The Forage-Fed Heritage Bovine: An
Integrated Mass-Balance Analysis of
Milk Yield and Artisanal Dairy Production

The Dual-Purpose Paradigm in Pasture-Based Systems

The contemporary global dairy industry is overwhelmingly dominated by specialized high-input
breeds, primarily the Holstein-Friesian, managed within Total Mixed Ration (TMR) confinement
systems designed to maximize volumetric output. However, a profound structural and
economic reset is occurring within the artisanal and organic dairy sectors. This shift is driven by
the valuation of milk solids, genetic resilience, and the premiumization of grass-fed dairy
products’. Within this framework, dual-purpose heritage breeds—such as the Fleckvieh
(German Simmental), Braunvieh (Brown Swiss), and Normande—offer a highly sophisticated
biological engine for converting human-inedible perennial forages into high-value lipids and
proteins®.

These heritage breeds are characterized by immense metabolic plasticity. While a modern
Holstein prioritizes lactogenesis to the detriment of body condition, often requiring massive
starch and concentrate inputs to survive negative energy balance, dual-purpose breeds
effectively partition energy to maintain muscle mass and reproductive health alongside
lactation®. In an optimized, 100% pasture-based or forage-only system, the volumetric milk
yield of these animals is naturally constrained by the physical limits of Dry Matter Intake (DMI)
associated with bulky, high-fiber forages®.

While a Fleckvieh cow may produce up to 11,000 kg of milk per lactation in a highly
supplemented TMR system, the physiological realities of a strictly forage-fed diet yield
significantly different outcomes®. Comprehensive agronomic tracking demonstrates that
heritage cows fed wholly on grazed pasture and conserved winter forage yield between 3,250
kg and 7,000 kg of milk annually, depending on the intensity of rotational grazing and sward
quality'. The utilization of intensive rotational grazing systems, incorporating deep-rooting
multispecies swards like ribwort plantain and chicory, enhances protein bypass in the rumen
and provides profound drought resilience®. For the purpose of establishing a definitive
mass-balance and yield mapping model in this report, an optimized baseline of 6,000 kg of milk
per lactation will be utilized. This figure represents the established physiological capability of a
well-managed grazing Fleckvieh or Braunvieh cow operating within a seasonal, low-input
grass-fed system’.

Reproductive Physiology and Herd Replenishment
Dynamics

The successful realization of a consistent 6,000 kg annual milk yield is entirely predicated on
immaculate reproductive management. The bovine female is a non-seasonal polyestrous



animal, maintaining continuous reproductive cyclicity throughout the year post-puberty,
regulated by a complex hypothalamic-pituitary-ovarian axis®.

Ovarian Follicular Waves and Estrous Endocrine Shifts

The bovine estrous cycle averages 21 days in length and is characterized by distinct biological
waves of follicular growth. Transrectal ultrasonography reveals that these cycles are composed
of either two or three distinct follicular waves, initiated by transient elevations in
follicle-stimulating hormone (FSH)®. During a phenomenon termed deviation, one follicle
secures dominance via localized insulin-like growth factor signaling and enhanced aromatase
activity, secreting massive quantities of estradiol to force the subordinate cohort into atresia®.
Estrus is initiated by peak concentrations of estradiol, leading to a massive preovulatory surge
of luteinizing hormone (LH), triggering ovulation 24 to 32 hours later®. Following ovulation, the
corpus luteum forms and secretes progesterone, holding the uterus in a state of pregnancy
preparedness. If maternal recognition of pregnancy does not occur, prostaglandin F2-alpha
induces rapid luteolysis, initiating the next cycle®. Mastery of these ovarian dynamics allows
producers to accurately time insemination protocols.

Venereal Pathogens and Low-Technology Artificial Insemination
Historically, pasture-based reproduction relied on natural service bulls, inherently posing
severe biosecurity risks. The two most economically destructive venereal pathogens in cattle
are the protozoan Tritrichomonas foetus and the bacterium Campylobacter fetus subsp.
venerealis®. These obligate extracellular organisms persistently colonize the prepuce of mature
bulls asymptomatically, mechanically transferring to the female during coitus to induce
endometritis, mid-term abortions, and plummeting pregnancy rates®.

The transition to artificial insemination (Al) eradicates these biosecurity threats while granting
access to elite genetics capable of boosting lactation yields®. In low-resource, pasture-based
settings lacking liquid nitrogen cryopreservation, ambient-temperature liquid semen
preservation remains highly effective. Utilizing extenders such as the lllini Variable Temperature
(IVT) buffer, which bubbles carbon dioxide through the solution to lower the pH to 6.3, exploits
the glyoxylate mechanism to reversibly arrest sperm respiration®. Alternatively, Caprogen
extenders utilize nitrogen gassing and the enzyme catalase to neutralize toxic hydrogen
peroxide generated during prolonged storage®. These buffered solutions permit the storage of
highly viable semen at room temperatures for up to six days, facilitating immaculate
recto-vaginal insemination using sterilized, reusable glass pipettes to deposit semen precisely
into the short uterine body®.

