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Abstract 

 
Effective feeding management is vital to improving milk quality in tropical dairy systems in 
the Philippines, where the domestic supply is limited. We evaluated how corn silage (CS), 
conventional fresh grass (FG), and mixed corn silage and spent grain (mixed CS & SG) 
feeding systems related to milk physicochemical properties in Holstein Friesian × Jersey 
crossbred cows on commercial farms in Southern Mindanao. Milk samples from 10 cows 
per farm were collected twice in May 2024 and analyzed for fat, SNF, density, lactose, 
protein, pH, and TSS. A two-way mixed ANOVA revealed farm-level effects (η² = 0.568-
0.799) across all parameters. Mixed CS & SG feeding yielded superior SNF (8.48-8.66%), 
protein (3.09-3.15%), and density (29.65-30.37), while CS feeding produced the highest 
fat content (4.14-3.96%). FG feeding showed greater compositional variability. The 
collection period significantly affected lactose, pH, TSS, and milk temperature. Correlation 
analysis separated immediate temperature effects on density (r = −0.610*) from chronic 
heat-stress responses, reducing milk solids (SNF: r = −0.667**; protein: r = −0.458*). 
Overall patterns reflected combined influences from feeding, management, and the 
environment rather than feeding alone. Nonetheless, silage-based systems supplemented 
with spent grain showed strong potential for improving milk quality in tropical smallholder 
dairy systems, with temperature-based insights guiding targeted management 
interventions. 
 
Keywords:  observational dairy study; feeding management systems; milk physicochemical 
properties; silage-spent grain supplementation; tropical dairy production; temperature stress 
effects 
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1. Introduction 
 
The Philippine dairy industry faces a supply–demand imbalance. Despite contributing 
16.8% to total agricultural value and recent growth rates reaching 16.7% (PCAARRD, 
2024), domestic milk production satisfies only about 1% of the country’s estimated 2.5-
billion-liter annual demand. This deficit necessitates reliance on imports, increasing trade 
vulnerability and economic exposure. National milk demand is projected to rise from one 
million to 1.8 million tons by 2029 (Department of Agriculture, 2024), underscoring the 
urgency of improving domestic production. However, production declines of 10.0% from 
April to June 2023 (Philippines Statistics Authority, 2023) reflect structural constraints, 
particularly among smallholder farmers who dominate and manage only 2-4 cattle (Bulatao, 
2018). 

Dairy production in Southeast Asia is constrained by environmental conditions that 
directly affect milk yield and quality. Elevated ambient temperatures (Thirumalai et al., 
2017; Li, 2020), high relative humidity (≥ 80%) (Kawakami & Hasebe, 2019; Thanh et al., 
2023), and pronounced seasonal rainfall (Singh & Qin, 2020; Vaiglova et al., 2024) induce 
chronic heat stress, leading to reduced feed intake, altered metabolic activity, and impaired 
mammary synthesis (Vera et al., 2014; Hernández-Castellano et al., 2019; Coelho et al., 
2020). These are compounded by feeding management challenges, seasonal variability in 
forage quality, limited availability of preserved feeds and supplements, inadequate storage, 
and insufficient knowledge of nutritionally balanced rations adapted to tropical conditions 
(Lagrange et al., 2015; Nyameasem et al., 2018). In Southern Mindanao, these challenges 
are intensified by Type III and IV climatic regimes, which constrain the ability to maintain 
consistent milk quality year-round. 

Among management factors, feeding practices are the most adjustable 
determinant of milk physicochemical characteristics (Ganie et al., 2011; Sova et al., 2013). 
Nutrient supply governs the synthesis of milk fat, protein, lactose, and minerals through 
substrate availability and metabolic partitioning within the mammary gland (da Silva et al., 
2017). Recent research has evaluated feeding strategies to improve milk quality under 
tropical conditions, including fresh forage–based cut-and-carry systems, silage-based 
feeding with preserved corn or sorghum to stabilize nutrient intake, and supplementation 
with agro-industrial by-products such as brewers’ spent grain to enhance dietary protein 
and energy (Kung et al., 2018; Chetrariu & Dabija, 2023; Hayes et al., 2023). Each 
approach differs in nutrient consistency, cost, infrastructure, and suitability for smallholder 
systems. Evaluating how these feeding strategies translate into milk quality outcomes 
under commercial tropical conditions is critical for evidence-based extension and policy 
recommendations. 

Despite extensive literature on the effects of feeding systems on milk quality, most 
evidence originates from temperate regions and intensive production systems, leaving a 
significant knowledge gap for smallholder dairying in the Philippines. Empirical data remain 
limited on the comparative performance of feeding systems under Southern Mindanao’s 
specific climatic conditions, on milk physicochemical responses of Holstein Friesian × 
Jersey crossbreeds—the predominant genotype in the Philippines—and interaction 
between feeding management and thermal stress on milk composition. Moreover, few 
studies have assessed the effectiveness of feeding systems under Philippine smallholder 
farms. 

Holstein Friesian × Jersey crossbreeds are adopted in tropical dairy systems due 
to their improved heat tolerance compared to pure Holsteins (Suadsong, 2012; Bereda et 
al., 2024), capacity to maintain milk production under elevated temperatures, balanced milk 
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composition, and suitability for smallholder operations (Bulatao, 2018; Habimana et al., 
2023; Ndihokubwayo & Koç, 2023). However, characterization of milk quality in these 
crossbreeds under different feeding regimes remains scarce. Existing studies have 
centered on purebred temperate cattle or have not accounted for genotype-specific 
responses, limiting their relevance to Philippine production systems. 

