weights, poor maternal instincts, and insufficient colostrum intake (Lundgren et al. 2010; Bizelis et al. 2000). Therefore, the higher birth weights and lower number of mummified and stillborn piglets in Landrace (0.389 born dead vs. 0.967 in Large White) further reinforce their superior reproductive quality and prenatal viability (Bizelis et al. 2000; Whittemore & Kyriazakis, 2006).  

Finally, pigs produced per sow per year (PPSY), a critical indicator of reproductive efficiency and herd productivity, averaged 21.45 in Landrace and 18.86 in Large White sow. These values exceed the reported Philippine commercial average of approximately 15–18 pigs per sow per year, as reflected in national livestock statistics and industry reports (PSA, 2023). However, the observed PPSY values remain slightly below the institutional performance benchmark of approximately 22 pigs per sow per year as reported by the ITCPH. Despite being marginally lower than the institutional benchmark, the PPSY values indicate good herd reproductive efficiency and effective sow management at ITCPH. PPSY is closely associated with parity management, sow longevity, and nutritional strategies during gestation and lactation, these are factors that are systematically managed under ITCPH’s precision-based feeding and reproductive monitoring programs. Furthermore, evidence from controlled nutrition studies demonstrates that reproductive performance can be significantly improved through optimized dietary formulations that enhance fetal development, improve farrowing efficiency, and support early piglet growth and survivability (Aparicio-Arnay et al. 2025; Nieto et al. 2002).
. 
The actual performance data provides evidence of the effectiveness of ITCPH’s management practices, particularly in precision feeding, breed selection, and reproductive monitoring. Landrace pigs demonstrated superior reproductive traits and survivability, while Large White pigs outperformed in terms of growth and ADG. These findings affirm the complementary roles of both breeds in commercial swine production and underscore the importance of breed-specific management to optimize both productivity and sustainability. 

3.2. Developed feeding models and their reliability
The regression models developed (Table 10 to Table 12) were formulated to estimate the relationship of feed efficiency indicators using 407 and 361 individual performance data in Large White and Landrace, respectively under the ITCPH production system. These models serve as foundational tools in designing feeding systems, strategies that aim to match feed intake with the nutritional requirements of animals in real-time (Kala et al. 2025; Pomar et al. 2009; Pomar & Remus, 2019).

3.2.1. Boars
Large White. Results revealed that Model 1 which include ADG, showed a significant P-value (0.0067) and high reliability (93.65%), indicating that these variables explain a considerable portion of the variance in growth performance. The negative coefficient for actual feed intake implies that beyond a certain threshold, increased feed intake may not yield proportional gain on the diminishing returns of overfeeding (Pomar & Remus, 2019). 

Model 2 shows the most significant (P = 0.0001) and highly reliable (95.57%), with FCR emerging as a key explanatory variable. The negative coefficient indicates that improved feed conversion (efficient FCR) significantly boosts performance as described by Pomar et al. (2014) and Whittemore & Kyriazakis (2006), who emphasized that feed conversion is among the strongest predictors of swine productivity. Moreover, Model 2 is more reliable because it uses feed conversion ratio (FCR) which is a composite and biologically integrative indicator that directly reflects how efficiently animals convert feed into body weight gain (Pomar et al. 2014; Pomar & Remus, 2019). Unlike ADG alone, FCR inherently captures the interaction between feed intake and growth, thereby reducing unexplained variability in the model. Therefore, Model 2 account more effectively for differences in nutrient utilization, metabolic efficiency, and management-related factors, which are central determinants of swine performance under precision feeding systems.

On the other hand, Model 3, which integrates both average daily gain (ADG) and feed conversion ratio (FCR), demonstrated the highest reliability (95.81%), indicating superior explanatory power in accounting for variation in growth performance. Although its p-value (0.0254) was higher than that of Model 2, the inclusion of both growth rate and feed efficiency parameters provides a more biologically comprehensive and robust framework for evaluating animal performance. This multi-variable approach captures complementary aspects of productivity, on how fast animals grow and how efficiently they utilize feed, that eventually reduced residual variability associated with single-indicator models. Findings were in agreement with the reports of Pomar et al. (2014) and Pomar and Remus (2019), who emphasized that combined performance indicators offer a more accurate representation of production responses under precision feeding regimes.