Obstetric Biomechanics and Uterine Involution

Parturition demands exacting obstetrical management to ensure maternal survival and
subsequent lactation. Dystocia, caused frequently by fetopelvic disproportion, requires
meticulous mechanical extraction. Obstetrical chains must be applied using a "double
half-hitch" configuration to distribute tension across the calf's limbs, preventing severe
metacarpal fractures®. Traction must never exceed the force generated by two to three adults
(approximately 95.4 kg of mean peak force), as motorized extraction routinely exceeds 188.6 kg
of force, precipitating fatal maternal nerve damage®. Aggressive compression of the obturator



nerve against the maternal pelvis induces calving paralysis, destroying the innervation of the
adductor muscles and resulting in devastating hip dislocations®.

Following successful delivery, the massive 10 kg hypertrophied uterus undergoes involution,
requiring 40 to 50 days for complete histological regeneration and the avascular necrosis of
the maternal caruncles®. Concurrently, the immediate survival of the agammaglobulinemic
neonate relies entirely on the ingestion of maternal colostrum within the first hours of life,
exploiting a transient physiological window where enterocyte pinocytosis allows intact
Immunoglobulin G macromolecules to traverse the intestinal barrier before total gut closure
occurs at 24 hours postpartum®.

Metabolic Management and Trace Mineral
Antagonisms

Ensuring a steady supply of milk from dual-purpose breeds requires exacting nutritional
precision, particularly during the transition period. A mature 650 kg dual-purpose cow
consumes between 3.0% and 3.5% of her body weight in dry matter daily, equating to
approximately 19.5 to 22.75 kg of forage®.

The onset of high-volume lactogenesis places an unprecedented instantaneous drain on the
cow's calcium reserves. Synthesizing colostrum demands nearly eight times the total normal
calcium circulating in the plasma pool°. When parathyroid hormone and 1,25-dihydroxyvitamin
D3 fail to mobilize skeletal reserves rapidly enough, total serum calcium plummets below 2.14
mmol/L, inducing subclinical hypocalcemia®. This intracellular calcium deficit severely impairs
the phagocytic capabilities of polymorphonuclear leukocytes, rendering the cow highly
susceptible to metritis and retained placentas®.

Furthermore, pastured herds face complex trace mineral antagonisms dictated by soil
geochemistry. Excess dietary sulfur and molybdenum in lush pastures lead to the formation of
thiomolybdates in the rumen, which bind irreversibly to copper, inducing severe secondary
deficiencies®. Concurrently, high potassium influxes from spring grasses depolarize the ruminal
epithelium, paralyzing active magnesium transport and precipitating hypomagnesemia (grass
tetany)®. Meticulous agronomic management and targeted mineral supplementation are
therefore mandatory to sustain the 6,000 kg lactation curve safely.

Compositional Biochemistry of Forage-Fed Milk

The true economic and functional value of milk derived from heritage breeds on pasture lies
not in its volume, but in its dense compositional architecture and altered lipidomic profile.
Macronutrient Baselines and Genetic Polymorphisms

Milk from robust dual-purpose breeds exhibits superior concentrations of fat and protein. The
Braunvieh breed, for instance, routinely delivers milk comprising 4.0% to 4.22% butterfat and
3.50% to 3.80% protein?. The Fleckvieh demonstrates a similar profile, averaging 4.13% to
4.50% fat and 3.50% protein in grass-fed systems'". This analysis will utilize a standardized
baseline composition of 4.20% butterfat and 3.50% true protein for the 6,000 kg annual yield
model.



Beyond gross macronutrient percentages, the genetic polymorphisms of milk proteins in these
breeds fundamentally alter their cheesemaking suitability. Bovine milk protein consists of

approximately 80% casein (subdivided into Qs , Qs2 , B ,and R fractions) and 20% whey

proteins ('B -lactoglobulin and @ -lactalbumin)®. The R _casein (CSN3) gene is of paramount

importance, as ~ -casein stabilizes the casein micelle in suspension, dictating rennet
coagulation efficiency?.

Heritage breeds possess an exceptionally high allelic frequency of the K -casein B variant, with
the BB genotype appearing in 63.8% to over 80% of specific populations, compared to less
than 20% in standard Holstein herds?®. The BB genotype is associated with smaller, more
numerous casein micelles, which drastically reduces rennet coagulation time, increases curd
firmness, and improves the retention of both fat and protein in the cheese matrix*’. Milk
containing the BB variant yields up to 13% more cheese per unit of volume than milk containing
the AA variant?.

The Rumen Microbiome and Lipid Biohydrogenation
A 100% forage diet induces profound shifts in the fatty acid (FA) profile of the milk fat. Fresh

pasture grass is rich in polyunsaturated fatty acids (PUFAs), particularly @ -linolenic acid (an
Omega-3 fatty acid)®**. When these lipids enter the bovine rumen, the microbial consortium
engages in biohydrogenation to neutralize the toxicity of unsaturated double bonds, a critical
survival mechanism for the microflora.