This observational comparative study examined associations between feeding 
management systems and milk physicochemical properties in Holstein Friesian × Jersey 
crossbreed cows under tropical conditions in Southern Mindanao, Philippines. It aims to 
compare milk quality, assess relationships between environmental temperature and milk 
physicochemical properties, and identify feeding practices with improved milk quality. By 
focusing on commercial farms rather than controlled experimental environments, this study 
provides insight relevant to smallholder dairy producers in Southeast Asia. It supports 
national efforts to enhance domestic milk quality, productivity, and self-sufficiency. 
 

2. Materials and Methods 
 
Before the study, we sought permits and complied with Republic Act No. 8485 (Animal 
Welfare Act of 1998), and the study was approved by the University of Southern Mindanao 
research ethics committee. This observational comparative study investigated milk 
physicochemical properties across three commercial dairy farms in Southern Mindanao, 
Philippines, practicing different feeding management systems: conventional fresh grass 
(FG), pure corn silage (CS), and combined corn silage with spent grain (mixed CS & SG). 
These systems had been practiced consistently for 5-8 years before sampling. The study 
was conducted in May 2024 across farms in Makilala, North Cotabato (Type III climate: 
shorter dry season November-April, temperatures 25-34°C, annual rainfall 2,000-2,800 
mm, relative humidity 75-82%) and Polomolok and Tupi, South Cotabato (Type IV climate: 
evenly distributed rainfall, temperatures 27-32°C, annual rainfall 1,500-2,500 mm, relative 
humidity 78-85%). 

We selected three commercial dairy farms in Southern Mindanao that kept Holstein 
Friesian × Jersey crossbreed cows. Selection was based on feeding systems, a minimum 
of 10 lactating cows (herd size), feeding practices that had been maintained for >3 years, 
and similar genetic composition across the farms. Ten lactating Holstein Friesian × Jersey 
crossbreed cows in each farm were sampled during both collection periods. At the same 
time, specific animal characteristics (age, parity, days in milk) were not controlled. 
Consistency was maintained by including only crossbred cows in active lactation, excluding 
cows with clinical mastitis or health issues, and sampling the same individual cows during 
both collection periods. Farm characteristics are summarized in Table 1. 

On the Makilala farm (FG), cows were primarily fed fresh tropical grasses, 
predominantly Napier grass (Pennisetum purpureum), which was cut daily and offered 
twice daily with commercial concentrate at 30-35% of total dry matter intake plus mineral 
premixes in restricted feeding. The Polomolok farm (CS) provided corn silage as the 
primary forage, prepared on-farm by chopping whole-plant corn at appropriate moisture 
and ensiling in concrete bunker silos for at least 21 days, supplemented with commercial 
concentrate at 35-40% of total dry matter intake, offered twice daily in restricted amounts. 
On the Tupi farm, (mixed CS & SG) cows were fed corn silage and brewers' spent grain at 
a 50:50 ratio. Spent grain was sourced from local breweries and fed fresh within 2-3 days. 
The grain was supplemented with commercial concentrate at 30-35% of total dry matter 
intake, offered twice daily in restriction feeding. The commercial dairy concentrate was 
analyzed for nutritional composition at an accredited laboratory (Table 2). Primary forage 
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components were not subjected to laboratory analysis; however, nutritional profiles for 
these tropical forages in the Philippines were as follows: fresh Napier grass CP 10-13.83%, 
NDF 63-63.98%, ADF 35.60%, DM 14%; corn silage CP 6-7.06%, NDF 57-58.10%, DM 
30-31.60%, ADF 31-33.34%; and brewers' spent grain CP 20-25%, NDF 40-50%, DM 20-
25% (Kondo et al., 2015, Ysulat et al., 2024, Goyo et al., 2025; Lualhati et al., 2025). 
 
Table 1. Characteristics of the three participating commercial dairy farms in Southern 
Mindanao, Philippines 

Feeding Practices Corn Silage 
(Polomolok) 

Fresh Grass 
(Makilala) 

Silage + 
Spent Grain 

(Tupi) 

Location South Cotabato North Cotabato South 
Cotabato 

Climate type Type IV Type III Type IV 

Primary feeding system Corn silage Fresh grass Corn silage + 
spent grain 

Years practicing system 6 years 8 years 5 years 

Housing system Free-stall Free-stall Free-stall 

Total milking cows 18 15 12 

Cows sampled 10 10 10 

Concentrate Supplementation 35-40% DM 30-35% DM 30-35% DM 

 
Table 2. Nutritional composition of commercial dairy concentrate supplement used across 
all three farms 

Nutrient Parameter Composition (% or unit) 

Crude Protein (CP) 16-18% 

Dry Matter (DM) 88-90% 

Neutral Detergent Fiber (NDF) 10-15% 

Acid Detergent Fiber (ADF) 4-7% 

Metabolizable Energy (ME) 12-12.8 MJ/kg DM 

Supplementation Rate 30-40% of total DM 

Mineral Premix Included 

 
Milk samples were collected twice at two-week intervals (May 5-7, 2024, and May 

19-21, 2024). Approximately 100 mL composite milk samples were collected from each 
cow during morning milking sessions (0500-0600 h) immediately after milking into sterile 
pre-labeled bottles. Samples were immediately placed in ice-chilled cooler boxes (4-6°C) 
and transported to designated laboratory facilities purposely built within each farm. 
Physicochemical analysis was conducted within 2-3 h using a Lactoscan milk analyzer 
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calibrated according to manufacturer specifications, measuring fat content (%), solid nonfat 
(%), density, lactose (%), protein (%), pH, total soluble solids (%), and milk temperature 
(°C). 