Table 10. Developed feeding model for Large White and Landrace boars

	Model No. 
	Formula
	P value
	Reliability

	
	Large White 
	
	

	1 
	-1.902 + 0.006 ADG 
	0.0067
	93.65

	2 
	3.339 – 0.265 FCR 
	0.0001
	95.57

	3 
	-3.125 + 0.008 ADG + 0.135 FCR 
	0.0254
	95.81

	
	Landrace 
	
	

	1 
	-0.097 + 0.004 ADG 
	0.0019
	91.42

	2 
	3.804 – 0.444 FCR 
	0.0483
	91.46

	3 
	1.027 + 0.003 ADG – 0.241 FCR 
	0.0026
	91.83


Legend: ADG – Average Daily Gain; FCR – Feed Conversion Ratio.

Landrace boars. On the contrary to the developed models for Large White, Landrace boars showed lower but still high model reliabilities (91.42–91.83%). Model 1 had a strong significance level (P = 0.0019) with ADG as predictors of the actual feed consumption or recommended feed intake for Landrace boars, which aligns with studies indicating that maternal breeds like Landrace have more stable growth patterns and respond differently to feed inputs (Lundgren et al. 2010; Bizelis et al. 2000). 

The Model 2, which focused on FCR, was statistically significant (P = 0.0483) but less robust than Model 1. This suggests that FCR alone may not adequately explain growth performance in Landrace boars, likely due to their reproductive-oriented genetic traits, which prioritize maternal capacity over lean gain (Uimari and Tapio, 2018).

Furthermore, Model 3 was proved superior with a reliability of 91.83% and P = 0.0026, validating the necessity of multi-trait integration. This aligns with the systems approach recommended by Whittemore and Kyriazakis (2006), where interactions between feed intake, conversion, and gain collectively determine performance outcomes. 

In general, Large White models exhibited slightly higher reliability values than those for Landrace, confirming that the former's growth traits are more directly influenced by feeding parameters (Bizelis et al. 2000; Kala et al. 2025; Lundgren et al. 2010; Pomar & Remus, 2019). Conversely, Landrace boars, known for superior reproductive traits, show a more moderate relationship between feed indicators and growth metrics, requiring nuanced feeding strategies. Results highlight the value of breed-specific precision feeding protocols which is also emphasized by Aparicio-Arnay (2025) who noted that tailored feed formulations are critical in optimizing performance across genetically diverse herds

Feeding precision models for Large White pigs demonstrated slightly higher reliability values than those for Landrace pigs, indicating that growth traits in Large White are more directly influenced by feeding parameters (Bizelis et al. 2000; Kala et al. 2025; Lundgren et al. 2010; Pomar & Remus, 2019). In contrast, Landrace boars, which are characterized by superior reproductive performance, exhibited a more moderate association between feed indicators and growth metrics, suggesting the need for more nuanced, breed-specific feeding strategies. These findings underscore the importance of precision feeding protocols tailored to genetic potential, as highlighted by Aparicio-Arnay et al. (2025), who demonstrated that tailored feed formulations are critical for optimizing both growth and reproductive performance in genetically diverse herds.

3.2.2. Sow
Large White. Three precision feeding models was developed for Large White sows using regression analysis to predict feed intake and nutritional requirements based on both productive and reproductive traits (Table 11).  

Results revealed that Model 1, which incorporated growth performance data such as birth weight (BWT), weaning weight (WWT), finisher weight (FWT), average daily gain (ADG), and feed conversion ratio (FCR), achieved a reliability score of 81.04% with a p-value of 0.9968, indicating weak statistical significance. Despite the inclusion of physiologically relevant traits, the p-value suggests that Model 1 predictive power was limited and not statistically robust. 