This process converts linolenic and linoleic acids into various intermediate saturated and

monounsaturated configurations, most notably Vaccenic Acid (VA). Upon absorption into the
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mammary gland, the endogenous enzyme A -desaturase converts a substantial portion of

this Vaccenic Acid into Conjugated Linoleic Acid (CLA, specifically the cis-9, trans-11 isomer, or
rumenic acid)®. Consequently, milk from cows on a 100% forage diet contains up to 147% more
Omega-3 fatty acids and up to 500% more CLA than milk from TMR-fed cows consuming
massive quantities of corn silage and grain®.

This biochemical shift alters the Omega-6 to Omega-3 ratio from a highly inflammatory 5.7:1
(typical of grain-fed dairies) to a near 1:1 physiological balance®. The daily grazing pattern
further influences this profile; night-time grazing has been shown to yield a higher proportion
of specific polyunsaturated fatty acids compared to daytime grazing, highlighting the
sensitivity of the lipidomic output to environmental variables®. Furthermore, the increased
proportion of unsaturated fatty acids physically lowers the melting point of the milk fat, directly
altering the rheology and spreadability of manufactured butter®”.

Mathematical Modeling of Butter Yield

Butter production is fundamentally a process of phase inversion, transitioning milk from an
oil-in-water emulsion (cream) into a water-in-oil emulsion (butter) through rigorous mechanical



agitation®'.

The Mechanics of Phase Inversion

When cream is mechanically churned at controlled temperatures (ideally 8°C to 12°C), the
physical impact disrupts the protective Milk Fat Globule Membrane (MFGM)*'. Liquid fat exudes
from the fractured globules, acting as a cementing agent that binds the remaining intact solid
fat globules together into macroscopic butter granules. As these granules coalesce and grow in
density, the aqueous phase (buttermilk) separates completely and is drained off*. The granules
are then mechanically worked to finely disperse residual moisture droplets throughout the
continuous fat matrix, ensuring microbiological stability and textural smoothness.

Yield Calculation and Over-run Dynamics

Butter yield is dictated by the efficiency of fat recovery and the controlled incorporation of
non-fat components, primarily moisture, milk solids-not-fat (curd), and salt. This incorporation
is quantified in the dairy industry as "over-run,” which represents the percentage increase in the
weight of the finished butter compared to the absolute weight of the churned fat*'.

The exact yield formula utilized by dairy technologists is defined mathematically as:

_ F x (100 + %OR)
B 100

Y

Where:
° Y. Yield of butter (in kg).
. F_ Weight of fat inside the churn (in kg).

7OR = Percentage of over-run®’.

By strict legal and commercial standards worldwide, butter must contain a minimum of 80%
milk fat by weight. Therefore, 80 kg of pure fat theoretically yields 100 kg of butter (the
remaining 20% comprising up to 16% moisture, 1.5% to 2.0% salt, and 1.5% to 2.0% curd)?'. This
rigid constraint sets the absolute theoretical maximum over-run at exactly 25%*2. However,
accounting for unavoidable mechanical fat losses expelled in the buttermilk, practical factory
over-run typically operates between 20% and 22.7%"".
Assuming an optimized commercial churning efficiency where 99.3% of the fat is recovered
from the cream matrix'®, the total theoretical butter yield from the heritage cow's entire annual
fat production (252 kg) can be calculated to demonstrate maximal capacity:

e Total Milk Fat = 252.0 kg.

Fy_ 252.0 x 0.993 = 250.23

e Churned Fat successfully retained ( kg.

. . N . _ 250.23%(100+20) __ 300.27
e Applying a highly efficient, practical 20% over-run: 100
kg of butter.
While dedicating the entire yield to butter is theoretically possible, artisanal creameries seek




multi-product diversification. The butter derived from this 100% forage diet will possess a
distinctly lower solid fat content at room temperature, manifesting as superior spreadability,
alongside a deep, brilliant yellow hue driven by elevated beta-carotene transferred directly
from the pasture sward®.

Thermo-Acid Coagulation: The Biochemistry of
Mascarpone

Unlike traditional cheeses that rely entirely on the enzymatic cleavage of casein by chymosin,
mascarpone is a high-moisture, extra-fat fresh cheese produced via the complex thermo-acid
coagulation of heavy cream™.

Isoelectric Precipitation and Whey Protein Denaturation

The physical chemistry of authentic mascarpone hinges on the simultaneous application of
extreme thermal stress and organic acidification. A standardized cream mixture is heated to
temperatures between 85°C and 90°C (185°F to 195°F)". At these elevated temperatures, the

tertiary structures of the whey proteins (ﬁ -lactoglobulin and a -lactalbumin) completely
unfold, exposing highly reactive sulfhydryl groups hidden within their native globular
conformation®.

Following this severe thermal activation, a dilute organic acid—typically tartaric or citric acid—is
introduced to rapidly depress the pH of the matrix toward the isoelectric point of casein (pH
4.6)*. The aggressive neutralization of the negative surface charges on the casein micelles
abolishes their electrostatic repulsion. Concurrently, the unfolded, reactive whey proteins
co-precipitate and form dense, complex aggregates with the collapsing casein micelles,
trapping massive quantities of milk fat within the resulting coagulum®. This extensive
co-precipitation of whey proteins is entirely responsible for the dense, velvety, and easily
spreadable rheology characteristic of mascarpone. It is critical to note that cream subjected
to Ultra-High Temperature (UHT) processing prior to this stage cannot be utilized effectively, as
premature thermal denaturation destroys the requisite protein scaffolding necessary for
proper curd formation upon acidification®'.