Environmental temperature and relative humidity were monitored at each farm 
using digital temperature-humidity meters (Model: HTC-1) stationed in barn/milking areas 
at cow-level height (approximately 1.5 m). Measurements were recorded twice daily: 2-3 
hours before morning milking (0200-0300 h) and during milking (0500-0700 h). The 
reported values are the average of the two daily readings for each collection period. Milk 
temperature was automatically measured by the integrated sensor within the Lactoscan 
analyzer during sample analysis. 

Statistical analysis was conducted using IBM SPSS Statistics with two-way mixed 
ANOVA for each milk parameter, treating dairy farms (three levels) as the between-
subjects factor and collection period (two levels) as the within-subjects factor. Main effects, 
interactions, and effect sizes (partial η²) were evaluated using Type III sums of squares 
with α = 0.05. Post-hoc pairwise comparisons employed Bonferroni correction and Tukey's 
HSD test to identify specific farm differences. Pearson correlation coefficients were used 
to examine relationships between environmental temperature and milk physicochemical 
properties for each collection period. 
 

3. Results and Discussion 
 
3.1 Environmental conditions 
 
Environmental temperature varied across the three study sites during both collection 
periods in May 2024. In the first collection, the highest temperature was recorded in 
Makilala at 23.06°C, followed by Polomolok at 22.28°C, while Tupi farm recorded the 
lowest at 21.89°C. Similar observation was recorded in the second collection, with Makilala 
posting 23.78°C, with a 0.72°C rise from the first collection. In the Polomolok site, the 
temperature rose to 23.08°C, 0.80°C higher than the first collection, while Tupi temperature 
slightly decreased to 21.32°C, down by 0.57°C. 
 
3.2 Physicochemical analysis 
 
3.2.1 Fats 
 
Milk fat content was strongly affected by feeding, with a highly significant main effect of 
feeding practice (P<0.001) and a very large effect size (partial η² = 0.596; Table 3). Corn 
silage (CS) feeding resulted in the highest milk fat content (4.05%), significantly exceeding 
FG (2.14%) and CS & SG (2.87%). Collection period also significantly influenced milk fat 
concentration (P = 0.015; partial η² = 0.200), with mean values declining from the first 
(3.17%) to the second collection (2.87%). The feeding practice × collection period 
interaction was not significant (P = 0.150; partial η² = 0.131). 

The higher milk fat concentration under corn silage feeding reflects differences in 
rumen fermentation and substrate supply for mammary lipid synthesis. Milk fat synthesis 
relies on acetate and β-hydroxybutyrate derived from ruminal fermentation, with acetate 
contributing approximately 50% of the carbon for de novo fatty acid synthesis (Bauman & 
Griinari, 2003; Urrutia & Harvatine, 2017). Diets based on corn silage provide adequate 
neutral detergent fiber (NDF), promoting cellulolytic activity and acetate production, with 
acetate-to-propionate ratios of 2.5:1 to 3.5:1 favoring milk fat synthesis (Sutton et al., 2003; 
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Ferraretto & Shaver, 2015). In contrast, tropical fresh grasses may generate lower acetate-
to-propionate ratios, particularly when high water-soluble carbohydrate contents accelerate 
propionate formation (Cabrita et al., 2003). Fermentation characteristics of tropical forages 
such as Napier grass (Pennisetum purpureum) are also highly variable and dependent on 
maturity stage (Surendra & Khanal, 2015; Li et al., 2023). The relatively stable composition 
of corn silage likely supported more consistent rumen fermentation and milk fat synthesis 
across collection periods, whereas fresh grass feeding is subject to diurnal and seasonal 
fluctuations that alter nutrient availability and fermentation dynamics (Bargo et al., 2003; 
Kung et al., 2018). The observed decline in milk fat across feeding systems (3.17% to 
2.87%) further suggests the influence of heat stress. This effect may override the effects 
of dietary management alone in tropical environments (Bernabucci et al., 2010). 
 
Table 3. Milk fat content of Holstein Friesian × Jersey cows under different feeding 
management at two sampling periods in Southern Mindanao 

Feeding Practices Collection 1 Collection 2 Overall by Feeding  

CS-feeding 4.14±0.76 b 3.96±0.65 4.05±0.22a 
FG-feeding 2.45±1.23 1.83±0.63 2.14±0.22b 
Mixed CS & SG-feeding 2.91±0.46 2.82±0.54 2.87±0.22ᵇ 
Overall by collection 3.17±1.12ᵇ 2.87±1.07a  

P-Values & Effect sizes:    
Feeding system P < 0.001** ɳ² = 0.596  
Collection period P = 0.015* ɳ² = 0.200  
Feeding x Collection P = 0.150ⁿˢ ɳ² = 0.131  

CS – Corn silage; FG – Fresh grasses; CS & SG – Corn silage plus spent grain 
Column and row mean and standard deviations by overall feeding and overall collection of the same 
letters are not statistically significant at the 0.05 level 
** Highly significant P<0.001 
* Significant P<0.05 
ⁿˢ Not significant P>0.05 
ɳ² Effect size 
 
3.2.2 Total soluble solids (TSS) 
 
Milk total soluble solids (TSS) differed significantly among feeding management systems 
(P<0.001; partial η² = 0.545; Table 4). A significant interaction between feeding practice 
and collection period was also observed (p<0.001; partial η² = 0.504). Because the 
interaction was significant, the six feeding-by-period treatment combinations were 
compared using one-way ANOVA followed by Tukey's HSD post hoc test.  

