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Comparing Drylot, Pasture and Supplements to Pasture on 

Growth, Body Composition, Dry Matter Intake, and Costs 

of Feeding Holstein Heifers. 

by 

Luciano Patto Novaes 

Carl E. Polan, Chairman 

Animal Science (Dairy) 

(ABSTRACT) 

Growth and body composition of 121 Holstein heifers (4.6 

to 18 mo and 129 to 407 kg) reared on pasture, drylot and 

pasture-drylot systems were evaluated in 6 experiments. 

Heifers were switched from drylot to pasture or the reverse 

to study carry-over effects from previous treatments; both 

systems were satisfactory. Alternate 28-day periods of 

supplement feeding to grazing heifers did not affect final 

body weight nor wither height, but ADF and heart girth 

varied during 2 yr. When switching drylot heifers 

previously fed low and high TDN, to pasture, gains were best 

for heifers fed the lower TDN diet; also, gains on pasture 

were best for light heifers. Gains by all heifers grazing 

mainly orchardgrass-clover pasture were acceptable, but 

supplementing with a 19% CP concentrate or lasalocid,



usually improved gains. Heifers with lowest BW during 

grazing made compensatory gains in drylot. Urea space 

estimation technique showed that compensatory gains were 

mainly fat. lLasalocid feeding increased daily gain and 

subcutaneous fat deposition but reduced feed intake and 

ribeye area. When moving grazing heifers to drylot a total 

mixed ration with fishmeal or soybean meal as protein 

sources gave similar responses. DM intake of grazing 

heifers ranged from 8.1 to 10.1 kg/d, vs 7.5 kg/d for 

arylot. Supplementing grazing heifers with degradable or 

undegradable protein gave similar responses in growth and 

body composition. 

Based on growth and body composition, seasonal grazing 

of Holstein heifers may reduce costs for rearing replacement 

heifers. A corn silage-alfalfa silage-orchardgrass hay 

mixed ration without concentrates when fed ad libitum to 

heifers in drylot resulted in gain of 934 g/d. Pasture 

alone heifers gained from 368 to 755 g/d depending on 

drought and heifer age. Calculations of costs of rearing 

Holstein replacement heifers were prepared accounting for 

observations of response to grazing, supplements to grazing 

and drylot diets. Well managed grazing reduces costs of 

rearing.



Acknowledgements 

I wish to express my most sincere appreciation to the 

following persons: 

Dr. Carl E. Polan, for his friendship, patience, guidance 

and philosophical counsel through the graduate program. His 

cooperation and suggestions in the preparation of this 

manuscript are greatly appreciated. 

A special thanks to Dr. M.L. McGilliard for his help and 

assistance in economic and statistical analyses of the data. 

Dr. V.G. Allen, Dr. Frank C. Gwazdauskas, Dr. R.E. James, 

Dr. M.L. McGilliard and Dr. W.E. Vinson for their advice and 

service as member of the graduate committee, and for their 

suggestion in the preparation of this manuscript. 

Special appreciation is expressed to Mr. Lee Johnson for all 

his help with ultrasonic procedures. 

Mr. Walker for his interest in this research and for feeding 

the heifers on pasture. The calf barn workers Curtis, Robert 

and Shawn for feeding heifers in drylot. 

1ii



Mr. C. Miller, Mr. H. Nestor and their staff at the Virginia 

Tech Dairy Center for their assistance in all phase of this 

project. 

Ms. J. Baker, N. Wade and technicians at the Virginia Tech 

Forage Testing Laboratory for performing forage analysis. 

Ms. Valerie Jones deserves singular recognition for her 

diligent help in typing tables and preparation of this 

manuscript. 

A special thanks to Ms. Wendy Wark for her support, help and 

stimulating discussions throughout my laboratory work. 

To my fellow graduate and visiting students past and 

present: H. Ballantine, J. Spain, Donato, Yama, Gerke, S. 

Wampler, Becky, Brian, Dale, Dana, Chuck, Jennifer, Paolo, 

Terry and Giulio Cozzi, not only for their exceptional help 

and aid in pasture and urea procedures, but especially for 

their friendship. 

To my friends Dr. Charles and Mrs. Gilda Caines, Dr. William 

and Mrs. Loreta Walker, Dr. Donald and Mrs. Evelyn McKeon, 

for their love, support and understanding during times of 

needs. 

iv



I wish to thank EMBRAPA - Empresa Brasileira de Pesquisa 

Agropecuaria for the grant and assistance through the 

graduate program. 

My most sincere appreciation to my wife Darci and my 

daughter Sabrina for their continued support, understanding, 

love and sacrifice made throughout the graduate program. 

And I dedicated this work to my friend, Professor R.E. 

Blaser for his encouragement, support, and efforts to 

understand and teach the Soil-Plant-Animal Complex.



Table of Contents 

Introduction . ...... 6 « « « « 

Manuscript Organization. ...... 

Chapter 1. 

Review of Literature ........ 

Growth and development of the mammary gland. 

Prepubertal nutrition and lactation performance 

in dairy cows ........ 

Growth and growth components . . 

Growth measurements. ..... . 

Body composition ........ 

Concepts . . . . « © © « « e « « 

Prediction of body composition . 

~ 10 

-1l 

~13 

~17 

~17 

-18 

Target weights and structural scale for dairy heifers.22 

Optimal feeding and management of replacement heifers.25 

Growth rates .....« « e« e« e e 

Age and body weight at first calving . 

Essential Nutrients and Nutrition. 

Energy nutrition: digestion and utilization. 

Protein nutrition: levels and quality. 

Ration composition and rumen development . 

vi 

-25 

-28 

30 

~31 

34 

~39



Daily nutrient requirement ..... 

Feeding systems for dairy cattle. . 

Confinement. . ..... 2.2.2... -s 

Pasture importance and utilization . 

Pasture supplementation. ...... 

Potential problems for using pastures. 

Pasture management to compete for productivity 

Estimates of herbage quality and intake. 

Herbage intake by grazing ruminants. 

Estimation of herbage intake by grazing ruminants. 

Growth promotants for ruminants. .. 

Costs of a dairy herd replacement program. 

Chapter 2. 

Effects of different levels of energy on growth and body 

composition of grazing and drylot fed Holstein heifers 

Abstract . . . . 2. «© «© «© «© © © © © 

Introduction .......+.ee. 

Experiment 1. ..... «+ «© © « « 

Pastures . 2. 2. 2. «© © «© © © © © © « « 

Animals supplement and measurements. 

Statistical Analysis ........ 

Vil 

-40 

-41 

-41 

-42 

-46 

-48 

-49 

-51 

~54 

255 

-56 

- 62 

64 

-65 

67 

67 

- 68 

-69



Results and Discussion .........+e+.. 

Experiment 2. . . «2... © «© © «© © © © © ew 

Introduction . . . . . 2. 6 « «© © © © © © © eo 

Materials and Methods. .........ee. 

Drylot Phase . ..... .« « © e «© «© « © « « - 

Pasture Phase. . . . 2. © © «© © © © «© © © «© «© « 

Statistical Analysis for drylot phase. ... 

Statistical Analysis for pasture phase... . 

Results and Discussion .........e.e.. 

Pasture Phase. . . ... 2. « © «© © © «© « «© « « 

Body Composition . . . . «2. 2. 6 «© © © © «© © © 

Chapter 3. 

Growth and body composition responses in Holstein 

heifers to lasalocid and supplemental protein- 

energy as compared to a drylot diet. 

Abstract . . . 2. 2 2. © © © © © © © © © © ew ew 

Introduction . ...... 5... «6 ee ee 

Materials and Methods. .........e.-s 

Pasture. . 2. 2. 2. «© © © © «© © «© © © © © © © © « 

Animals and Treatments .........e.. 

Ultrasound Measurements. . ......-..-.. 

Urea and Body Composition. .......... 

vill 

.70 

.74 

.74 

275 

275 

£75 

.76 

.77 

.78 

.80 

-85 

£95 

.96 

.98 

.98 

.99 

100 

101



Statistical Analysis . 

Results and Discussion 

Growth ........ 

Body Composition... 

Chapter 4. 

Intake of grazing Holstein 

lasalocid and supplemental 

compared to drylot diet. 

Abstract ......e. 

Introduction ..... 

Materials and Methods. 

Dry Matter Intake... 

Feces Collection and Analysis. 

Statistical Analysis . 

Results and Discussion 

Economic analysis. . . 

Introduction ..... 

Results and Discussion 

heifers in response 

protein-energy as 

1x 

to 

103 

104 

104 

108 

121 

122 

123 

123 

125 

126 

127 

139 

139 

142



Chapter 5. 

Growth and body composition responses of Holstein 

heifers to varying rumen degradable protein 

sources 

Abstract . . 2. 2. 2. 2 6 © 2 6 ee ew ew ew ew ew we CAT 

Introduction . . . 2. 2. 2. 2 © © © © © © ew ew ew ww we 148 

Materials and Methods. ............-. =. 150 

Statistical Analysis ...........-e..... 151 

Results and Discussion .........e. e« «© « « « 153 

Chapter 6. 

Holstein heifer growth on grass-legume pastures 

supplemented with rumen undegradable protein. 

Abstract . .. . . 2. «© « © «© «© © © © «© © © © © «© «© -« 164 

Introduction . . . 2. 2. 6. © «© © © © © © e © ew ew ew he he 6165 

Materials and Methods. ..........e...-.. - 166 

Statistical Analysis . ........« «2. « © « «© « «© 167 

Results and Discussion . .........-..e... 167 

Conclusions. e e . e » e se e e ° e ° e ° e e os e e e 174



Chapter 7. 

Summary and Conclusions 

Summary. 

General Conclusions. 

Bibliography . 

Appendix Tables. 

Vita 

X1 

175 

179 

182 

210 

226



Table 

Table 

Table 

Table 

Table 

List of Tables 

Empty body composition of dairy animals 

at several ages, determined by chemical 

analysis e ° e e e e ° e e e ° es e e ° s e e 

Target body weight (kg) for replacement 

heifers calving at 24 months of age. 

Structural scale measurements for Holstein 

heifers from birth until freshening at 24 

months of age. .......e.. 