Mascarpone Yield Dynamics

To achieve the optimal sensory profile, the initial cream matrix must be strictly standardized to
a precise butterfat content of 20% to 25%". In an artisanal setting, this is typically achieved by
blending separated heavy whipping cream (36-40% fat) with fresh whole milk (3.25-4.20%
fat)*.

If an operation were to dedicate the cow's entire 252 kg of annual milk fat to mascarpone
production, the mass balance requires heavy dilution with the aqueous phase of the milk to
reach the 22.5% target. The thermo-acid coagulation process is highly efficient at retaining
lipids, boasting a fat recovery coefficient of approximately 80%%.

e Recovered Fatin Curd = 252 x 0.80 = 201.6 kg.
e Given that finished, drained mascarpone is classified legally as an extra-fat or



double-cream cheese containing roughly 50% fat by absolute weight**, the final yield
calculation is mathematically straightforward:

201.6 kg/0.50 = 403.2

e Total Mascarpone Yield = kg.

Enzymatic Coagulation and Aged Cheese Yield
Prediction

The conversion of fluid milk into hard, aged cheeses (e.g., Cheddar or Parmigiano-Reggiano

styles) relies on the precise enzymatic cleavage of R _casein by rennet, followed by extensive
syneresis and whey expulsion®*. Predicting the exact volumetric yield of this biological process
is an economic imperative for the dairy industry, universally calculated using the Van Slyke and
Price equation®®.

The Modified Van Slyke Equation

Formulated over a century ago, the Van Slyke equation operates as an exact mass-balance
algorithm. It quantifies the theoretical transfer of fat and casein from the liquid phase into the
solid curd matrix, adjusted for unavoidable process losses and target moisture parameters'®.
The contemporary modified exact Van Slyke formula is expressed as:

v _ ((F < RF) + (C x RC)) x 1.09

1-M
Variable Definition Typical Values & Impact
Y Cheese yield Expressed as kg of cheese
per 100 kg of milk.
F Milk fat percentage Primary driver of yield and
mouthfeel.
REF Fat recovery factor Proportion of fat trapped in
the matrix (0.92 to 0.95)".
C Milk casein percentage The structural protein

scaffold. Derived as True

Protein X 0.78%.

RC Casein recovery factor Proportion of casein



retained (0.95 to 0.98)°°.

1.09 Whey solids retention Accounts for soluble salts,
factor minerals, and lactose
remaining in the curd
moisture®.
M Target cheese moisture Expressed as a decimal

(e.g., 0.37 for Cheddar, 0.30
for Parmesan)®®.

Note: Older iterations of the Van Slyke formula utilized a rigid, constant subtraction of 0.1 for

(C-0.1) ys

casein fines lost in the whey (e.g., . Contemporary predictive models favor the

fractional recovery coefficient (RC ), as it dynamically scales with the exceptional casein

retention facilitated by the K -casein BB variant highly prevalent in heritage breeds®'.

Standardization and the Casein-to-Fat Ratio

Cheese yield and structural integrity are fundamentally governed by the Casein-to-Fat (C/F)
ratio of the initial cheese milk in the vat®. If the fat content is too high relative to the casein
scaffolding, the protein network lacks the tensile strength to encapsulate the massive fat
globules. This results in severe lipid leakage into the whey during pressing, yielding a greasy,
structurally compromised cheese that will rapidly spoil during aging®.

The raw milk of the heritage cow under analysis contains 4.20% fat and 3.50% protein. Given
the 0.78 casein conversion factor, the true casein content is 2.73%. This yields a raw C/F ratio of

065 (273/4.20 |

For a full-fat Cheddar-style cheese, the optimal C/F ratio is tightly defined between 0.64 and
0.70%. Therefore, the raw heritage milk is naturally perfect for Cheddar applications and
requires no centrifugal standardization. However, hard alpine grating cheeses, such as
Parmigiano-Reggiano, require immense structural rigidity to survive extreme, long-term aging
without weeping fat or collapsing under their own weight. The strict parameters for these
styles dictate that the vat milk must be partially skimmed to achieve a significantly higher C/F
ratio, typically targeting between 0.80 and 1.10%.

The Paradox of Aging: Moisture Loss and Proteolysis

Aged cheeses undergo a continuous, slow loss of mass during maturation in the
climate-controlled ripening facility. For a hard Parmigiano-style cheese aged over 24 to 36
months, the internal moisture evaporates continuously through the dense rind, dropping from
an initial 30% down to approximately 25% by month 50%°. This profound desiccation routinely
causes an absolute weight reduction of 10% to 15% from the fresh yield out of the press.
However, this physical shrinkage drives intense biochemical refinement. As moisture
decreases, microbial enzymes and residual endogenous plasmin orchestrate profound



proteolysis—the systematic breakdown of the massive para-casein network into highly volatile
smaller peptides and free amino acids®*. As the water matrix evaporates, the concentration of
the specific amino acid tyrosine exceeds its solubility threshold, causing it to precipitate
directly out of the paste into macroscopic, crunchy white crystals®. These tyrosine crystals,
alongside calcium lactate, serve as the ultimate biochemical markers of advanced age,
signifying the transition from basic structural decay into profound sensory delicacy and
umami®*.