In contrast, Model 2, which focused on reproductive parameters such as conception rate (CR), gestation period (GP), litter index (LI), litter size (LS), parity number (P), lactation length (LL), and pigs produced per sow per year (PPSY) demonstrated a perfect reliability score of 100% and a highly significant p-value < 0.0001. This suggests that reproductive traits are more powerful predictors of feeding behavior in sows than growth traits alone. Model 3, which combined both productive and reproductive variables, similarly yielded 100% reliability and statistical significance (p < 0.0001), validating the integrative approach of precision feeding for reproductive animals. 

These findings were aligned with Aparicio-Arnay et al. (2025) who emphasized the significance of incorporating reproductive performance when modeling sow nutrient requirements. Likewise, Pomar et al. (2014) and Pomar & Remus (2019) also reported that lactation stage, parity, and reproductive cycle strongly affect nutrient demands, supporting the accuracy of Models 2 and 3. Further, parameters such as PPSY and LL correlate directly with feed intake due to the high energy demands of milk production and recovery. Thus, for Large White sows, reproductive-based models (Model 2) provide more precise feed intake predictions than growth-based models.

Table 11. Developed feeding model for Large White and Landrace sow

	Model No. 
	Formula
	P value
	Reliability

	
	Large White 
	
	

	1 
	4.709 + 0.002 FARRWT - 0.041 BWT + 0.014 WWT + 0.008 NWT- 0.002 FWT + 0.001 ADG – 0.139 FCR 
	0.9968
	81.04

	2 
	2.500 + 2.914 CR + 3.128 GP + 3.711 LI + 0.300 LS – 4.594 P + 6.899 LL + 2.464 PPSY 
	<0.0001
	100.00

	3 
	2.500 + 2.957 FARRWT + 2.137 BWT – 9.378 WWT + 1.895 NWT – 7.935 FWT + 9.666 ADG + 1.954 FCR + 3.499 CR + 2.467 GP + 3.493 LI + 0.300 LS – 9.424 P + 8.957 LL + 2.577 PPSY 
	<0.0001
	100.00

	
	Landrace
	
	

	1 
	2.766 + 0.002 FARRWT + 0.950 BWT + 0.056 WWT + 0.003 NWT + 0.013 FWT + 0.004 ADG +0.768 FCR 
	0.0944
	83.90

	2 
	2.500 + 1.073 CR + 9.499 GP + 1.375 LI + 0.300 LS + 2.825 P + 8.741 LL + 9.446 PPSY 
	<0.0001
	100.00

	3 
	2.500 + 2.379 FARRWT + 1.991 BWT – 2.091 WWT + 2.076 NWT + 8.113 FWT + 2.896 ADG – 4.437 FCR + 9.235 CR + 1.007 GP + 2.220 LI + 0.300 LS + 2.674 P + 4.176 LL + 8.065 PPSY 
	<0.0001
	100.00


Legend: FARRWT – farrowing weight; BWT – average birth weight of litter; WWT – average weaning weight of litters; NWT – average nursery weight of litters; FWT – average finisher weight of litters; ADG – Average Daily Gain; FCR – Feed Conversion Ratio; CR – Conception rate; GP – Gestation Period; LI – Litter index; LS – Litter size; P – parity number; LL – lactation length; PPSY – pigs produced per sow per year.

Landrace. The three models developed for Landrace sows similarly revealed a strong relationship between reproductive traits and feeding requirements. Model 1, which relied on productive parameters including BWT, WWT, NWT, FWT, ADG, and FCR, produced a reliability of 83.90%, with a p-value of 0.0944, suggesting moderate predictive capacity but with weak statistical significance. 

On the other hand, Model 2 which focused exclusively on reproductive traits (CR, GP, LI, LS, P, LL, and PPSY), have a 100% reliability and a highly significant p-value of < 0.0001, identical in strength to the best-performing model for Large White sow. This model’s effectiveness may be attributed to the Landrace breed’s renowned maternal efficiency and reproductive stability (Bizelis et al. 2000; Kala et al. 2025; Lundgren et al. 2010; Pomar & Remus, 2019). Landrace sows are known for larger litter sizes, longer lactation periods, and higher conception rates, which create predictable nutrient demands across reproductive stages. 