Required continuous growth rates (ADG-g/d) 

for heifers from large breeds after birth to 

attain target weights at first service (15 mo) 

and first calving at 24 months... . 

Molar proportions of volatile fatty acids (%) 

in lambs sustained by intragastric infusion 

and the efficiency of energy utilization for 

growth . . . 2. 2. «© «© «© © © © «© © «© © ew ew ew 

X11 

19 

-23 

~24 

-27 

~32



Table 6. 

Table 7. 

Table 8. 

Table 9. 

Table 10. 

The proportion (g/kg) of water, fat, crude 

protein, ash and the gross energy content 

(Mcal/kg) in the empty body of Holstein steers 

at different weights ............. .33 

Influence of monensin and lasalocid on cattle 

performance and carcass composition. ..... .60 

Production measurements of two groups of 

Holstein heifers supplemented with cracked 

corn in alternate 28-d periods during a 

140 day grazing period (1987) on a grass-legume 

mixture » e . e e e e e e * ® e ° e e e e e cd e e 72 

Effect alternate periods of corn 

supplementation on BW and daily gain of 

grazing Holstein heifers from June- 

October, 1987. . . . « «© «© «© © © © © © © © «© « 273 

Performance of Holstein heifers with low and 

high energy diets in confinement feeding from 

December 1987 until April 1988 before turning 

out on pasture (LS means). ......-.-... .79 

x1il



Table 11. 

Table 12. 

Table 13. 

Table 14. 

Table 15. 

Least square means for BW, gain, wither 

height, heart girth of Holstein heifers grazing 

a grass-legume mixture with or without energy 

supplementation for alternate 28-d periods in 

1988 . ©. © 2 «© © © © © © © © 6 ee le lel ell ele lU BR 

Production measurements: BWT, ADG, H and HG of 

Holstein heifers, under supp*size, supp*diet, 

size*diet and supp*size*diet interactions (LS 

means) . . . « «© «© «© © © © © © © © © © «© © « « 283 

Least square means for US, PUN, EBWATER, EBFAT, 

EBPRO, and estimated empty body weight (EEBW) 

of Holstein heifers in drylot (129 d).... . .86 

Body composition (mass basis) of Holstein 

heifers fed either a high energy diet (105% 

NRC) or a low energy diet (85% NRC) at the 

end of drylot phase ............. .87 

Effects of supplementation, size and previous 

diet on PUN and body composition of Holstein 

heifers grazing a grass-legume mixture pasture .90 

X1iV



Table 16. 

Table 17. 

Table 18. 

Table 19. 

Table 20. 

Temporal changes in PUN and body composition 

of Holstein heifers before and during the 

grazing season, 1988 on a grass-legume mixture 

pasture with or without energy supplementation .91 

Changes in empty body composition on mass 

basis for grazing Holstein heifers in 1988 .. .92 

Treatment of effects on body weight, gains, 

wither weight, heart girth, body condition 

score, backfat depth and ribeye area of 

Holstein heifers (LS means). ........ . 105 

Least square means and standard errors for 

plasma urea nitrogen, change in plasma urea 

nitrogen, hematocrit, urea space and body 

components of Holstein heifers fed a total 

mixed ration in drylot or grazing a grass- 

legume mixture alone or supplemented with 

lasalocid or a 19% CP grain mixture in 1988. . 109 

Effect of drylot, pasture alone, pasture 

plus lasalocid (PL) and pasture plus 19% CP 

(PG) on empty body composition of Holstein 

heifers on a mass basis (kg). LS means. ... 111



Table 21. 

Table 22. 

Table 23. 

Table 24. 

Sequential changes in body composition of 

Holstein heifers fed either a TMR in drylot 

(DL), pasture alone (PA), pasture plus 

lasalocid (PL) or pasture plus a grain 

mixture, 19% CP (PG) ........ «+... -. 113 

Sequential changes in body composition (kg) 

of Holstein heifers fed either a TMR in 

drylot (DL), pasture alone (PA), pasture 

plus lasalocid (PL) or pasture plus a grain 

mixture 19% CP (PG). ..... ..+...... 114 

Sequential changes in the energy contents of 

gain in Holstein heifers fed either TMR in 

drylot (DL), pasture alone (PA), pasture 

plus lasalocid (PL) or pasture plus a grain 

mixture 19% CP (PG). ........«...- 116 

Changes in blood measurements, urea space and 

body composition of Holstein heifers fed a TMR 

in confinement or pasture supplemented with 

lasalocid or a 19% ..... 6 © © «© © «© «© «© © 117



Table 25. 

Table 26. 

Table 27. 

Table 28. 

Sequential changes in body composition (kg) 

of Holstein heifers fed either a TMR in 

drylot (DL), pasture alone (PA), pasture 

plus lasalocid (PL) or pasture plus a grain 

mixture, 19% CP (PG) . .......-.-.-.-.. 119 

Chromium recovery, fecal output, herbage 

digestibility, fecal N and intake of Holstein 

heifers grazing a grass-legume mixture with or 

without supplementation (lasalocid or a 19% CP 

grain mix) . . 2. 2. © © «© © © © © @ @ © ow e ew e 129 

Age, dry matter intake, body weight, average 

daily gain and dry matter intake as percent of 

body weight for grazing Holstein heifers as 

compared to drylot TMR feeding. ...... . 132 

Annual cost per treatment and drylot pasture 

systems combinations, pasture (160 d) and 

adrylot (205 d) period. ............ 134 

xXVii



Table 29. 

Table 30 

Table 31. 

Table 32. 

Table 33. 

Least square means by period and d for Cr, 

fecal output, digestibility coefficient, fecal 

nitrogen and intake for Holstein heifers 

grazing a grass - legume mixture with or. 

without supplementation in 1989. ...... . 136 

Predicted (NRC, 1989) and estimated (fecal 

index) DM intake for Holstein heifers. . .. . 138 

Cost-phase relationship of raising heifers 

to calve at 24 mo old under drylot and 

drylot-pasture combinations. ........ . 140 

Effect of previous treatment (drylot, pasture 

alone, pasture + lasalocid and pasture + 19% CP 

concentrate) on BW, ADG, DMI, WH, HG, backfat, 

REA and BCS of Holstein heifers (fed fishmeal 

or soybean meal combined). ......... . 154 

Effect of body size and protein sources on 

performance of Holstein heifers in 

confinement. . ... .. «6 « © © © «© « © « « 156 

XVili



Table 34. 

Table 35. 

Table 36. 

Table 37. 

Table 38. 

Effect of previous treatments on blood 

measurements, urea space and body composition 

of Holstein heifers. (The data for FM and 

SBM protein are combined ........... 159 

Effect of body size and protein sources on 

blood measurements and body composition of 

Holstein heifers in confinement (60 d period). 161 

Differences in blood parameters, urea space, 

and body components of Holstein heifers on 

different protein sources. ......... . 162 

Effects of treatment and period of the year on 

urea space and body components of Holstein 

heifers receiving energy, energy-protein or 

rumen undegradable protein to supplement 

pasture * e . e e e e e e e e s e ° e e es s es . 168 

Body composition of Holstein heifers grazing 

on grass-legume mixture supplemented with 

energy, energy-protein or rumen undegradable 

protein. e e e e « es e e e ° e ° e e ° s e e e 169 

X1x



Table 39. 

Table 40. 

Effects of treatment and period of the year 

on urea space and body components of Holstein 

heifers receiving energy, energy-protein or 

rumen undegradable protein to supplement 

pasture e s s e e e e e s e e e e e e e 2 e * oe 17 2 

Sequential changes in body composition of 

Holstein heifers grazing on grass-legume 

mixture pastures in 1990 .........-. =. 4173



List of Figures 

Figure 1. Phases of a dairy herd replacement program 

according to recommendation for feeding and 

managing a dairy heifer for optimum milk 

program . . 1. 2. 6 «© © © © © © © eo we ew we ws 

Figure 2. Stages of growth and development of the mammary 

gland in a bovine female and their association 

with nutritional statue. .........e. 

XX1



INTRODUCTION 

Growing replacement dairy heifers to first calving is a 

significant cost. Estimated costs of this non-productive 

period in a heifer’s life range from $750 to $1300 (43,126) 

varying with systems of rearing and feed ingredients. Feed 

costs alone account for 50-60% of the total rearing expenses 

(43,75). 

A goal for Holstein cattle is to have well fed, growthy 

heifers bred at 350 kg (12-16 mo), calving at a weight above 

500 kg and wither height (WH) of 133 cm yet reared at a 

modest expense (112,126,129,227,287,297). The diagram in 

Figure 1 illustrates a replacement program fitting this 

description. The rearing program is broken down into three 

distinct phases: birth to 4.5 mo of age, 4.5 to 12 mo, and 

12 to 24 mo. Under experimental conditions, given adequate 

nutrition, dairy heifers have attained puberty at 7 to 8 mo 

of age (139,289) and calved at 18-21 mo (6,161,257). Phases 

I and II are the most likely to be affected by nutrition and 

feeding practices which may impair future milk production. 

Excessive rates of gain (>800 g/day) if leading to fat 

tissue deposition prior to puberty ( Phase II) may alter the 

ratio of parenchymal to fatty tissue in the mammary gland,



  

  
PHASE | PHASE II I PHASE Ill 

  

  

  

  

  

[FIRST 

oreo 
  

          

  

      

AGE-MONTH BIRTH 30 45 7.0 9.0 120 14.0 16.0 24.0 

RECOMMENDATION 

BW, kg 44 92 233 330 370 558 

RATE OF GAIN, g/d 

CONTINUOUS 740 

DETRIMENTAL IF >800 

IDEAL WITHER 

HEIGHT, cm 75 119 133 

Figure 1. Phases of a dairy herd replacement program 
according to the current recommendation for feeding and 
managing a dairy heifer for optimum milk production.



and may cause permanent physiological damage, causing 

reduced milk production (87,182,206,297). Increased 

dystocia, reduced conception rates (137), reduced milking 

life, milk yield, and increased feeding costs due to faster 

rates of gain are also reported (239). Rearing dairy 

heifers for early breeding is desirable and economically 

sound because it increases the amount of milk produced due 

to a longer milking life. Shorter generation intervals 

result in more rapid genetic improvement, quicker return on 

capital, reduction in maintenance costs, and a smaller 

requirement at any one time for heifers reared as herd 

replacements (129,239,240). 