Next-Generation Yield Optimization: Whey
Microparticulation

When raw milk is converted into cheese via enzymatic coagulation, the casein matrix traps the

fat, but over 95% of the highly nutritious whey proteins (5 -lactoglobulin and a -lactalbumin)
are flushed out of the vat as liquid whey®’. Historically, this vast volume of acid or sweet whey
represented a catastrophic environmental liability due to its massive Biochemical Oxygen
Demand (BOD) and Chemical Oxygen Demand (COD). Discharging raw whey directly into
waterways severely depletes aquatic oxygen levels, causing devastating ecological toxicity®”.
Contemporary dairy engineering circumvents this environmental hazard while drastically
improving plant economics through Whey Protein Upcycling via Microparticulation. The
expelled liquid whey undergoes ultrafiltration to concentrate the soluble proteins, followed by a
precision thermal-mechanical treatment. The optimal parameters dictate heating the whey
protein concentrate to 93°C for exactly 5.4 minutes under continuous, aggressive high shear®.
This process intentionally denatures the whey proteins, forcing them to aggregate into
microscopic, uniform spherical structures measuring between 1 and 10 micrometers in
diameter”’.

Remarkably, these microparticulated whey proteins (MWP) possess the exact morphological
dimensions of native milk fat globules’>. When reintegrated in liquid form into subsequent
batches of cheese milk, these inert protein spheres become physically entrapped within the
three-dimensional para-casein network during the coagulation phase’?. MWP exhibits a
massive, sponge-like water-holding capacity. Its inclusion acts as an invisible rheological fat
replacer, actively boosting the total solids recovery, driving up cheese yield by several
percentage points, and restoring the creamy palatability and structural elasticity often lost in
lower-fat, standardized hard cheeses”. By intercepting the whey stream and converting a
potent pollutant into highly functional structural yield, microparticulation secures the absolute
maximization of the herd's biological output’.

The Integrated Artisanal Mass-Balance Model

To demonstrate the full economic and physical potential of the forage-fed heritage cow, we
map the 6,000 kg annual yield into a diversified, integrated mass-balance model. Rather than
dedicating the entire volume to a single bulk commodity, an optimized artisanal creamery splits
the milk mathematically to simultaneously capture the value of aged alpine cheeses, superior
grass-fed butter, and rich mascarpone.



Initial Raw Material Input (Annual Yield of One Cow):
e Total Milk Volume: 6,000 kg
e Milk Fat: 4.20% (252.0 kg total fat)
e Milk True Protein: 3.50% (210.0 kg total protein)
e Calculated Casein: 2.73% (163.8 kg total casein)®
e |nitial C/F Ratio: 0.65
Step 1: Centrifugal Skimming for Standardization
To achieve an ideal Casein-to-Fat ratio for a structurally sound aged alpine cheese (targeting a
C/F ratio of 0.81), 1,200 kg of the raw milk is diverted through a centrifugal separator™.
e Separation of 1,200 kg of whole milk yields roughly 126 kg of heavy cream (at 40% fat)
and 1,074 kg of skim milk (at a negligible 0.05% fat)®°.

126 x 0.40 = 50.4

e Fat partitioned into the heavy cream: kg of fat.
Step 2: Formulating the Cheese Vat and Van Slyke Yield

The 1,074 kg of skim milk is blended back into the remaining 4,800 kg of untouched whole raw
milk.
e Total Standardized Cheese Milk in Vat: 5,874 kg.

252.0 kg (initial) — 50.4 kg (removed) = 201.6

e Total Fat remaining in Vat:
kg of fat.

Standardized Fat Percentage: 201'6/5874 = 3.43% fat.
Total Casein in Vat: 163.8 kg (casein remains entirely in the skim phase and is unaffected

by centrifugal separation) ~ 2.79% casein.
e New C/F Ratio: 2-79/3.43 = 0.81

alpine cheeses)®.
Yield Calculation for the Alpine Cheese (targeting 32% moisture, using standard recovery

RF =094 RC =097 )

. (An optimal, legal parameter for firm, long-aged

factors of

((3.43 x 0.94) + (2.79 x 0.97)) x 1.09
1-0.32

Y =

v (3.2242 + 2.7063) x 1.09  5.9305 x 1.09
N 0.68 N 0.68

= 9.50%

e Total Fresh Cheese Yield: 5,874 kg x 9.50% =

wheels.

558.0 kg of fresh cheese



e Aged Cheese Yield (Post-Ripening): Assuming a standard 12% moisture evaporation
loss over a 24-month affinage period, the final harvestable mass is reduced to 491.0 kg
of aged cheese®’.

Step 3: Utilizing the Extracted Cream for Butter and Mascarpone

The 126 kg of heavy cream (containing 50.4 kg of pure fat) extracted during the standardization
phase is now split to manufacture the high-value lipid products.