Among the six treatments, mixed CS & SG feeding in collection 2 produced the 
highest TSS (9.75 °Brix), significantly exceeding all other treatments except mixed CS & 
SG in collection 1 (9.15 °Brix; p = 0.096). FG-feeding in collection 2 recorded the lowest 
TSS (8.05 °Brix), significantly lower than all remaining treatments (p≤0.032). CS-feeding in 
both collection periods (8.75 and 8.85 °Brix) and FG-feeding in collection 1 (8.85 °Brix) 
were intermediate, with no significant differences detected among these three treatments 
(p≥0.483) (Table 4). 
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Table 4. Total soluble solids of milk from Holstein Friesian × Jersey cows under different 
feeding management at two sampling periods in Southern Mindanao 

Feeding Practices  Collection 1 Collection 2 
Overall 

by 
Feeding 

CS-feeding 8.75 8.85 8.80b 
FG-feeding 8.85 8.05 8.45a 
Mixed CS & SG-feeding 9.15 9.75 9.45c 
  Feeding system p < 0.001** η² = 0.545   

  Collection period p = 0.765ⁿˢ η² = 0.003   

  Feeding × Collection p < 0.001** η² = 0.504     
Six-treatment pairwise comparison (Tukey HSD) 

Treatment CS × C1 CS × C2 FG × C1 FG × C2 Mix × C1 Mix × C2 Mean 

CS × C1 — -0.1 -0.1 +0.70* -0.40 -1.00* 8.75b 

CS × C2 +0.10 — 0.00 +0.80* -0.30 -0.90* 8.85b 

FG × C1 +0.10 0.00 — +0.80* -0.30 -0.90* 8.85b 

FG × C2 -0.70* -0.80* -0.80* — +1.10* +1.70* 8.05a 

Mix × C1 +0.40 +0.30 +0.30 -1.10* — -0.60 9.15bc 

Mix × C2 +1.00* +0.90* +0.90* -1.70* +0.60 — 9.75c 

CS = corn silage; FG = fresh grass; Mix = mixed CS & SG; C1 = Collection 1; C2 = Collection 2. 
Values in pairwise cells are mean differences (I − J). * p < 0.05 (Tukey HSD).  Cells with * marker 
indicate significant pairs. 

 
The main effect of the collection period, averaged across feeding systems, was 

not significant (p = 0.765; partial η² = 0.003). Simple effects analysis revealed that feeding 
systems did not differ during collection 1 (p = 0.192) but diverged in collection 2 (p<0.001; 
η² = 0.678). FG-feeding exhibited a significant decline in TSS between collection periods 
(p < 0.001), while mixed CS & SG-feeding showed a significant increase (p = 0.004). The 
numerical increase in TSS under CS-feeding between collection periods was non-
significant (+0.100 °Brix; p = 0.606). 

The superiority of the mixed CS & SG system reflects enhanced nutrient availability 
for milk solids synthesis. Brewers' spent grain is rich in rumen undegradable protein (RUP), 
with ruminal degradability of 42-52%, allowing dietary protein to bypass ruminal 
fermentation and be absorbed in the small intestine (Santos et al., 1984; Armentano et al., 
1986; Westendorf & Wohlt, 2002). Direct intestinal amino acid absorption supports 
mammary gland protein synthesis without dependence on microbial protein production 
(Schingoethe, 1996). Inclusion of brewers' spent grain at 20-40% of dietary dry matter 
enhances feed efficiency without compromising milk protein concentration (Davis et al., 
1983; Polan et al., 1985; West et al., 1994; Chitra, 2024). The fiber fraction of brewers' 
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spent grain, accounting for approximately 70% of its dry weight, provides fermentable 
substrate that sustains rumen function and volatile fatty acid production (White et al., 2008; 
Mitri et al., 2022; Lalowski et al., 2024), contributing to milk solids accumulation 
(Belibasakis & Tsirgogianni, 1996). 

The significant feeding × collection interaction indicates that the advantages of the 
mixed CS & SG strategy and the vulnerability of exclusive FG-feeding became manifest 
only with continued dietary exposure. The absence of significant differences among 
feeding systems in collection 1 agrees with the progressive nature of ruminant dietary 
adaptation, whereby shifts in rumen microbial populations, fractional outflow rates, and 
mammary metabolism require sustained dietary input before producing measurable 
differences in milk composition (Benchaar et al., 2007; Dijkstra et al., 2011). Mixed CS & 
SG in collection 1 (9.15 °Brix) was not significantly different from either the intermediate 
group (CS-feeding and FG-feeding in collection 1; p≥0.483) or the highest treatment, mixed 
CS & SG in collection 2 (9.75 °Brix; p = 0.096), suggesting that the TSS benefit of supplying 
RUP from spent grain and fermentable energy from fresh grass was not yet fully expressed 
at initial sampling, becoming apparent only in collection 2 as cows adapted to the dietary 
treatment. 

The decline in TSS under FG-feeding is consistent with the susceptibility of fresh-
grass diets to temporal variation in milk solids output. Fresh-grass diets are characterized 
by variability in dry matter content, neutral detergent fiber concentration, water-soluble 
carbohydrate availability, and metabolizable energy density across seasonal and 
agronomic conditions (Fynn, 2012; Sautier et al., 2013; Pacheco et al., 2014; Fust & 
Schlecht, 2022). Fluctuations in forage quality between collection periods, compounded by 
inconsistencies in voluntary dry matter intake and animal body condition, likely reduced 
substrate availability for milk solids synthesis in the second collection. The temporal 
stability under CS-feeding agrees with observations that formulated concentrates attenuate 
the impact of environmental and management variation on milk composition (Davis et al., 
1983; West et al., 1994). The interaction between feeding strategy and collection period, 
rather than feeding strategy alone, was the primary determinant of milk TSS in Holstein 
Friesian × Jersey cows under the conditions of this study. Mixed feeding incorporating 
locally available brewery byproducts offers a practical strategy for improving and stabilizing 
milk solids output across production cycles. 
 