Current diet recommendations for heifers reared in 

confinement may be excessive in energy (126,227,235). Few 

experiments have compared drylot-pasture systems for raising 

dairy heifers. 

The objectives of this research were: 

1. To investigate the growth responses and body composition 

of forage-fed heifers with or without supplements for 

rearing dairy heifers from 4.5 mo old until freshening 

at 24-27 mo.



2. To evaluate a nutritional management system that will 

reduce cost relative to traditional confinement systems 

without adversely affecting growth of Holstein heifers. 

3. To study pasture as a healthful, cheap, and efficient 

alternative feed giving adequate structural growth and 

sound mammary gland development in dairy heifers. 

Manuscript organization 

This manuscript emcompasses seven chapters. Chapter One 

consists of Review of Literature. The other chapters 

describe the series of six experiments conducted from June, 

1987 until October, 1990, where pasture, drylot and 

pasture-drylot combinations were used to feed Holstein 

heifers from 4.5 mo until 14 to 17 mo of age. 

In Chapter 2, two experiments (1987-1988) were reported 

to compare the effects of different levels of energy on 

growth and body composition of grazing and drylot fed 

Holstein heifers. 

Chapter 3 is a report on a series of experiments during 

1989, where growth and body composition responses of 

Holstein heifers to lasalocid and supplemental protein-



energy were compared to a drylot diet. Within this 

experiment an economic analysis determined differences 

between drylot and pasture-drylot combinations for feeding 

dairy heifers. Chapter 4 deals with intake of grazing 

Holstein heifers in response to lasalocid and supplemental 

protein-energy as compared to a drylot diet. 

After drylot-pasture treatments (Chapter 5) heifers were 

brought to a drylot for 60 d to study growth and body 

composition responses of Holstein heifers to varying rumen 

degradable protein sources. 

Chapter 6 reports the experiment conducted during 1990, 

where Holstein heifer growth on grass-legume pastures 

supplemented with rumen undegradable protein was 

investigated. 

Finally, Chapter 7 is summary and conclusion of results 

from experiments conducted for this dissertation.



Chapter 1 

REVIEW OF LITERATURE 

Regardless of the source, purchased or homegrown, dairy 

replacements comprise 40 to 60% of the animals on the dairy 

farm (235,263). On Virginia dairy farms, about 30% of the 

cows are replaced each year (287). 

These two facts per se are important in considering 

production costs and total milk production on a dairy farm. 

Genetic improvement has been a highly achieved goal in dairy 

cattle and research studies over 30 yr (163). Data show 

that mammary gland development and high potential of 

lactation in heifers are highly correlated (163,277). The 

amount of secretory tissue and its secretory activity allows 

the high producing dairy cow to manifest her genetic 

capability (144,289). Several factors have been 

reported to affect the normal growth and development of the 

mammary gland. Therefore, understanding this process is a 

key factor in any good heifer raising progran.
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�p�h�a�s�e�s� �o�f� �m�a�m�m�a�r�y� �d�e�v�e�l�o�p�m�e�n�t�.� 

�A�f�t�e�r� �b�i�r�t�h�,� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t� �a�n�d� �m�a�m�m�a�r�y� �g�l�a�n�d� 

�c�o�n�t�i�n�u�e� �t�o� �g�r�o�w� �a�t� �t�h�e� �s�a�m�e� �r�a�t�e� �a�s� �t�h�e� �b�o�d�y� �a�s� �a� �w�h�o�l�e� 

�(�1�1�5�,�1�7�0�,�2�8�9�,�2�9�7�)� �a�n�d� �t�h�i�s� �o�c�c�u�r�s� �b�e�t�w�e�e�n� �3� �a�n�d� �9� �m�o� �o�f� �a�g�e� 

�(�1�1�5�,�2�9�6�)�.� �T�h�i�s� �i�s� �t�h�e� �p�h�a�s�e� �o�f� �a� �p�o�s�i�t�i�v�e� �a�l�l�o�m�e�t�r�i�c� 

�g�r�o�w�t�h�,� �w�h�i�c�h� �l�a�s�t�s� �u�p� �t�o� �2� �o�r� �3� �m�o� �b�e�f�o�r�e� �p�u�b�e�r�t�y� �(�2�6�0�)�.� 

�T�h�i�s� �p�h�a�s�e� �o�f� �a� �r�a�p�i�d� �p�r�e�p�u�b�e�r�t�a�l� �g�r�o�w�t�h� �i�s� �u�n�d�e�r� �t�h�e� 

�i�n�f�l�u�e�n�c�e� �o�f� �i�n�c�r�e�a�s�i�n�g� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �g�o�n�a�d�o�t�r�o�p�h�i�n�s� 

�f�r�o�m� �t�h�e� �a�n�t�e�r�i�o�r� �p�i�t�u�i�t�a�r�y�,� �s�t�e�r�o�i�d�s� �s�e�c�r�e�t�e�d� �f�r�o�m� �t�h�e� 

�o�v�a�r�i�e�s� �(�5�8�)� �a�n�d� �p�e�p�t�i�d�e�s� �(�1�7�0�)�.� �G�r�o�w�t�h� �h�o�r�m�o�n�e� �s�e�c�r�e�t�i�o�n
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�D�E�V�E�L�O�P�M�E�N�T�:� 

�P�A�T�T�E�R�N�S� �O�F� �1�.� �C�O�N�C�E�P�T�I�O�N� �T�o� �B�I�R�T�H� 

 �� �M�A�M�M�A�R�Y� �G�R�O�W�T�H�:� 

�A�L�L�O�M�E�T�R�I�C� �2�.� �B�I�R�T�H� �T�O� �F�I�R�S�T� �P�R�E�G�N�A�N�C�Y� 

 �� 

�I�S�O�M�E�T�R�I�C� 

�3�.� �P�R�E�G�N�A�N�C�Y� 

�M�A�M�M�O�G�E�N�E� �S�'�S� 

�N�o�.� �&� �A�C�T�I�V�I�T�Y� �O�F� 
�4�.� �L�A�C�T�A�T�I�O�N� 

�S�E�C�R�E�T�O�R�Y� �C�E�L�L�S� 

�M�I�L�K� �P�R�O�D�U�C�T�I�O�N� 

�5� �D�R�Y�P�E�R�I�O�D�  � �� 
�I�N�V�O�L�U�T�I�O�N� 

�S�t�a�g�e�s� �o�f� �g�r�o�w�t�h� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �m�a�m�m�a�r�y� 
�g�l�a�n�d� �i�n� �a� �b�o�v�i�n�e� �f�e�m�a�l�e� �a�n�d� �t�h�e�i�r� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� 
�n�u�t�r�i�t�i�o�n�a�l� �s�t�a�t�u�s�.� 
�T�u�c�k�e�r� �(�2�8�9�)�.� 

�A�d�a�p�t�e�d� �f�r�o�m� �H�o�l�m�e�s� �a�n�d� �W�i�l�s�o�n� �(�1�1�5�)� �a�n�d



�a�n�d� �e�p�i�s�o�d�e�s� �o�f� �r�e�l�e�a�s�e� �a�r�e� �m�o�r�e� �d�i�s�c�r�e�t�e� �b�e�f�o�r�e� �p�u�b�e�r�t�y� 

�t�h�a�n� �a�f�t�e�r� �p�u�b�e�r�t�y� �(�7�8�)�.� �H�i�g�h� �e�n�e�r�g�y� �i�n�t�a�k�e�s� �d�u�r�i�n�g� �t�h�e� 

�p�r�e�p�u�b�e�r�t�a�l� �p�e�r�i�o�d� �d�e�c�r�e�a�s�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �g�r�o�w�t�h� 

�h�o�r�m�o�n�e� �i�n� �b�l�o�o�d� �s�e�r�u�m� �(�2�5�3�)�.� �D�a�i�l�y� �g�r�o�w�t�h� �h�o�r�m�o�n�e� 

�i�n�j�e�c�t�i�o�n�s� �i�n� �l�a�m�b�s� �(�1�3�2�)� �a�n�d� �i�n� �c�a�t�t�l�e� �f�r�o�m� �8� �t�o� �1�2� �m�o� �o�f� 

�a�g�e� �i�n�c�r�e�a�s�e�d� �m�a�m�m�a�r�y� �p�a�r�e�n�c�h�y�m�a� �b�y� �1�8�%� �(�2�5�1�)�.� 

�D�u�r�i�n�g� �t�h�i�s� �a�l�l�o�m�e�t�r�i�c� �g�r�o�w�t�h� �t�h�e� �m�a�m�m�a�r�y� �g�l�a�n�d� �g�r�o�w�s� 

�t�h�r�e�e� �o�r� �f�o�u�r� �t�i�m�e�s� �f�a�s�t�e�r� �t�h�a�n� �t�h�e� �b�o�d�y� �a�s� �a� �w�h�o�l�e�.� �T�h�a�t� 

�g�r�o�w�t�h� �s�e�e�m�s� �t�o� �e�n�d� �a�t� �o�r� �n�e�a�r� �p�u�b�e�r�t�y� �(�1�1�5�,�2�3�3�,�2�9�7�,�3�0�8�)�.� �A� 

�l�i�v�e� �w�e�i�g�h�t� �f�r�o�m� �9�2� �t�o� �2�2�9� �k�g� �o�r� �a�n� �a�g�e� �f�r�o�m� �3� �t�o� �9� �m�o� 

�a�p�p�e�a�r�s� �t�o� �b�e� �t�h�e� �m�o�s�t� �c�r�i�t�i�c�a�l� �t�i�m�e� �f�o�r� �i�n�f�l�u�e�n�c�i�n�g� �m�a�m�m�a�r�y� 

�g�r�o�w�t�h� �o�f� �a� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r� �b�y� �n�u�t�r�i�t�i�o�n� �(�2�9�7�)�.� 