Model 3, an integrated model combining both growth and reproductive traits, also achieved 100% reliability and statistical significance. Notably, variables such as farrowing weight, ADG, and FCR when combined with parity and PPSY strengthened the model’s capacity to capture the complex nutritional landscape of sow physiology. Letourneau Montminy et al. (2015) stated that the interaction between productive traits and reproductive stage significantly determines amino acid and energy requirements, underscoring the advantage of multivariate models.

These results affirm the importance of precision nutrition that accounts for breed specific physiology. Several researches (Aparicio-Arnay et al. 2025; Bizelis et al. 2000; Kala et al. 2025; Lundgren et al. 2010; Pomar & Remus, 2019) suggests that feeding models improves not only feed efficiency but also reproductive performance when designed based on real-time and historical data. In the case of Landrace sows, where reproductive traits (i.e., Model 2) exhibit strong genetic consistency, model accuracy is further amplified, making such predictive tools highly applicable in modern swine herd management. 

Results suggests that in sow, reproductive traits are superior predictors of feed intake compared to growth traits alone. Both Large White and Landrace breeds achieved 100% reliability in models that included CR, GP, LI, LS, P, LL, and PPSY, which highlights the centrality of reproductive dynamics in nutritional planning. However, the Landrace models consistently demonstrated higher reliability even in simpler forms, reflecting the breed’s more stable reproductive physiology and predictable nutrient demand (Uimari and Tapio, 2018). This supports the findings of Pomar et al. (2014), who reported that precision feeding programs must be tailored not only by physiological stage but also by genetic background. Moreover, the development and application of these models offer tangible benefits, namely: improving feed efficiency, reducing waste, enhancing reproductive performance, and supporting sustainability in swine production (Aparicio-Arnay et al. 2025; Kala et al. 2025; Pomar et al. 2009) 

3.2.3. Finisher
Large White. The developed models demonstrated breed-specific differences in predictive accuracy and responsiveness to feeding variables. For Large White finishers, all three models yielded high reliability scores, ranging from 90.68% (Model 1) to 90.76% (Model 3). Model 1, which includes BWT, WWT, NWT, and FWT, had the p-value of 0.0134, indicating strong statistical significance despite fewer variables. Models 2 and 3 progressively incorporated ADG and FCR, which led to marginal increases in reliability but with p-values of 0.0332 and 0.0460, respectively, suggesting diminishing returns in statistical strength with added complexity.  

Findings reflects the inherent variability in feed efficiency among Large White pigs, which are predominantly known for their rapid growth and high lean meat yield. Bizelis et al. (2000) and Lundgren et al. (2010) emphasized that Large White exhibits relatively wide variation in individual feed intake due to its growth-focused genetic profile. Moreover, Pomar et al. (2014) emphasized that the effectiveness of precision feeding among grower-finisher pigs is partly constrained by behavioral and metabolic differences, which could account for the marginal gains in model reliability despite added complexity. 

Thus, Model 1 appears to offer the most statistically robust formulation, balancing both significance and predictability. Moreover, the inclusion of basic growth indicators (BWT, WWT, FWT) effectively captures the physiological trajectory of the animal without overcomplicating the model with variables that may not substantially improve predictability in this breed. 

Landrace. In contrast, the models for Landrace finishers exhibited significantly higher reliability and stronger statistical significance. Model 1 posted a reliability of 96.40% (p < 0.0001), which further increased to 97.59% and 98.58% in Models 2 and 3, respectively. The third model, which included all key predictors (BWT, WWT, NWT, FWT, ADG, and FCR), demonstrated the highest reliability across all models, suggesting exceptional predictability of feed intake when accounting for both productive and growth-related variables. 