3.2.3 Milk density 
 
Milk density was strongly influenced by feeding management (P<0.001; partial η² 
= 0.599; Table 5), with feeding system accounting for 60% of the total variation in density. 
Mean density differed significantly among all feeding systems with the highest density 
observed under mixed CS & SG (30.02), followed by FG (27.75), while CS produced the 
lowest density (26.12). Neither the main effect of collection period (P = 0.628) nor the 
feeding practice × collection period interaction (P = 0.693) was significant. 

The observed differences in milk density reflect variation of milk solids by lactose, 
protein, and minerals, with milk fat exerting a diluting effect due to its lower specific gravity 
(Walstra et al., 2006). The higher density under mixed CS & SG feeding aligns with its 
elevated total soluble solids. It suggests a greater accumulation of solids-not-fat 
components of protein and lactose, which may be supported by improved amino acid 
availability from bypass protein sources (Santos et al., 1984). In contrast, lower milk density 
under CS feeding, despite higher fat content (4.05%), suggests reduced non-fat solids, 
which was consistent with the inverse relationship between fat and milk density 
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(Samuelson et al., 2001). The intermediate density under FG feeding suggests partial 
compensation between lower fat concentration and moderate solids-not-fat content. The 
strong feeding effect and lack of temporal variation indicate that milk density is driven by 
feeding management rather than short-term environmental factors (Garcia et al., 2023). 
This stability makes milk density a reliable indicator for comparing milk quality across 
farms. 

 
Table 5. Milk density of Holstein Friesian × Jersey cows under different feeding 
management at two sampling periods in Southern Mindanao 

Feeding Practices Collection 1 Collection 2 Overall by Feeding  

CS-feeding 25.93±0.86 26.31±1.92 26.12±0.44a  

FG-feeding 27.92±3.06 27.58±2.17 27.75±0.44ᵇ 

Mixed CS & SG-feeding 29.66±1.58 30.38±1.48 30.02±0.44ᶜ 

Overall by collection 27.84±2.51 28.09±2.51  

P-Values & Effect sizes:    
Feeding system  P < 0.001** ɳ² 0.599  
Collection period P = 0.628ⁿˢ ɳ² 0.009  
Feeding x Collection P = 0.693ⁿˢ ɳ² 0.027   

CS – Corn silage; FG – Fresh grasses; CS & SG – Corn silage plus spent grain 
Column mean and standard deviations by overall feeding of the same letters are not statistically 
significant at the 0.05 level 
** Highly significant P<0.001 
ⁿˢ Not significant P>0.05 
ɳ² Effect size 
 
3.2.4 Percent lactose 
 
Milk lactose content was significantly influenced by feeding management (P < 0.001; partial 
η² = 0.466; Table 6), with nearly half of the observed variation attributable to differences 
among feeding systems. Cows fed mixed CS & SG produced milk with a higher lactose 
concentration (4.71%) than those receiving CS (4.28%) or FG (4.33%). Neither the main 
effect of collection period (P = 0.402) nor the feeding practice × collection period interaction 
(P = 0.923) was significant. 

The elevated lactose concentration under mixed CS & SG feeding reflects 
improved energy balance and glucose availability for mammary lactose synthesis. Lactose 
is synthesized in the mammary gland from blood glucose, and is maintained within a narrow 
range across nutritional conditions (Fox & McSweeney, 1998). In ruminants, glucose for 
lactose synthesis is derived from hepatic gluconeogenesis, with propionate contributing 
about 50-60% of total glucose production (Reynolds et al., 2003). Fermentation of residual 
starch and fermentable fiber in brewers’ spent grain may enhance propionate production, 
thereby increasing glucose availability for lactose synthesis (Westendorf & Wohlt, 2002). 
In addition, the bypass protein supplied by spent grain reduces the energetic cost of milk 
protein synthesis by providing preformed amino acids, allowing greater glucose partitioning 
toward lactose production (Schingoethe, 1996). The absence of temporal effects reflects 
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the physiological regulation of lactose as the primary osmotic determinant of milk volume, 
with concentration maintained to stabilize milk secretion and osmotic pressure (Linzell & 
Peaker, 1971). The significant differentiation observed—mixed CS & SG versus CS and 
FG—contrasts with the differentiation patterns reported for fat, TSS, and density, indicating 
that lactose responds to nutritional enhancement in a threshold-dependent rather than 
dose-dependent manner. 
 
Table 6. Milk lactose of Holstein Friesian × Jersey cows under different feeding 
management at two sampling periods in Southern Mindanao 

Feeding Practices Collection 1 Collection 2 Overall by Feeding  

CS-feeding 4.25±0.11 4.30±0.29 4.28±0.06a 

FG-feeding 4.32±0.41 4.346±0.35 4.33±0.06a 

Mixed CS & SG-feeding 4.66±0.21 4.76±0.23 4.71±0.06ᵇ 

Overall by collection 4.41±0.32 4.47±0.35  

P-Values & Effect sizes:    
Feeding system P < 0.001** ɳ² 0.466  
Collection period P = 0.402ⁿˢ ɳ² 0.026  
Feeding x Collection P = 0.923ⁿˢ ɳ² 0.006   

CS – Corn silage; FG – Fresh grasses; CS & SG – Corn silage plus spent grain 
Column mean and standard deviations by overall feeding of the same letters are not statistically 
significant at the 0.05 level 
** Highly significant P<0.001 
ⁿˢ Not significant P>0.05 
ɳ² Effect size 
 
3.2.5 Milk protein 
 
Milk protein content differed significantly among feeding systems (P<0.001; partial η² = 
0.463; Table 7), with nearly half of the total variation attributable to feeding differences. 
Cows fed mixed CS & SG produced milk with higher protein content (3.13%) than those 
fed FG (2.84%) or CS (2.88%). Neither the main effect of collection period (P = 0.540) nor 
the feeding practice × collection period interaction (P = 0.873) was significant. 