�S�i�n�h�a� �a�n�d� �T�u�c�k�e�r� �(�2�6�0�)�,� �f�o�u�n�d� �t�h�a�t� �m�a�m�m�a�r�y� �g�r�o�w�t�h� �w�a�s� 

�1�.�6� �t�i�m�e�s� �f�a�s�t�e�r� �d�u�r�i�n�g� �t�h�e� �1�0� �t�o� �1�2� �m�o� �p�e�r�i�o�d� �(�o�r� �2�2�9� �t�o� 

�3�3�0� �k�g� �o�f� �l�i�v�e� �w�e�i�g�h�t�)� �t�h�a�n� �i�n� �a�n�y� �o�t�h�e�r� �g�r�o�w�t�h� �p�e�r�i�o�d�.� 

�M�e�a�n� �f�i�r�s�t� �e�s�t�r�u�s� �o�c�c�u�r�r�e�d� �a�t� �7�.�4� �m�o�.� �E�s�t�r�u�s�,� �a�c�h�i�e�v�e�d� �w�h�e�n� 

�a� �h�e�i�f�e�r� �o�v�u�l�a�t�e�s�,� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �b�r�e�e�d�,� �a�g�e�,� �a�n�d� �w�e�i�g�h�t�,� 

�w�i�t�h� �w�e�i�g�h�t� �b�e�i�n�g� �d�i�r�e�c�t�l�y� �d�e�p�e�n�d�e�n�t� �o�n� �n�u�t�r�i�t�i�o�n�.� �A�m�i�r� �a�n�d� 

�c�o�-�w�o�r�k�e�r�s� �(�6�)� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �a�g�e�,� �u�p� �t�o� �5� 

�m�o�,� �a�t� �w�h�i�c�h� �f�i�r�s�t� �e�s�t�r�u�s� �o�c�c�u�r�s� �(�1�2�9�)�.� �A�m�i�r� �e�t� �a�l�.�(�6�)� �f�e�d� 

�h�e�i�f�e�r�s� �f�o�r� �3� �r�a�t�e�s� �o�f� �g�r�o�w�t�h�:� �1�)� �c�o�n�t�r�o�l�,� �f�e�d� �a�c�c�o�r�d�i�n�g� �t�o� 

�S�c�a�n�d�i�n�a�v�i�a�n� �f�e�e�d�i�n�g� �s�t�a�n�d�a�r�d�s�;� �2�)� �r�e�s�t�r�i�c�t�e�d� �f�o�r�a�g�e�,� �w�i�t�h� 

�c�o�n�c�e�n�t�r�a�t�e�s� �a�d� �l�i�b�i�t�u�m�,� �a�n�d� �3�)� �m�i�l�k� �f�e�e�d�i�n�g� �f�o�r� �6� �m�o�n�t�h�s� �(�+



�2�0�0�0� �k�g� �o�f� �m�i�l�k�)� �a�n�d� �a�s� �2� �t�h�e�r�e�a�f�t�e�r�.� �F�i�r�s�t� �e�s�t�r�u�s� �o�c�c�u�r�r�e�d� 

�1�1�.�7� �m�o� �(�2�6�0� �k�g�)�,� �7�.�5� �m�o� �(�2�2�7� �k�g�)� �a�n�d� �5�.�7� �m�o� �(�2�2�6� �k�g�)�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �F�i�r�s�t� �l�a�c�t�a�t�i�o�n� �w�a�s� �3�,�7�3�9�,� �2�,�9�1�9�,� �a�n�d� �2�,�6�0�6� 

�k�g� �o�f� �4�%� �F�C�M�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �B�o�d�y� �w�e�i�g�h�t�s� �a�t� �s�e�c�o�n�d� �c�a�l�v�i�n�g� 

�w�e�r�e� �n�o�t� �d�i�f�f�e�r�e�n�t� �a�m�o�n�g� �t�r�e�a�t�m�e�n�t�s�.� �D�e�l�a�y� �i�n� �e�s�t�r�u�s� �(�1�1�5�)� 

�i�n� �h�e�i�f�e�r�s� �i�s� �u�s�u�a�l�l�y� �r�e�l�a�t�e�d� �t�o� �u�n�d�e�r�n�u�t�r�i�t�i�o�n�.� 

�R�e�c�e�n�t�l�y�,� �P�e�t�i�t�c�l�e�r�c� �e�t� �a�l�.�,� �(�2�1�8�)� �f�o�u�n�d� �t�h�a�t� 

�p�r�e�p�u�b�e�r�t�a�l� �a�n�d� �p�o�s�t�p�u�b�e�r�t�a�l� �h�e�i�f�e�r�s� �w�h�e�n� �e�x�p�o�s�e�d� �t�o� �a� 

�p�h�o�t�o�p�e�r�i�o�d� �o�f� �1�6�L�:�8�D� �(�l�i�g�h�t�:�d�a�r�k�)� �h�a�d� �m�o�r�e� �m�a�m�m�a�r�y� 

�p�a�r�e�n�c�h�y�m�a�l� �d�e�v�e�l�o�p�m�e�n�t� �t�h�a�n� �h�e�i�f�e�r�s� �e�x�p�o�s�e�d� �t�o� �8�L�:�1�6�D�.� �O�n�e� 

�m�i�g�h�t� �s�p�e�c�u�l�a�t�e� �t�h�a�t� �s�o�m�e� �i�n�t�e�r�a�c�t�i�o�n� �r�e�s�p�o�n�s�e� �r�e�l�a�t�i�v�e� �t�o� 

�s�e�a�s�o�n� �a�n�d� �n�u�t�r�i�t�i�o�n� �c�o�u�l�d� �o�c�c�u�r�.� 

�P�r�e�p�u�b�e�r�t�a�l� �n�u�t�r�i�t�i�o�n� �a�n�d� �l�a�c�t�a�t�i�o�n� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �d�a�i�r�y� 

�c�o�w�s� 

�S�e�v�e�r�a�l� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �g�e�n�o�t�y�p�e�,� �s�i�r�e�,� �t�w�i�n�n�i�n�g�,� �a�g�e� �o�f� 

�f�i�r�s�t� �c�a�l�v�i�n�g�,� �l�e�n�g�t�h� �o�f� �a�r�y� �p�e�r�i�o�d�,� �p�l�a�n�e� �o�f� �n�u�t�r�i�t�i�o�n�,� 

�p�r�e�p�a�r�t�u�m� �m�i�l�k�i�n�g�,� �i�n�d�u�c�e�d� �c�a�l�v�i�n�g� �a�n�d� �i�n�d�u�c�e�d� �l�a�c�t�a�t�i�o�n�,� 

�h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �h�a�v�e� �a�n� �e�f�f�e�c�t� �o�n� �t�h�e� �m�a�m�m�a�r�y� �g�l�a�n�d� 

�g�r�o�w�t�h� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �i�t�s� �a�b�i�l�i�t�y� �t�o� �p�r�o�d�u�c�e� �m�i�l�k� 

�(�7�8�,�1�1�5�,�1�2�9�,�2�9�7�)�.� �T�h�e� �a�m�o�u�n�t� �a�n�d� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �s�e�c�r�e�t�o�r�y� 

�t�i�s�s�u�e� �a�t� �p�a�r�t�u�r�i�t�i�o�n� �i�n�f�l�u�e�n�c�e�s� �t�h�e� �a�b�o�v�e� �(�1�1�5�,�1�4�4�)�.� 

�1�0



�F�r�o�m� �t�h�e� �a�b�o�v�e� �f�a�c�t�o�r�s�,� �p�l�a�n�e� �o�f� �n�u�t�r�i�t�i�o�n� �i�s� �t�h�e� �f�a�c�t�o�r� 

�r�e�v�i�e�w�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� �D�a�t�a� �f�r�o�m� �e�x�p�e�r�i�m�e�n�t�s� �w�i�t�h� �d�a�i�r�y� 

�(�2�5�1�,�2�5�2�,�2�6�0�)� �a�n�d� �b�e�e�f� �h�e�i�f�e�r�s� �(�1�3�0�,�1�6�6�)� �a�n�d� �e�w�e�s� 

�(�9�9�,�1�3�1�,�2�8�0�)� �h�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �h�i�g�h� �p�l�a�n�e�s� �o�f� �n�u�t�r�i�t�i�o�n�,� 

�m�o�r�e� �s�p�e�c�i�f�i�c�a�l�l�y�,� �h�i�g�h� �e�n�e�r�g�y� �i�n�t�a�k�e�,� �b�e�f�o�r�e� �p�u�b�e�r�t�y� �c�a�n� 

�r�e�s�t�r�i�c�t� �t�h�e� �g�r�o�w�t�h� �o�f� �t�h�e� �d�e�v�e�l�o�p�i�n�g� �m�a�m�m�a�r�y� �g�l�a�n�d�.� �A�s� �a�n� 

�i�m�m�e�d�i�a�t�e� �c�o�n�s�e�q�u�e�n�c�e�,� �t�h�e�r�e� �i�s� �a� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �s�i�z�e� �o�f� 

�t�h�e� �f�u�n�c�t�i�o�n�a�l� �g�l�a�n�d� �o�f� �t�h�e� �b�o�v�i�n�e� �f�e�m�a�l�e� �(�2�4�8�)� �w�i�t�h� �a� 

�r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �a�m�o�u�n�t� �a�n�d� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �s�e�c�r�e�t�o�r�y� �t�i�s�s�u�e� 

�a�t� �p�a�r�t�u�r�i�t�i�o�n�,� �a�n�d� �t�h�e�r�e�f�o�r�e�,� �m�i�l�k� �o�u�t�p�u�t� �i�s� �r�e�d�u�c�e�d� �(�1�2�5�)�.� 

�S�t�e�l�w�a�g�e�n� �a�n�d� �G�r�i�e�v�e� �(�2�7�0�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �h�e�i�f�e�r�s� �g�a�i�n�i�n�g� �9�0�3� 

�g�/�d� �h�a�d� �f�a�t�t�e�r� �m�a�m�m�a�r�y� �g�l�a�n�d�s� �a�n�d� �d�e�c�r�e�a�s�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� 