Product Cream Fat Allocation Yield Final Product
Stream Allocation Calculation Weight
Grass-Fed 76.0 kg (at 30.4 kg fat 30.4 kg x 0.9¢ 36.2kgof
Butter 40% fat) Butter
[cite: 42]
Mascarpone 50.0 kg (at 20.0 kg fat Dilute t0 22.5%  34.6 kg of
40% fat) fat using 38.9 Mascarpone

kg whole milk
(adds 1.63 kg
fat). Total mix:
88.9 kg
containing
21.63 kg fat.
Yield:

(21.63 x 0.80
[cite: 43, 52]

Economic Ramifications and Conclusion

The utilization of a heritage dual-purpose bovine grazing exclusively on perennial forage
represents a masterclass in biological efficiency, environmental stewardship, and biochemical
complexity. While abandoning energy-dense grain rations intentionally restricts the absolute
volumetric yield of the animal to approximately 6,000 kg annually, it fundamentally elevates the
lipidomic and genetic value of the milk. Federal Milk Marketing Orders (FMMOs) and modern
multiple-component pricing systems globally are increasingly penalizing mere volume while
heavily rewarding dense concentrations of protein and fat, perfectly aligning with the heritage
breed's physiological output™.

The overwhelming prevalence of the K -casein BB allele in these cattle supercharges the
efficiency of the Van Slyke mass-transfer equation, aggressively pulling casein and fat out of
the aqueous phase and locking it into the cheese matrix, routinely providing a 10% to 13% yield
dividend over Holstein milk?’. Concurrently, the ruminal biohydrogenation of lush pasture
grasses imbues the milk fat with extraordinary concentrations of conjugated linoleic acid and



Omega-3 fatty acids, shifting the Omega 3:6 ratio to a near 1:1 balance and fundamentally
altering the melting rheology and vibrant hue of the resulting butter®.

Through the precise, calculated application of centrifugal standardization, enzymatic and
thermo-acid coagulation, and advanced whey microparticulation to mitigate environmental
COD/BOD loads, the modern artisanal facility can mathematically trace every gram of
human-inedible forage into highly refined, premium dairy solids’®. As definitively demonstrated
in the integrated mass-balance model, a single lactation of 6,000 kg can be elegantly and
precisely partitioned to yield nearly 500 kilograms of crystallized, aged alpine cheese,
alongside high-value secondary streams of 36.2 kg of golden grass-fed butter and 34.6 kg of
rich mascarpone. This paradigm proves that operating within the natural metabolic constraints
of the grazing bovine secures both profound sensory quality and robust operational viability.
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https://www.tandfonline.com/doi/full/10.1080/1828051X.2016.1141330
https://www.ggi-spermex.de/en/service/german-fleckvieh-%E2%80%93-the-universal-breed!-1729.html
https://www.ggi-spermex.de/en/service/german-fleckvieh-%E2%80%93-the-universal-breed!-1729.html
https://www.fwi.co.uk/livestock/dairy/can-all-forage-dairy-diets-be-practical-and-profitable
https://www.fwi.co.uk/livestock/dairy/can-all-forage-dairy-diets-be-practical-and-profitable
https://www.ggi-spermex.de/en/service/insight:-low-input-full-pasture-and-seasonal-calving-with-great-fleckvieh-cows-1850.html
https://www.ggi-spermex.de/en/service/insight:-low-input-full-pasture-and-seasonal-calving-with-great-fleckvieh-cows-1850.html
https://www.researchgate.net/publication/43263803_Economic_Analysis_of_Forage_Mixture_Productivity_in_Pastures_Grazed_by_Dairy_Cattle
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ge_Mixture_Productivity_in_Pastures_Grazed by Dairy Cattle
The “Grass-Fed” Milk Story: Understanding the Impact of Pasture,

https://omc.ncbi.nim.nih.gov/articles/PMC6723057/
German Simmental Fleckvieh — The Best Dual-Purpose Breed in the,

https://alpineagriculture.ch/en/german-simmental-fleckvieh-the-best-dual-purpo
se-breed-in-the-world/

About Fleckvieh - GGI-SPERMEX,
https://www.gqgi-spermex.de/en/fleckvieh/about-fleckvieh-92.html

How to Calculate Cheese Yield from Milk | DairyCraftPro,
https://dairycraftpro.com/how-to-calculate-cheese-yield-from-milk-the-complet

e-quide-for-cheesemakers/
Homemade Mascarpone Cream Cheese - Kvalifood,

https://kvalifood.com/posts/homemade-mascarpone-cream-cheese/

Butter Manufacture - Dairy Science and Technology eBook,
https://books.lib.uoguelph.ca/dairyscienceandtechnologyebook/chapter/butter-m
anufacture/

Mascarpone Cheese Making Recipe,
https://cheesemaking.com/products/mascarpone-cheese-making-recipe