Brewers’ spent grain (BSG) has relatively low rumen degradability (42-52%), 
allowing a greater proportion of dietary protein to bypass rumen breakdown and be 
absorbed in the intestine as amino acids for milk protein synthesis (Chalupa, 1975; 
Promkot & Wanapat, 2009; Singh et al., 2019). This differs from highly degradable protein 
sources such as soybean meal (65-75%), which contribute more to microbial protein 
synthesis (Aufrere et al., 1994; Maxin et al., 2013). BSG is enriched in insoluble barley 
storage proteins following brewing and shows moderate digestibility (71-88%) in animal 
diets (Sauvant et al., 2004; Jaeger et al., 2021; Devnani et al., 2023 ; Nyhan et al., 2023). 
Studies consistently report maintained or increased milk protein concentration and 
improved feed efficiency with BSG inclusion (Johnson et al., 1987; West et al., 1994; 
Belibasakis & Tsirgogianni, 1996; Mahnken, 2010; Chitra, 2024). The lack of temporal 
variation in milk protein suggests physiological buffering against short-term dietary 
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changes (Attaix et al., 2005; Baracos, 2006; Bröer & Bröer, 2017; McCabe & Boerman, 
2020 ; Tomé et al., 2020). The response pattern indicates that the metabolizable protein 
supply in the mixed CS & SG system met the requirements for maximal milk protein 
synthesis, whereas it remained below this level in the CS and FG systems. 
 
Table 7. Milk protein of Holstein Friesian × Jersey cows under different feeding 
management at two sampling periods in Southern Mindanao 

Feeding Practices Collection 1 Collection 2 Overall by Feeding  
CS-feeding 2.84±0.06 2.846±0.20 2.84±0.45a 
FG-feeding 2.87±0.28 2.884±0.24 2.88±0.45a 
Mixed CS & SG-feeding 3.10±0.14 3.157±0.15 3.13±0.45ᵇ 
Overall by collection 2.93±0.21 2.96±0.24  

P-Values & Effect sizes:    
Feeding system P < 0.001** ɳ² 0.463  
Collection period P = 0.540ⁿˢ ɳ² 0.014  
Feeding x Collection P = 0.873ⁿˢ ɳ² 0.010   

CS – Corn silage; FG – Fresh grasses; CS & SG – Corn silage plus spent grain 
Column mean and standard deviations by overall feeding of the same letters are not statistically 
significant at the 0.05 level 
** Highly significant P<0.001 
ⁿˢ Not significant P>0.05 
ɳ² Effect size 
 
3.2.6 pH of milk 
 
Milk pH was not significantly affected by feeding system (p = 0.276; partial η² = 0.091), 
collection period (p = 0.167; partial η² = 0.070), or the feeding system × collection period 
interaction (p = 0.048; partial η² = 0.202; Table 8). Although the interaction term reached 
significance, the effect size was small, and comparison of the six feeding-by-period 
treatment combinations using one-way ANOVA and Tukey's HSD post hoc test revealed 
no significant differences among any of the 15 pairs (all pairwise p≥0.073). All six treatment 
means were on a single homogeneous subset, indicating that no treatment combination 
produced a milk pH distinguishable from that of any other treatment combination. Cell 
means ranged from 6.832 (FG-feeding × Collection 2) to 6.923 (mixed CS & SG × 
Collection 1), a spread of 0.091 pH units across all treatments and periods (Figure 1). 
Between collections, pH increased numerically under CS-feeding (+0.047) but declined 
under FG-feeding (−0.068) and mixed CS & SG-feeding (−0.067); none of these within-
group changes were significant after Bonferroni correction. 

Milk pH reflects the balance between acid–base buffering systems in milk, primarily 
caseins, phosphate salts, citrate, and bicarbonate, with regular bovine milk typically 
exhibiting pH values between 6.5 and 6.8 (Tsioulpas et al., 2007a,b). The elevated pH 
range observed in this study (6.80-7.00) may be attributed to measurement and sample-
handling errors or to breed-specific characteristics of Holstein Friesian × Jersey crossbred 
cows. Unlike milk fat, protein, lactose, and density, milk pH was more responsive to short-
term, temporal influences, as reflected by the significant interaction effect. Milk pH is known 
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to be influenced by the stage of lactation (Sapru et al., 1997; Coulon et al., 1998; Abduljalil 
& Faisal, 2024), udder health status (Sloth et al., 2003; Shinozuka et al., 2018), milking 
interval (Fernando & Spahr, 1983; Kelly et al., 1998), and the metabolic state of the cow 
before milking (Henno et al., 2008). The absence of significant pairwise differences among 
the six treatment combinations, despite a significant interaction term, suggests that pH 
variation across feeding systems and collection periods was insufficient to exceed the 
family-wise error threshold of Tukey's HSD correction, and is unlikely to carry biological 
relevance given the narrow range of pH values recorded across treatments. The 
convergence of pH values during the second collection, regardless of feeding system, 
suggests that cows adapted to prevailing thermal and management conditions between 
sampling periods, or that transient, farm-specific influences present during collection 1 
were resolved by collection 2. Increased within-group variability, particularly under mixed 
CS & SG-feeding in collection 2, may reflect differences in milk handling, storage duration, 
or microbial activity if samples were not preserved under consistent temperature and 
storage conditions. Milk pH was not responsive to feeding management under the 
conditions of this study, and standardization of sampling, handling, and analytical 
procedures remains essential to minimize residual variation in observational field studies 
where environmental and management conditions cannot be fully controlled. 