�D�N�A�.� �H�o�w�e�v�e�r�,� �t�o�t�a�l� �m�a�m�m�a�r�y� �D�N�A� �d�i�d� �n�o�t� �d�i�f�f�e�r� �a�m�o�n�g� 

�t�r�e�a�t�m�e�n�t� �g�r�o�u�p�s�.� �H�o�w�e�v�e�r�,� �s�o�m�e� �r�e�s�u�l�t�s� �d�o� �n�o�t� �i�n�d�i�c�a�t�e� �a�n�y� 

�c�o�n�s�i�s�t�e�n�t� �i�n�f�l�u�e�n�c�e� �o�f� �n�u�t�r�i�t�i�o�n� �o�n� �m�i�l�k� �y�i�e�l�d� �a�s� �m�e�a�s�u�r�e�d� 

�b�y� �l�i�v�e� �w�e�i�g�h�t� �g�a�i�n� �o�f� �t�h�e� �c�a�l�v�e�s� �(�3�0�9�)�.� 

�G�r�o�w�t�h� �a�n�d� �g�r�o�w�t�h� �c�o�m�p�o�n�e�n�t�s� 

�H�a�m�m�o�n�d� �(�1�0�7�)�,� �d�e�s�c�r�i�b�e�s� �t�h�e� �g�r�o�w�t�h� �p�a�t�t�e�r�n�s� �a�n�d� �t�h�e� 

�m�o�d�e� �o�f� �n�u�t�r�i�t�i�o�n� �f�o�r� �t�h�e� �i�n�t�r�a�-�u�t�e�r�i�n�e� �a�n�d� �a�f�t�e�r� �b�i�r�t�h� 

�p�e�r�i�o�d�s� �f�o�r� �f�a�r�m� �a�n�i�m�a�l�s� �a�n�d� �c�i�t�e�s� �t�h�e� �f�i�n�d�i�n�g�s� �b�e�l�o�w�.� 

�A�f�t�e�r� �b�i�r�t�h�,� �h�o�r�m�o�n�e�s� �f�r�o�m� �t�h�e� �a�n�t�e�r�i�o�r� �p�i�t�u�i�t�a�r�y� �(�2�6�4�)� �a�n�d� 

�t�h�y�r�o�i�d� �(�2�6�2�)� �c�a�n� �i�n�f�l�u�e�n�c�e� �b�o�d�y� �s�i�z�e�.� �H�o�w�e�v�e�r�,� �p�l�a�n�e� �o�f� 

�n�u�t�r�i�t�i�o�n� �(�7�7�,�2�1�1�)� �i�m�p�o�s�e�d� �a�t� �c�e�r�t�a�i�n� �s�t�a�g�e�s� �o�f� �g�r�o�w�t�h� �i�s� 

�1�1



�t�h�e� �m�o�s�t� �c�o�m�m�o�n� �i�n�f�l�u�e�n�c�e� �a�f�f�e�c�t�i�n�g� �b�o�d�y� �s�i�z�e�.� �T�h�e� 

�d�i�f�f�e�r�e�n�t�i�a�l� �r�a�t�e� �o�f� �g�r�o�w�t�h� �s�t�a�t�e�d� �b�y� �H�a�m�m�o�n�d� �(�1�0�6�)�,� �o�c�c�u�r�s� 

�i�n� �t�h�e� �d�i�f�f�e�r�e�n�t� �p�a�r�t�s� �a�n�d� �t�i�s�s�u�e�s� �o�f� �t�h�e� �b�o�d�y�.� �T�h�e�s�e� 

�a�l�t�e�r�a�t�i�o�n�s� �o�c�c�u�r� �i�n� �a� �d�e�f�i�n�i�t�e� �o�r�d�e�r� �a�n�d� �t�h�e�y� �a�r�e� �m�u�c�h� �t�h�e� 

�s�a�m�e� �i�n� �a�l�l� �s�p�e�c�i�e�s�.� 

�H�i�g�h� �p�l�a�n�e�s� �o�f� �n�u�t�r�i�t�i�o�n� �i�m�p�o�s�e�d� �a�t� �c�e�r�t�a�i�n� �s�t�a�g�e�s� �o�f� 

�g�r�o�w�t�h� �a�f�t�e�r� �a� �p�e�r�i�o�d� �o�f� �f�e�e�d� �r�e�s�t�r�i�c�t�i�o�n� �l�e�d� �s�c�i�e�n�t�i�s�t�s� �t�o� 

�o�b�s�e�r�v�e� �t�h�a�t� �a�n�i�m�a�l�s� �w�e�r�e� �a�b�l�e� �t�o� �m�a�k�e� �c�o�m�p�e�n�s�a�t�o�r�y� 

�r�e�s�p�o�n�s�e�s� �t�o�w�a�r�d� �a�d�u�l�t� �s�i�z�e� �(�2�0�5�)�.� �I�n� �e�v�o�l�u�t�i�o�n�,� �t�h�e� �a�n�i�m�a�l� 

�S�p�e�c�i�e�s� �h�a�s� �d�e�v�e�l�o�p�e�d� �a� �f�l�e�x�i�b�l�e� �m�e�t�a�b�o�l�i�c� �m�e�c�h�a�n�i�s�m� �w�h�i�c�h� 

�r�e�d�u�c�e�s� �e�n�e�r�g�y� �d�e�m�a�n�d� �d�u�r�i�n�g� �p�e�r�i�o�d�s� �o�f� �s�c�a�r�c�i�t�y� �o�f� �n�u�t�r�i�e�n�t� 

�s�u�p�p�l�y� �a�n�d� �r�e�s�t�o�r�a�t�i�o�n� �o�f� �t�h�e� �e�n�e�r�g�y� �s�t�o�r�e�s� �d�u�r�i�n�g� �p�e�r�i�o�d�s� 

�o�f� �n�u�t�r�i�e�n�t� �a�b�u�n�d�a�n�c�e� �(�1�5�5�)�.� �C�o�m�p�e�n�s�a�t�o�r�y� �g�r�o�w�t�h� �h�a�s� �b�e�e�n� 

�d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �r�a�t�s� �(�1�6�9�,�2�0�5�)�,� �p�i�g�s� �(�1�6�8�,�1�7�3�)�,� �l�a�m�b�s� �(�1�7�2�)�,� 

�a�n�d� �c�a�t�t�l�e� �(�2�1�4�,�2�7�6�,�3�1�2�,�3�1�4�)�.� 

�T�h�e� �r�e�s�p�o�n�s�e� �a�c�h�i�e�v�e�d� �t�h�r�o�u�g�h� �c�o�m�p�e�n�s�a�t�o�r�y� �g�r�o�w�t�h� 

�r�e�p�o�r�t�e�d� �i�n� �s�e�v�e�r�a�l� �s�t�u�d�i�e�s� �r�e�v�i�e�w�e�d� �b�y� �R�e�i�d� �a�n�d� �W�h�i�t�e� �(�2�3�4�)� 

�h�a�s� �b�e�e�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h�:� �1�)� �i�n�c�r�e�a�s�e�d� �f�e�e�d� �i�n�t�a�k�e� �r�e�l�a�t�i�v�e� 

�t�o� �m�e�t�a�b�o�l�i�c� �s�i�z�e�,� �2�)� �i�n�c�r�e�a�s�e�d� �e�f�f�i�c�i�e�n�c�y� �o�f� �f�e�e�d� 

�u�t�i�l�i�z�a�t�i�o�n� �f�o�r� �m�a�i�n�t�e�n�a�n�c�e� �o�r� �p�r�o�d�u�c�t�i�o�n�,� �a�n�d�/�o�r� �3�)� �a� 

�r�e�a�r�r�a�n�g�e�m�e�n�t� �o�f� �t�h�e� �c�h�e�m�i�c�a�l� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �b�o�d�y� 

�(�d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�i�s�s�u�e� �d�e�p�o�s�i�t�i�o�n�,� �i�n� �g�e�n�e�r�a�l�,� �m�o�r�e� �f�a�t� �a�n�d� 

�l�e�s�s� �p�r�o�t�e�i�n�)� �a�f�t�e�r� �f�u�l�l� �f�e�e�d�i�n�g� �i�s� �r�e�s�t�o�r�e�d�.� �H�o�w�e�v�e�r�,� �M�e�y�e�r� 

�1�2



�a�n�d� �C�l�a�w�s�o�n� �(�1�7�9�)� �a�n�d� �M�e�y�e�r� �e�t� �a�l�.� �(�1�8�0�)� �f�o�u�n�d� �a�n� �i�n�c�r�e�a�s�e� 

�i�n� �e�n�e�r�g�y� �u�t�i�l�i�z�a�t�i�o�n� �d�u�r�i�n�g� �c�o�m�p�e�n�s�a�t�o�r�y� �g�r�o�w�t�h� �w�i�t�h� �r�a�t�s�,� 

�i�n�d�e�p�e�n�d�e�n�t� �o�f� �f�e�e�d� �i�n�t�a�k�e� �l�e�v�e�l� �.� 

�G�r�o�w�t�h� �m�e�a�s�u�r�e�m�e�n�t�s� 

�E�s�t�i�m�a�t�i�o�n� �o�f� �i�n� �v�i�v�o� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �m�a�y� �r�e�p�r�e�s�e�n�t� �a� 

�s�t�e�p� �t�o� �u�n�d�e�r�s�t�a�n�d� �g�r�o�w�t�h� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �f�a�r�m� �a�n�i�m�a�l�s�.� 

�B�o�d�y� �w�e�i�g�h�t� �(�B�W�)� �c�h�a�n�g�e�s� �o�r� �b�o�d�y� �g�r�o�w�t�h�,� �a�v�e�r�a�g�e� �d�a�i�l�y� �g�a�i�n�s� 

�(�A�D�G�)� �a�n�d� �l�i�n�e�a�r� �m�e�a�s�u�r�e�m�e�n�t�s� �s�u�c�h� �a�s� �w�i�t�h�e�r� �h�e�i�g�h�t� �(�W�H�)�,� 

�h�i�p� �h�e�i�g�h�t� �(�H�H�)� �a�n�d� �h�e�a�r�t� �g�i�r�t�h� �(�H�G�)� �h�a�v�e� �b�e�e�n� �t�h�e� �m�e�a�s�u�r�e�s� 