What it takes to make a perfect batch of Mascarpone Cheese,

https://scispace.com/pdf/mastering-mascarpone-what-it-takes-to-make-a-perfe

ct-batch-2ju104fnon.pdf
Over Run - Dairy Technology,

http://dairy-technology.blogspot.com/2014/01/over-run.html
European Brown Swiss Federation www.brown-swiss.org,

http://www.germanlivestock.de/services/files/BS-MORE-THAN-MILK-Press-releas
e.pdf

BRS - Fleckvieh - Bundesverband Rind und Schwein,
https://www.rind-schwein.de/brs-cattle/fleckvieh-en.html

Heritability and correlations of milk traits in the view of kappa-casein,
https://hrcak.srce.hr/file/150939

(PDF) Polymorphisms in CSN3, CSN2 and LGB Genes and Their,

https://www.researchgate.net/publication/331426473_Polymorphisms_in_CSN3_C

SN2_and_LGB_Genes_and_Their_Relation_to_Milk_Production_in_Dairy Cattle_in
the Czech Republic

Exploring the Genotype at CSN3 Gene, Milk Composition ... - MDPI,
https://www.mdpi.com/2076-2615/10/11/1995

(PDF) Kappa casein (CSN3) gene polymorphism and its effect on,
https://www.researchgate.net/publication/356185124 Kappa_casein_CSN3 _gene
polymorphism_and_its_effect_on_cumulative_milk_yields_of Holstein_Friesian_da
iry_cattle

Euro pean B ro w n Sw iss Federatio n,
https://homepage.braunvieh.ch/wp-content/uploads/2021/08/EBSF-BS-school-le
aftlet-A4-E.pdf

Milk Caseins: Updated Genotype Frequencies by Breed - Lactanet,

https://lactanet.ca/en/milk-caseins-updated-genotype-frequencies-by-breed/
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Breeding for Kappa Casein to Increase Cheese Yield | The Bullvine,
https://www.thebullvine.com/genetics/breeding-for-kappa-casein-to-increase-ch

eese-yield/
Estimating the Effect of the Kappa Casein Genotype on Milk ... - PMC,

https://omc.ncbi.nlm.nih.gov/articles/PMC10778097/

Comparative analysis of k-casein expressions and dairy herd ... - PMC,
https://pmc.ncbi.nim.nih.gov/articles/PMC11928332/

Genetic variants of milk proteins and their effects on the yieldand,

https://www.researchgate.net/publication/240511667_Genetic_variants_of milk_p
roteins and their effects on the vyieldand quality of cheese? tp=eyJjpb250ZXh0

ljp7InBhZ2Ui0iJzY 2llbnRpZmljQ22udHJpYnVO0aWucylsinByZXZpb3VzUGFnZSIéb

nVsbCwic3ViUGFnZSI6bnVsbH12

Composition and Profile of Fatty Acids in Milk on Quality and Health,

https://ejournal.cwcu.ac.id/index.php/IJSTeMLaH/article/download/111/161/864

Milk from Pastured Cows is Better for You - Cornucopia Institute,

https://www.cornucopia.org/2018/03/milk-pastured-cows-better/

Grain and CLA | Keeping A Family Cow,

https://familycow.proboards.com/thread/63436é/grain-cla

Organic Production Enhances Milk Nutritional Quality by Shifting,

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0082429

Effect of total mixed ration composition and daily grazing pattern on,

https://www.researchgate.net/publication/266188499 Effect of total mixed ratio

n_composition_and_daily grazing_pattern_on_milk_production_composition_and
fatty acids_profile_of dairy_cows

The linear relationship between the proportion of fresh grass in the,

https://pubmed.ncbi.nim.nih.gov/16702259/

The Influence of Different Butter Type, Their Fatty Acid Composition,

https://www.mdpi.com/2304-8158/13/23/3803

Understanding Over-Run in Butter Production - Agriculture Institute,

https://agriculture.institute/dairy-products-i/understanding-over-run-butter-prod

uction/

How to Calculate Butter Yield and Maximize Production,

https://agriculture.institute/dairy-products-i/calculate-butter-yield-maximize-pro

duction/

Mascarpone Cheese Production - Y310BCKMI1 MOMOYHbIN KOMOUMHAT,

https://uzmolkom.com/en/blog/mascarpone-cheese-production/

Mascarpone - Description - Tiiips,

https://www.tiiips.com/m/tiiips/home?action=listReviews&review|D=389358&0ID=3

8414

Mascarpone Cheese Making Recipe Instructions - roulette-one,

https://roulette-one.myshopify.com/pages/mascarpone-cheese-making-recipe-i

nstructions

Heat-Induced Interaction of Milk Proteins: Impact on Yoghurt Structure,

https://pmc.ncbi.nim.nih.gov/articles/PMC8483934/
An Integrated Approach in Assessing the Food-Related Properties of,
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0082429
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https://www.mdpi.com/2304-8158/14/19/3421
Mascarpone, what is it? - GEA,

https://www.gea.com/en/campaigns/fresh-cheese-uncovered/mascarpone/
Mascarpone Cheese - Catalina Bakes,

http://catalinabakes.blogspot.com/2011/08/mascarpone-cheese.html
Masterarbeit Fettreduzierung bei Mascarpone,
https://digibib.hs-nb.de/file/dbhsnb_thesis_ 0000002499/dbhsnb_derivate_0000
003118/Masterarbeit-Cao-2020.pdf