 
Table 8. pH of milk of Holstein Friesian × Jersey cows under different feeding management 
at two sampling periods in Southern Mindanao 

Feeding practices  Collection 1 Collection 2 Overall by 
feeding 

CS-feeding 6.88 6.92 6.90 

FG-feeding 6.90 6.83 6.87 

Mixed CS & SG-feeding 6.92 6.86 6.90 

  Feeding system < 0.276ⁿˢ ɳ² 0.091   

  Collection period 0.167ⁿˢ ɳ² 0.070   

  Feeding × Collection < 0.048** ɳ² 0.202     

Six-treatment pairwise comparison (Tukey HSD) 

Treatment CS × 
C1 

CS × 
C2 

FG × 
C1 FG × C2 Mix × 

C1 
Mix × 

C2 Mean 

CS × C1 — -0.047 -0.025 0.043 -0.048 0.019 6.87 
CS × C2 0.066 — 0.047 0.022 0.09 -0.001 6.92 
FG × C1 -0.023 0.044 — 0.025 -0.022 0.068 6.90 
FG × C2 -0.068 -0.091 -0.024 — -0.043 -0.09 6.83 
Mix × C1 0.001 0.023 0.091 0.067 — 0.048 6.92 
Mix × C2 -0.019 -0.066 -0.044 0.024 -0.067 — 6.86 

CS = corn silage ; FG = fresh grass ; Mix = mixed CS & SG ; C1 = Collection 1 ; C2 = Collection 2. 
Values in pairwise cells are mean differences (I − J).  
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Figure 1. Interaction between dairy farm feeding practices and collection period on pH of 
milk 

 
3.2.7 SNF 
 
Milk solids-not-fat (SNF) ranged from 7.80% to 8.66% across farms and sampling periods. 
Feeding management had a strong effect on SNF (P<0.001; partial η² = 0.514; Table 9). 
Milk from cows fed corn silage plus spent grain (Mixed CS & SG) had higher SNF (8.57%) 
than that from corn silage (7.81%) or fresh grass (7.98%), which did not differ. The 
collection period and its interaction with the feeding system were not significant. 

Solids-not-fat represents the combined milk proteins, lactose, minerals, and 
vitamins and therefore serves as an indicator of milk nutritional density and processing 
value (Walstra et al., 2006). The higher SNF concentration observed under Mixed CS & 
SG feeding reflects the cumulative enhancement of milk protein and lactose synthesis 
driven by improved metabolizable protein and energy supply. The clear difference between 
mixed CS & SG and the CS and FG systems corroborate the patterns observed for protein 
and lactose, confirming SNF as an integrated indicator of milk solids. Higher SNF under 
the mixed CS & SG feeding is consistent with the protein contribution of brewers’ spent 
grain, which contains 25-34% crude protein primarily in rumen-undegradable form 
(Westendorf & Wohlt, 2002), and has been shown to increase total milk solids under hot 
conditions (Belibasakis & Tsirgogianni, 1996). The lack of temporal variation indicates that 
SNF is relatively stable and buffered against short-term environmental changes. Together, 
the significant effect size and temporal stability support SNF as a reliable indicator of long-
term nutritional management, with the consistent advantage of mixed CS & SG feeding 
highlighting the value of bypass protein supplementation in tropical dairy systems. 
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Table 9. Milk SNF of Holstein Friesian × Jersey cows under different feeding management 
at two sampling periods in Southern Mindanao 

Feeding Practices Collection 1 Collection 2 Overall by Feeding  
CS-feeding 7.80±0.17 7.83±0.53 7.81±0.11a 
FG-feeding 8.06±0.31 7.91±0.65 7.98±0.11a 
Mixed CS & SG-feeding 8.49±0.38 8.66±0.42 8.57±0.11ᵇ 
Overall by collection 8.11±0.41 8.13±0.65  

P-Values:    
Feeding system P < 0.001** ɳ² 0.514  
Collection period P = 0.873ⁿˢ ɳ² 0.001  
Feeding x Collection P = 0.446ⁿˢ ɳ² 0.058   

CS – Corn silage; FG – Fresh grasses; CS & SG – Corn silage plus spent grain 
Column mean and standard deviations by overall feeding of the same letters are not 
statistically significant at the 0.05 level  
** Highly significant P<0.001 
ⁿˢ Not significant P>0.05 
ɳ² Effect size 
 
3.2.8 Milk temperature 
 
Milk temperature varied widely across farms (14.6–30.6°C) and was strongly influenced by 
farm factors (P<0.001; partial η² = 0.799; Table 10). Mean temperatures were highest 
under fresh grass feeding (29.18°C), intermediate under corn silage (18.24°C), and lowest 
under corn silage plus spent grain (14.80°C). Milk from fresh grass systems was 
significantly warmer than that from the other systems. Collection period effects were not 
significant, and relative differences among farms remained consistent over time. 