�u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �a�n�d� �m�o�n�i�t�o�r� �t�h�e� �g�r�o�w�t�h� �o�f� �d�o�m�e�s�t�i�c� �a�n�i�m�a�l�s� 

�(�3�2�,�6�8�)� �e�i�t�h�e�r� �i�n� �r�e�s�e�a�r�c�h� �o�r� �i�n� �p�r�a�c�t�i�c�a�l� �s�i�t�u�a�t�i�o�n�s�.� 

�I�n� �r�u�m�i�n�a�n�t�s�,� �w�h�e�n� �b�o�d�y� �w�e�i�g�h�t� �c�h�a�n�g�e�s� �a�r�e� �u�s�e�d� �a�s� �a� 

�m�e�a�s�u�r�e� �o�f� �g�r�o�w�t�h� �(�2�9�6�)�,� �c�o�n�c�l�u�s�i�o�n�s� �s�h�o�u�l�d� �b�e� �m�a�d�e� �w�i�t�h� 

�c�a�u�t�i�o�n� �(�1�4�)�;� �e�s�p�e�c�i�a�l�l�y� �w�h�e�n� �u�s�i�n�g� �i�n�f�r�e�q�u�e�n�t� �m�e�a�s�u�r�e�m�e�n�t�s� 

�o�f� �l�i�v�e� �w�e�i�g�h�t� �(�6�2�)�.� �T�h�e� �p�r�o�b�l�e�m� �a�f�f�e�c�t�i�n�g� �i�n�t�e�r�p�r�e�t�i�v�e� 

�c�o�n�c�l�u�s�i�o�n�s� �i�s� �t�h�e� �r�u�m�e�n� �f�i�l�l� �(�1�1�0�)�.� �H�o�w�e�v�e�r�,� �W�h�i�t�e�m�a�n� �e�t� 

�a�l�.�,� �(�3�1�8�)� �s�u�g�g�e�s�t� �s�t�a�n�d�a�r�d�i�z�e�d� �p�r�o�c�e�d�u�r�e�s� �f�o�r� �w�e�i�g�h�i�n�g� 

�c�a�t�t�l�e� �i�n� �o�r�d�e�r� �t�o� �m�i�n�i�m�i�z�e� �s�o�u�r�c�e�s� �o�f� �v�a�r�i�a�t�i�o�n� �d�u�e� �t�o� �g�u�t� 

�f�i�l�l� �a�n�d� �w�e�i�g�h�i�n�g� �e�r�r�o�r�s�.� �I�n�c�r�e�a�s�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �a�n�i�m�a�l�s� 

�p�e�r� �t�r�e�a�t�m�e�n�t� �w�h�e�n� �w�e�i�g�h�i�n�g� �t�h�e�m� �o�n�c�e� �h�a�s� �r�e�d�u�c�e�d� �t�h�e� 

�r�e�s�i�d�u�a�l� �v�a�r�i�a�t�i�o�n� �(�1�1�8�)�.� 
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�I�n� �g�e�n�e�r�a�l�,� �e�x�p�e�r�i�m�e�n�t�s� �u�t�i�l�i�z�e� �w�e�i�g�h�t� �c�h�a�n�g�e� �a�s� �a� 

�m�e�a�s�u�r�e� �o�f� �r�e�s�p�o�n�s�e� �t�o� �a�n� �i�m�p�o�s�e�d� �c�o�n�d�i�t�i�o�n� �o�r� �t�r�e�a�t�m�e�n�t�.� 

�T�h�e� �w�e�i�g�h�t� �t�a�k�e�n� �a�t� �a�n�y� �t�i�m�e� �i�n�c�l�u�d�e�s� �t�h�e� �a�c�t�u�a�l� �t�i�s�s�u�e� 

�w�e�i�g�h�t� �o�f� �t�h�e� �a�n�i�m�a�l� �p�l�u�s� �t�h�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�e� �d�i�g�e�s�t�i�v�e� 

�t�r�a�c�t�.� �D�a�y� �t�o� �d�a�y� �v�a�r�i�a�t�i�o�n� �i�n� �w�e�i�g�h�t� �i�s� �p�r�o�n�e� �t�o� �b�e� 

�i�n�f�l�u�e�n�c�e�d� �b�y� �g�u�t� �f�i�l�l�,� �s�i�n�c�e� �t�i�s�s�u�e� �w�e�i�g�h�t� �o�f� �a�n� �a�n�i�m�a�l� 

�s�h�o�u�l�d� �n�o�t� �s�h�o�w� �l�a�r�g�e� �v�a�r�i�a�t�i�o�n� �u�n�d�e�r� �n�o�r�m�a�l� �c�o�n�d�i�t�i�o�n�s� 

�(�6�2�)�.� �T�h�e� �g�u�t� �f�i�l�l�,� �w�h�i�c�h� �d�e�p�e�n�d�s� �o�n� �t�y�p�e� �o�f� �d�i�e�t�,� �c�o�u�l�d� 

�c�o�n�t�r�i�b�u�t�e� �t�o� �a�p�p�r�e�c�i�a�b�l�e� �e�r�r�o�r�s�.� �R�u�m�e�n� �f�i�l�l� �v�a�r�y�i�n�g� �f�r�o�m� �1�0� 

�t�o� �2�5�%� �o�f� �t�h�e� �a�c�t�u�a�l� �b�o�d�y� �w�e�i�g�h�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� 

�(�1�,�1�2�3�,�1�2�4�,�2�9�5�)�.� �T�h�e� �l�o�w�e�s�t� �g�u�t� �f�i�l�l� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�r�a�t�i�o�n�s� �c�o�n�t�a�i�n�i�n�g� �h�i�g�h� �e�n�e�r�g�y� �d�e�n�s�i�t�y� �s�u�c�h� �a�s� �t�h�o�s�e� �u�s�i�n�g� 

�h�i�g�h� �l�e�v�e�l�s� �o�f� �c�o�n�c�e�n�t�r�a�t�e�s� �o�r� �c�o�r�n� �s�i�l�a�g�e�,� �w�h�i�c�h� �a�l�s�o� �h�a�v�e� 

�s�h�o�r�t� �r�e�t�e�n�t�i�o�n� �t�i�m�e� �i�n� �t�h�e� �r�u�m�e�n�.� �O�t�h�e�r� �f�o�r�a�g�e�s�,� 

�e�s�p�e�c�i�a�l�l�y� �t�h�o�s�e� �o�f� �l�o�w� �q�u�a�l�i�t�y�,� �l�e�a�d� �t�o� �a�n� �i�n�c�r�e�a�s�e�d� �w�e�i�g�h�t� 

�o�f� �c�o�n�t�e�n�t�s� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �o�f� �r�u�m�i�n�a�n�t�s�.� 

�J�a�h�n� �e�t� �a�l�.� �(�1�2�3�)� �f�e�d� �s�i�x� �d�i�e�t�s� �a�t� �f�o�u�r� �p�r�o�t�e�i�n� �l�e�v�e�l�s� 

�(�8�.�0�,� �1�1�.�5�,� �1�5�.�0� �a�n�d� �1�8�.�0�%� �C�P�)� �a�n�d� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �a�c�i�d� 

�d�e�t�e�r�g�e�n�t� �f�i�b�e�r� �(�1�1�.�0�,� �1�8�.�0� �a�n�d� �2�5�.�0�%� �A�D�F�)� �t�o� �c�a�l�v�e�s� �5� �m�o� �o�f� 

�a�g�e�.� �F�i�l�l� �w�a�s� �1�0�.�4�,� �1�2�.�7� �a�m�d� �1�4�.�5�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �f�o�r� �1�1�.�0�,� 

�1�8�.�0� �a�n�d� �2�5�%� �A�D�F� �r�a�t�i�o�n�s�,� �w�h�e�n� �t�h�e� �p�r�o�t�e�i�n� �l�e�v�e�l�s� �w�e�r�e� 

�a�v�e�r�a�g�e�d�.� �A� �r�a�t�i�o�n� �c�o�n�t�a�i�n�i�n�g� �1�8�.�5�%� �C�P� �a�n�d� �1�1�.�5�%� �A�D�F� �g�a�v�e� 

�t�h�e� �l�o�w�e�s�t� �(�8�.�8�%�)� �g�u�t� �f�i�l�l�,� �w�h�e�r�e�a�s� �t�h�e� �d�i�e�t� �c�o�n�t�a�i�n�i�n�g� �8�.�0�%� 

�C�P� �a�n�d� �2�5�.�0�%� �A�D�F� �r�e�s�u�l�t�e�d� �i�n� �a� �1�6�.�9�%� �g�u�t� �f�i�l�l�.� �T�h�e�i�r� �r�e�s�u�l�t�s� 
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�a�l�s�o� �s�h�o�w� �t�h�a�t� �t�h�e� �d�i�e�t�s� �c�o�n�t�a�i�n�i�n�g� �l�o�w�e�r� �C�P� �l�e�v�e�l�s� �(�8�.�0� �a�n�d� 

�1�1�.�5�%�)� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�n�y� �A�D�F� �p�e�r�c�e�n�t�a�g�e� �r�e�s�u�l�t�e�d� �i�n� 

�h�i�g�h�e�r� �g�u�t� �f�i�l�l�.� �C�h�a�n�g�e�s� �i�n� �w�e�t� �r�u�m�e�n� �f�i�l�l� �o�f� �H�o�l�s�t�e�i�n� 

�h�e�i�f�e�r�s� �w�e�r�e� �r�e�p�o�r�t�e�d� �b�y� �W�a�l�d�o� �(�2�9�6�)�.� �H�e�i�f�e�r�s� �w�e�r�e� �f�e�d� �a� 

�f�o�r�a�g�e� �b�a�s�e�d� �d�i�e�t� �a�t� �o�r� �n�e�a�r� �a�d� �l�i�b�i�t�u�m�,� �a�n�d� �f�i�l�l� �w�a�s� �1�0� �t�o� 

�1�5�%� �f�o�r� �c�o�r�n� �s�i�l�a�g�e�,� �1�5� �t�o� �2�5�%� �f�o�r� �a�l�f�a�l�f�a� �a�n�d� �2�0� �t�o� �2�5�%� �f�o�r� 