The consistently significant p-values across all feeding models (<0.0001) in Landrace reflects highly significant relationships between feed intake and the identified predictors. These results validate the strength of breed-specific regression models, particularly for the more reproductively efficient Landrace breed. Moreover, the findings suggest a strong predictability and consistency of feed intake patterns in the Landrace breed. Unlike Large White pigs, Landrace animals are genetically selected for reproductive traits and physiological efficiency. Their feeding behavior and metabolic demands are more stable, allowing for stronger modeling relationships. Uimari & Tapio, (2018) and Lundgren et al. (2010) confirmed that Landrace pigs possess superior maternal characteristics and predictable growth trajectories, which are essential in model calibration for feeding strategies. 

Table 12. Developed feeding model for Large White and Landrace finishers

	Model No. 
	Formula
	P value
	Reliability

	
	Large White 
	
	

	1 
	2.949 – 0.053 BWT – 0.007 WWT + 0.001 NWT + 0.043 FWT  
	0.0134
	90.68

	2 
	3.092 – 0.052 BWT – 0.068 WWT + 0.001 NWT + 0.079 FWT – 0.002 ADG 
	0.0332
	90.74

	3 
	3.069 – 0.051 BWT – 0.068 WWT + 0.001 NWT + 0.625 FWT – 0.002 ADG + 0.008 FCR 
	0.0460
	90.76

	
	Landrace 
	
	

	1 
	3.049 – 0.231 BWT + 0.024 WWT - 0.008 NWT + 0.001 FWT  
	<0.0001
	96.40

	2 
	2.538 – 0.258 BWT + 0.025 WWT – 0.008 NWT + 0.001 FWT – 0.001 ADG 
	<0.0001
	97.59

	3 
	3.061 – 0.251 BWT + 0.025 WWT - 0.009 NWT + 0.001 FWT + 0.001 ADG – 0.185 FCR 
	<0.0001
	98.58


Legend: FARRWT – farrowing weight; BWT – average birth weight of litter; WWT – average weaning weight of litters; NWT – average nursery weight of litters; FWT – average finisher weight of litters; ADG – Average Daily Gain; FCR –Feed Conversion Ratio.

The increasing reliability observed across the models also validates the theoretical advantage of including performance metrics like ADG and FCR in swine nutrition modeling. Further, several publications (Aparicio-Arnay et al. 2025; Bizelis et al. 2000; Kala et al. 2025; Lundgren et al. 2010; Pomar & Remus, 2019) highlighted that in precision feeding systems, integrating real-time growth performance data enhances the ability to align nutrient supply with animal requirements, especially in genetically stable breeds such as Landrace. 

From a practical standpoint, Model 3 is the most comprehensive and reliable among all models developed. The combined use of weight indicators, feed conversion metrics, and daily gain data ensures that the model can accurately reflect both maintenance and growth-related nutritional needs. This is essential in the implementation of economically and environmentally sustainable feeding protocols (Pomar et al. 2009; Pomar & Remus, 2019).

4. Conclusion
Findings highlighted the pivotal role of farm demographics, management systems, and breed-specific characteristics in shaping the productivity and reproductive efficiency of swine herds. The International Training Center on Pig Husbandry (ITCPH) demonstrates a well-managed production system through trained labor, stage-specific feeding practices, efficient housing, and integrated waste management. These elements, coupled with an optimal labor-to-animal ratio (1:200–300) and strict adherence to biosecurity protocols, have been shown to significantly improve litter size, reduce mortality, and enhance ADG and eventually overall swine production performance. 

Moreover, breed differences were also evident. Large White pigs have higher growth performance, as reflected in higher ADG while Landrace pigs exhibited superior reproductive traits, including higher litter sizes and birth weights, and reduced mortality rates. These findings confirm that productivity and reproductive success are strongly influenced by both genetic potential and management strategies. Furthermore, regression analysis validated the robustness of precision feed intake models, with specific models proving most reliable depending on breed and physiological stage. These results highlight the importance of integrating performance metrics and physiological data to achieve accurate nutritional predictions, thereby advancing the application of breed- and stage-specific precision feeding.
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