Milk temperature is an indicator of post-milking handling efficiency and cold-chain 
integrity, with direct implications for microbial growth, shelf life, and overall milk quality. 
International standards recommend cooling milk to ≤4°C within 2-3 h after milking to 
suppress bacterial proliferation (Poli, 2004). The temperatures observed in this study 
exceeded these thresholds, reflecting common limitations in post-harvest cooling within 
tropical smallholder dairy systems. The consistently high temperatures under FG feeding 
suggest minimal or delayed cooling, creating conditions favorable for rapid microbial 
multiplication, with bacterial populations doubling every 20-30 min at temperatures above 
25°C (Elmoslemany et al., 2009). Although CS systems exhibited lower temperatures than 
FG, values remained above standards, indicating insufficient cooling capacity. Mixed CS 
& SG systems maintained lower temperatures, suggesting better cooling infrastructure or 
handling practices, though still below industry requirements. Elevated milk temperatures 
accelerate microbial growth and enzymatic activity, particularly of lipases and proteases, 
leading to physicochemical deterioration and reduced processing suitability (Sørhaug & 
Stepaniak, 1997). The dominance of farm-level effects underscores the potential for 
improvements in cooling infrastructure, standardized temperature monitoring, and 
improved milk-handling, which are essential for translating compositional gains into 
consistent quality outcomes across the dairy value chain. 
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Table 10. Milk temperature of Holstein Friesian × Jersey cows under different feeding 
management at two sampling periods in Southern Mindanao 

Feeding Practices Collection 1 Collection 2 Overall by Feeding  

CS-feeding 17.24±1.93 19.23±4.93 18.24±1.02a 

FG-feeding 27.72±4.91 30.63±5.56 29.18±1.04ᵇ 

Mixed CS & SG-feeding 14.99±2.53 14.61±1.49 14.80±1.04a 

Overall by collection 19.98±6.62 21.49±8.04  

P-Values: 
   

Feeding system P < 0.001** ɳ² 0.799 
 

Collection period P = 0.069ⁿˢ ɳ² 0.117 
 

Feeding x Collection P = 0.239ⁿˢ ɳ² 0.100   

CS – Corn silage; FG – Fresh grasses; CS & SG – Corn silage plus spent grain 
Column mean and standard deviations by overall feeding of the same letters are not 
statistically significant at the 0.05 level 
** Highly significant P<0.001 
ⁿˢ Not significant P>0.05 
ɳ² Effect size 
 
3.2.9 Correlation analysis 
 
Correlation analysis distinguished two temperature-related effects on milk quality: 
immediate physical responses and longer-term physiological adaptations (Table 11). Milk 
temperature showed strong negative correlations with density across both collection 
periods (r = −0.610*), reflecting thermal expansion effects whereby liquid density 
decreases as temperature increases (McCarthy & Singh, 2009; Suhendra et al., 2020). 

In contrast, negative associations between milk temperature and compositional 
traits such as solids-not-fat (SNF; r = −0.667*) and protein (r = −0.458*) indicate chronic 
physiological responses to sustained heat exposure. These patterns are consistent with 
heat stress–related reductions in feed intake, altered nutrient partitioning, and metabolic 
adjustments that limit substrate availability for milk synthesis (Wheelock et al., 2010; Kumar 
et al., 2020; Sammad et al., 2020). 

Several traits showed evidence of temporal adaptation. Positive correlations 
between temperature and fat weakened over time, while associations involving lactose and 
pH similarly diminished, suggesting partial acclimatization to thermal conditions 
(Bernabucci et al., 2010). In contrast, total soluble solids (TSS) showed an emerging 
negative relationship with temperature, indicating cumulative effects of prolonged heat 
exposure. 
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Table 11. Correlation analysis between environmental temperature and physicochemical 
values during first and second collection period in Southern Mindanao, Philippines 

Parameter 1st Collection 2nd Collection Interpretation 

% FAT 0.538**ᵃ 0.265ⁿˢ Positive; weakened 
over time 

% SNF -0.667**ᵇ -0.580**ᵇ Consistently negative 

Density -0.610**ᵇ -0.689**ᵇ Consistently negative; 
strengthened over time 

% Lactose -0.484**ᵇ 0.007ⁿˢ Negative; weakened 
over time 

% Protein -0.458*b -0.584**ᵇ Consistently negative; 
strengthened over time 

pH -0.493**ᵇ 0.193ⁿˢ Negative; weakened 
over time 

TSS -0.302ⁿˢ -0.591**ᵇ Negative; emerged in 
2nd collection 

Milk Temperature -0.020ⁿˢ 0.429*a Absent in 1st collection; 
positive in 2nd collection 

** p<0.01; * p<0.05; ⁿˢ not significant (p≥0.05). ᵃ Positive correlation: both variables change 
in the same direction. ᵇ Negative correlation: variables change in opposite directions. All 
correlations are between environmental temperature and the listed milk quality parameter. 
 

These findings have practical implications for management. Physical temperature 
effects, such as those on density, can be mitigated through improved post-milking cooling. 
In contrast, compositional declines require animal-level strategies, including nutritional 
optimization, heat abatement, and feeding systems such as corn silage supplemented with 
spent grain. Together, the results highlight the need for targeted interventions to maintain 
milk quality under tropical conditions. 
 

4. Conclusions 
 
This observational study demonstrated that feeding management represents the primary 
modifiable factor influencing milk composition in Holstein Friesian × Jersey crossbreeds 
under tropical conditions, with farm-level effects explaining 46-80% of variation across 
parameters. Corn silage feeding consistently produced superior milk fat content (4.05%), 
while the combined silage and spent grain system yielded highest protein (3.13%), lactose 
(4.71%), solids-not-fat (8.57%), and density (30.02), reflecting enhanced bypass protein 
supply and nutrient density. Correlation analyses distinguished immediate physical 
temperature effects on density from chronic physiological responses affecting milk solids, 
indicating that effective tropical dairy management requires both rapid cooling 
infrastructure and integrated nutritional strategies. Fresh grass systems exhibited greater 
compositional variability and lower solids content compared with silage-based approaches, 
suggesting that preserved forages with protein supplementation offer enhanced stability 
for smallholder tropical dairy operations. These findings provide preliminary evidence 
supporting silage-based feeding strategies for improving milk quality in resource-
constrained tropical environments. 
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