�o�r�c�h�a�r�d�g�r�a�s�s� �h�a�y�.� 

�T�h�e� �A�g�r�i�c�u�l�t�u�r�a�l� �R�e�s�e�a�r�c�h� �C�o�u�n�c�i�l� �(�A�R�C�;� �1�)� �c�o�n�s�i�d�e�r�s� �a� 

�c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �a�s� �m�u�c�h� �a�s� �3�0�0� �g� �p�e�r� �k�g� �o�f� �B�W� �f�o�r� �g�u�t� 

�c�o�n�t�e�n�t�s� �o�r� �f�i�l�l� �i�n� �r�u�m�i�n�a�n�t�s�.� �D�i�e�t�a�r�y� �a�n�d� �a�n�i�m�a�l� �f�a�c�t�o�r�s� 

�(�a�g�e� �a�n�d� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�a�t�e�)� �a�f�f�e�c�t� �t�h�e� �w�e�i�g�h�t� �o�f� 

�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �c�o�n�t�e�n�t�s�.� �H�a�y� �a�n�d� �d�r�i�e�d� �g�r�a�s�s� �p�r�o�m�o�t�e� �a� 

�l�a�r�g�e� �g�u�t� �f�i�l�l� �a�s� �c�o�m�p�a�r�e�d� �t�o� �s�i�l�a�g�e�s� �m�a�d�e� �f�r�o�m� �t�h�e� �s�a�m�e� 

�h�e�r�b�a�g�e� �s�p�e�c�i�e�s�.� �G�r�e�e�n� �f�o�r�a�g�e�s� �i�n� �g�r�a�z�i�n�g� �c�o�n�d�i�t�i�o�n�s� �a�r�e� 

�i�n�t�e�r�m�e�d�i�a�t�e� �i�n� �g�u�t� �f�i�l�l� �w�e�i�g�h�t�.� �T�h�e� �A�R�C� �(�1�)� �a�l�s�o� �p�r�e�d�i�c�t�s� 

�t�h�e� �g�u�t� �c�o�n�t�e�n�t ��s� �w�e�i�g�h�t� �a�n�d� �i�t�s� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o� �b�o�d�y� �w�e�i�g�h�t� 

�g�a�i�n� �i�f� �t�h�e� �d�i�e�t� �i�s� �n�o�t� �c�h�a�n�g�e�d�.� �T�h�i�s� �p�r�e�d�i�c�t�i�o�n� �r�e�l�a�t�e�s� 

�e�m�p�t�y� �b�o�d�y� �w�e�i�g�h�t� �(�E�B�W�,� �k�g�)� �t�o� �l�i�v�e� �B�W� �(�k�g�)� �a�n�d� �i�s� �o�b�t�a�i�n�e�d� 

�b�y� �t�h�e� �e�q�u�a�t�i�o�n�:� �B�W�=� �1�.�0�9�(�E�B�W� �+�a�)�,� �w�h�e�r�e� �"�a�"� �i�s� �c�a�l�c�u�l�a�t�e�d� 

�f�r�o�m� �i�n�i�t�i�a�l� �g�u�t� �f�i�l�l� �(�g�/�k�g�E�B�W�)� �a�t� �7�5� �k�g� �E�B�W� �f�o�r� �c�a�t�t�l�e�.� 

�T�h�e� �v�a�l�u�e�s� �f�o�r� �a� �a�r�e� �4�,� �1�4�,� �a�n�d� �2�5� �f�o�r� �a�n� �i�n�i�t�i�a�l� �f�i�l�l� 

�o�f� �1�5�0�,� �3�0�0�,� �a�n�d� �4�5�0� �g�/�k�g� �E�B�W�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �A�R�C� �(�1�)� 

�e�m�p�h�a�s�i�z�e�s� �t�h�a�t� �t�h�e� �f�a�c�t�o�r� �1�.�0�9� �s�h�o�u�l�d� �n�o�t� �b�e� �a�p�p�l�i�e�d� �t�o� 
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�a�n�i�m�a�l�s� �s�u�b�j�e�c�t�e�d� �t�o� �c�h�a�n�g�e�s� �i�n� �d�i�e�t�.� 

�U�s�i�n�g� �c�o�m�b�i�n�e�d� �i�n�d�i�c�e�s� �o�f� �m�e�a�s�u�r�e�m�e�n�t�s� �s�e�e�m�s� �t�o� �b�e� �a� 

�m�o�r�e� �a�p�p�r�o�p�r�i�a�t�e� �m�e�t�h�o�d� �o�f� �m�o�n�i�t�o�r�i�n�g� �a�n�i�m�a�l� �g�r�o�w�t�h� �(�3�1�8�)�.� 

�F�o�r� �g�r�o�w�i�n�g� �c�a�t�t�l�e�,� �t�h�e� �l�i�n�e�a�r� �s�i�z�e� �o�f� �t�h�e� �a�n�i�m�a�l� �i�s� �b�e�t�t�e�r� 

�d�e�s�c�r�i�b�e�d� �b�y� �H�G� �c�o�m�b�i�n�e�d� �w�i�t�h� �B�W� �(�3�0�)�.� �W�H� �i�s� �t�h�e� �b�e�s�t� 

�r�e�f�e�r�e�n�c�e� �t�o� �e�x�p�r�e�s�s� �t�h�e� �n�u�t�r�i�t�i�o�n�a�l� �s�t�a�t�u�s� �i�n� �c�a�t�t�l�e�,� �a�n�d� 

�i�t� �i�s� �o�n�e� �o�f� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �l�e�a�s�t� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �B�W� 

�b�e�c�a�u�s�e� �o�v�e�r� �h�a�l�f� �o�f� �t�h�i�s� �i�n�d�e�x� �i�s� �c�o�m�p�l�e�t�e�d� �b�y� �t�h�e� �t�i�m�e� �t�h�e� 

�a�n�i�m�a�l� �i�s� �b�o�r�n� �(�3�0�)�.� �A�l�s�o�,� �i�n� �d�a�i�r�y� �c�a�t�t�l�e�,� �W�H� �p�r�o�v�i�d�e�s� �a� 

�m�e�a�s�u�r�e� �o�f� �i�n�h�e�r�e�n�t� �s�i�z�e�,� �b�e�c�a�u�s�e� �i�t� �i�s� �a�l�m�o�s�t� �i�n�d�e�p�e�n�d�e�n�t� 

�o�f� �e�n�v�i�r�o�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�.� 

�I�n� �a�n�i�m�a�l�s� �w�h�i�c�h� �a�r�e� �b�o�r�n� �a�t� �a�n� �a�d�v�a�n�c�e�d� �s�t�a�g�e� �o�f� 

�d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �h�a�v�e� �t�o� �f�o�l�l�o�w� �t�h�e�i�r� �d�a�m� �(�h�o�r�s�e�s�,� �c�a�t�t�l�e� �a�n�d� 

�s�h�e�e�p�)�,� �t�h�e� �m�a�x�i�m�u�m� �p�r�o�p�o�r�t�i�o�n�s� �o�f� �l�e�g� �l�e�n�g�t�h� �o�c�c�u�r� �a�t� �b�i�r�t�h� 

�(�1�0�7�)�.� �H�o�w�e�v�e�r�,� �B�W�,� �W�H�,� �a�n�d� �H�G�,� �d�o� �n�o�t� �g�i�v�e� �r�e�s�e�a�r�c�h�e�r�s� �a�n�y� 

�i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �g�a�i�n� �a�c�h�i�e�v�e�d� �b�y� �t�h�e� 

�a�n�i�m�a�l�.� �B�o�d�y� �w�e�i�g�h�t� �g�a�i�n� �i�n� �g�r�o�w�i�n�g� �h�e�i�f�e�r�s� �i�s� �a� �f�u�n�c�t�i�o�n� 

�o�f� �g�r�o�w�t�h�,� �c�h�a�n�g�e�s� �i�n� �r�u�m�e�n� �f�i�l�l�,� �a�n�d� �d�e�p�o�s�i�t�e�d� �r�e�s�e�r�v�e�s� �a�s� 

�b�o�d�y� �t�i�s�s�u�e� �(�2�9�6�,�2�9�7�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �g�a�i�n� �o�r� 

�e�n�e�r�g�y� �s�t�o�r�a�g�e� �v�a�r�i�e�s� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �w�e�i�g�h�t�,� �f�a�t�n�e�s�s�,� �a�n�d� 

�a�g�e� �(�1�4�2�,�1�9�1�,�1�9�3�,�1�9�4�,�3�0�4�)�.� 
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�B�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� 

�C�o�n�c�e�p�t�s� 

�T�h�e� �e�a�r�l�i�e�s�t� �i�n�t�e�r�e�s�t� �i�n� �b�o�d�y� �c�h�e�m�i�c�a�l� �c�o�m�p�o�s�i�t�i�o�n� �o�f� 

�f�a�r�m� �a�n�i�m�a�l�s� �c�a�m�e� �f�r�o�m� �e�x�p�e�r�i�m�e�n�t�s� �c�o�n�d�u�c�t�e�d� �b�y� �v�o�n� �B�e�r�z�o�l�d� 

�(�2�9�4�)�,� �v�o�n� �H�o�s�s�l�i�n� �(�2�9�5�)�,� �a�n�d� �P�f�e�i�f�f�e�r� �(�2�1�9�)�,� �a�l�l� �c�i�t�e�d� �b�y� 

�R�e�i�d� �e�t� �a�l�.� �(�2�3�2�)�.� �M�a�m�m�a�l�s� �(�c�a�t�t�l�e�,� �s�h�e�e�p� �a�n�d� �s�w�i�n�e�)�,� 

�b�i�r�d�s�,� �a�m�p�h�i�b�i�a�n�s�,� �a�n�d� �f�i�s�h�e�s� �a�t� �a�l�l� �s�t�a�g�e�s� �o�f� �d�e�v�e�l�o�p�m�e�n�t� 

�w�e�r�e� �a�n�a�l�y�z�e�d�.� �S�o�o�n� �t�h�e�s�e� �w�o�r�k�s� �l�e�d� �t�h�e�m� �t�o� �c�o�n�c�l�u�d�e� �a�n�d� 