Mascarpone Cheese - Probably Worth Sharing,
https://probablyworthsharing.com/recipes/mascarpone-cheese

Mascarpone Info Cheese Making Recipe,
https://cheesemaking.com/pages/mascarpone-cheese-making-recipe-info
Factors that Affect Cheese Yield,
https://adpi.org/wp-content/uploads/2022/08/COE-Article Factors-That-Affect-C
heese-Yield 2022.pdf

How Cheese Gets Sharper And Crumblier With Age Naturally,

https://www.youtube.com/watch?v=oucu-rlpFI8
Cheese Yield Calculator (Van Slyke) - Watson Dairy Consulting,

https://dairyconsultant.co.uk/cheese-yield-van-slyke.php
Free Cheese Yield Calculator (Van Slyke) - Vesper Tool,

https://vespertool.com/calculators/dairy/cheese-yield-estimation/
Standardization of Milk for Cheese Making,
https://books.lib.uoguelph.ca/cheesemakingtechnologyebook/chapter/3-3-stand
ardization-of-milk-for-cheese-making/

Yield Prediction — Cheese Making Technology e-Book,
https://books.lib.uoguelph.ca/cheesemakingtechnologyebook/chapter/yield-predi
ction/

Calculating Component Values from the Modified Van Slyke Cheese,

https://www.ams.usda.gov/sites/default/files/media/DYCompValMBrownllllVHearin
g2000.pdf

How to Standardize Milk Fat for Cheese | DairyCraftPro,
https://dairycraftpro.com/how-to-standardize-milk-fat-for-cheese-a-complete-g
uide-for-cheesemakers/

Effect of the casein to fat ratio on the functional properties of Prato,

https://rsdjournal.org/rsd/article/download/27812/24354/324269
Quantification of Cheese Yield Reduction in Manufacturing ... - PMC,

https://pmc.ncbi.nlm.nih.gov/articles/PMC7074290/

FOR PARMIGIANO REGGIANO CHEESE,
https://backend.parmigianoreggiano.com/uploads/0325 disciplinare docx EN 2e
da3456af.pdf

PRODUCT SPECIFICATION OF THE PROTECTED DESIGNATION,
https://backend.parmigianoreggiano.com/uploads/disciplinare PR EN clean 020

72025 _55f8b10686.pdf
Impact of Extending Hard-Cheese Ripening - PMC,

https://pmc.ncbi.nlm.nih.gov/articles/PMC7143483/
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https://www.ams.usda.gov/sites/default/files/media/DYCompValMBrownIIIIVHearing2000.pdf
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Parmesan Tasting: Ages Compared (12-48+ Months),
https://www.parmesandairytour.com/parmesan-tasting-ages-compared/
Understanding the basics: Techniques to attain a high cheese yield,

https://www.dairyfoods.com/articles/92100-understanding-the-basics-technique
s-to-attain-a-high-cheese-yield

Effect of microparticulate from whey protein concentrates on the,
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0120-013520230002
00005

Reuse of waste acid whey for extraction of high added value,
https://webgate.ec.europa.eu/life/publicWebsite/project/LIFE16-ENV-SI-000335/r
euse-of-waste-acid-whey-for-extraction-of-high-added-value-bioactive-protei
ns

Whey Utilization: Sustainable Uses and Environmental Approach,
https://omc.ncbi.nim.nih.gov/articles/PMC8284110/

. Paving the whey - transforming dairy waste - Teagasc,

https://teagasc.ie/news--events/daily/paving-the-whey-transforming-dairy-waste
/

Whey Protein Upcycling & Microparticulation | Perinox,

https://perinox.com/en/whey-protein-upcycling-microparticulation/
Effect of microparticulated whey protein concentration and protein-to,

https://www.researchgate.net/publication/273789867_Effect_of microparticulated
whey protein_concentration_and_protein-to-fat_ratio_on_Caciotta_cheese yiel
d_and_composition

(PDF) Low-fat Cheddar cheese made using microparticulated whey,

https://www.researchgate.net/publication/316311973_Low-fat_Cheddar_cheese
made using microparticulated whey proteins Effect on yield and cheese qual

ity
Turning Whey Into Value with microparticulation - SPX Flow,
https://www.spxflow.com/blog/turning-whey-into-value-with-microparticulation/
Economic Analysis Class Ill and IV Pricing Formulas,
https://www.ams.usda.gov/sites/default/files/media/Hearings%20Class%20I11%20
and%201V%20Economic%20Analysis.pdf

Changes to Milk Pricing Formulas Under Federal Milk Marketing,
https://www.choicesmagazine.org/choices-magazine/theme-articles/dairy-theme
/changes-to-milk-pricing-formulas-under-federal-milk-marketing-orders-will-aff
ect-farm-milk-prices

End of Project Report A New Direction for the Payment of Milk - T-Stor,
https://t-storteagasc.ie/bitstreams/16952aa1-af50-427a-a2dd-e131c21b8%7a/dow
nload
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