�r�e�p�o�r�t� �a� �s�i�m�i�l�a�r� �c�h�e�m�i�c�a�l� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �f�o�r� �a�n�i�m�a�l�s� �o�f� 

�t�h�e� �s�a�m�e� �s�p�e�c�i�e�s�.� �T�h�e�s�e� �a�u�t�h�o�r�s� �f�o�u�n�d� �t�h�a�t� �t�h�e� �a�m�o�u�n�t� �o�f� 

�w�a�t�e�r� �d�e�c�r�e�a�s�e�s� �a�n�d� �t�h�a�t� �p�r�o�t�e�i�n� �a�n�d� �a�s�h� �c�o�n�t�e�n�t�s� �i�n�c�r�e�a�s�e� 

�i�n� �t�h�e� �b�o�d�y� �a�s� �a�n�i�m�a�l�s� �a�d�v�a�n�c�e� �i�n� �a�g�e�.� �A� �r�e�d�u�c�t�i�o�n� �i�n� �w�a�t�e�r� 

�c�o�n�t�e�n�t� �a�c�c�o�m�p�a�n�y�i�n�g� �a�n� �i�n�c�r�e�a�s�e� �i�n� �f�a�t� �a�l�s�o� �w�a�s� �f�o�u�n�d�.� 

�T�h�e�s�e� �d�e�t�e�r�m�i�n�a�t�i�o�n�s� �w�e�r�e� �a�t�t�a�i�n�e�d� �b�y� �t�h�e� �c�l�a�s�s�i�c�a�l� �m�e�t�h�o�d� 

�o�f� �c�h�e�m�i�c�a�l�l�y� �a�n�a�l�y�z�i�n�g� �t�h�e� �e�n�t�i�r�e� �c�a�r�c�a�s�s�,� �w�h�i�c�h�,� �a�c�c�o�r�d�i�n�g� 

�t�o� �P�o�w�e�l�l� �a�n�d� �H�u�f�f�m�a�n� �(�2�2�2�)�,� �i�s� �t�h�e� �m�o�s�t� �a�c�c�u�r�a�t�e� �e�s�t�i�m�a�t�e� 

�o�f� �c�a�r�c�a�s�s� �c�o�m�p�o�s�i�t�i�o�n�.� 

�M�u�r�r�a�y� �(�1�9�4�)� �s�t�a�t�e�d� �t�h�a�t� �i�f� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �f�a�t� �w�a�s� 

�k�n�o�w�n�,� �t�h�e� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �c�o�u�l�d� �b�e� �d�e�t�e�r�m�i�n�e�d�,� �b�e�c�a�u�s�e� �t�h�e� 

�n�o�n� �f�a�t�t�y� �m�a�t�t�e�r� �h�a�s� �a�n� �a�l�m�o�s�t� �c�o�n�s�t�a�n�t� �c�o�m�p�o�s�i�t�i�o�n�,� �a�n�d� 

�b�o�d�y� �c�o�n�d�i�t�i�o�n� �(�f�a�t�n�e�s�s�)� �w�a�s� �n�o�t� �a�n� �e�f�f�e�c�t� �o�r�,� �b�e�c�a�u�s�e� �o�n�l�y� 

�s�l�i�g�h�t� �v�a�r�i�a�t�i�o�n� �i�s� �d�u�e� �t�o� �t�h�e� �a�g�e� �o�f� �t�h�e� �a�n�i�m�a�l�s� �(�T�a�b�l�e� �1�)�.� 
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�T�a�b�l�e� �1� �s�h�o�w�s� �t�h�e� �e�m�p�t�y� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �d�a�i�r�y� �a�n�i�m�a�l�s� 

�a�n�d� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�b�o�v�e�.� �I�n�c�r�e�a�s�e� �i�n� �b�o�d�y� 

�w�e�i�g�h�t� �o�r� �s�i�z�e� �i�s� �d�u�e� �t�o� �d�e�p�o�s�i�t�i�o�n� �o�f� �f�a�t�t�y� �t�i�s�s�u�e�,� �m�u�s�c�l�e� 

�o�r� �b�o�n�e� �(�2�1�5�)�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n�,� �e�s�t�i�m�a�t�i�o�n� �o�f� �b�o�d�y� 

�c�o�m�p�o�s�i�t�i�o�n� �b�e�c�o�m�e�s� �i�m�p�o�r�t�a�n�t� �i�f� �e�n�e�r�g�y� �g�a�i�n�e�d� �o�r� �l�o�s�t� �b�y� 

�b�o�d�y� �t�i�s�s�u�e�s� �i�s� �a� �m�o�r�e� �s�i�g�n�i�f�i�c�a�n�t� �m�e�a�s�u�r�e� �o�f� �r�e�s�p�o�n�s�e� �t�h�a�n� 

�b�o�d�y� �w�e�i�g�h�t� �c�h�a�n�g�e�s� �a�l�o�n�e� �(�9�0�,�2�3�2�)�.� 

�P�r�e�d�i�c�t�i�o�n� �o�f� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� 

�P�r�e�d�i�c�t�i�o�n� �o�f� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �c�a�n� �b�e� �b�y� �d�i�r�e�c�t� �o�r� 

�i�n�d�i�r�e�c�t� �m�e�t�h�o�d�s�.� �T�h�e� �d�i�r�e�c�t� �m�e�t�h�o�d�,� �i�s� �n�o�t� �a�c�c�e�p�t�a�b�l�e� �i�n� 

�m�a�n�y� �c�a�s�e�s�.� �A�n�o�t�h�e�r� �d�i�s�a�d�v�a�n�t�a�g�e� �o�f� �s�l�a�u�g�h�t�e�r� �i�s� �t�h�a�t� 

�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �c�o�m�p�l�e�t�e� �a�n�i�m�a�l� �b�o�d�y� �f�o�r� �c�h�e�m�i�c�a�l� 

�c�o�m�p�o�s�i�t�i�o�n� �i�s� �e�x�p�e�n�s�i�v�e� �a�n�d� �l�a�b�o�r�i�o�u�s�.� �M�T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�i�n�d�i�r�e�c�t� �m�e�t�h�o�d�s� �o�f� �d�i�l�u�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �a�n�d� �u�l�t�r�a�s�o�n�i�c� 

�d�e�t�e�r�m�i�n�a�t�i�o�n� �a�r�e� �p�r�e�f�e�r�a�b�l�e� �f�o�r� �l�i�v�i�n�g� �a�n�i�m�a�l�s�.� 

�T�h�e� �c�o�n�s�t�a�n�t� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �e�m�p�t�y� �b�o�d�y� �w�a�t�e�r� �a�n�d� 

�t�h�e� �o�t�h�e�r� �b�o�d�y� �c�o�m�p�o�n�e�n�t�s� �h�a�s� �b�e�e�n� �t�h�e� �b�a�s�i�s� �f�o�r� �d�i�l�u�t�i�o�n� 

�t�e�c�h�n�i�q�u�e�s� �(�2�3�2�,�2�5�4�)�.� �E�s�t�i�m�a�t�i�o�n� �o�f� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �i�n� 

�v�i�v�o� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �t�r�a�c�e�r� �d�i�l�u�t�i�o�n� �o�r� �t�h�e� �s�o� �c�a�l�l�e�d� 

�d�i�l�u�t�i�o�n� �t�e�c�h�n�i�q�u�e�,� �w�h�i�c�h� �e�s�t�i�m�a�t�e�s� �t�o�t�a�l� �b�o�d�y� �w�a�t�e�r� 

�(�2�1�0�,�2�6�8�)�.� �S�h�e�n�g� �a�n�d� �H�u�g�g�i�n�s� �(�2�5�5�)� �c�i�t�e� �G�r�e�n�h�a�n�t� �a�n�d� 

�Q�u�i�n�q�u�a�n�d ��s� �(�9�5�)� �e�x�p�e�r�i�m�e�n�t� �w�h�i�c�h� �m�e�a�s�u�r�e�d� �b�l�o�o�d� �v�o�l�u�m�e�,� �a�s� 

�1�8



�T�a�b�l�e� �1�.� �E�m�p�t�y� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �d�a�i�r�y� �a�n�i�m�a�l�s� �a�t� �s�e�v�e�r�a�l� 
�a�g�e�s�,� �d�e�t�e�r�m�i�n�e�d� �b�y� �c�h�e�m�i�c�a�l� �a�n�a�l�y�s�i�s�.� 
� � 

�C�o�m�p�o�n�e�n�t�s� �%� 

� � 

�A�g�e� �B�o�d�y� �D�r�y� 
�M�o� �W�a�t�e�r� �M�a�t�t�e�r� �F�a�t� �P�r�o�t�e�i�n� �A�s�h� 

�F�e�t�u�s� �(�d�a�y� �2�5�3�)� �7�7�.�0� �2�3�.�0� �4�.�5� �1�6�.�5� �3�.�9� 
�N�e�w�b�o�r�n� �7�4�.�9� �2�5�.�0� �4�.�0� �1�8�.�2� �4�.�7� 

�3� �7�0�.�0� �2�7�.�0� �5�.�0� �1�8�.�5� �4�.�7� 
�5� �6�9�.�0� �3�1�.�4� �7�.�9� �1�8�.�7� �4�.�1� 
�6� �6�9�.�0� �2�8�.�5� �6�.�0� �1�8�.�5� �4�.�7� 

�9� �6�6�.�0� �3�1�.�0� �9�.�0� �1�8�.�5� �4�.�7� 

�1�2� �6�4�.�0� �3�5�.�0� �1�2�.�5� �1�8�.�5� �4�.�7� 
�3�0�-�4�2� �5�8�.�0� �4�2�.�0� �1�7�.�5� �1�8�.�5� �5�.�0� 

�4�2�-�5�4� �6�0�.�0� �4�0�.�0� �1�6�.�0� �1�8�.�5� �5�.�0� 

�5�4�-�6�6� �5�7�.�0� �4�3�.�0� �1�8�.�5� �1�8�.�5� �4�.�9� 

�7�2�-�1�4�4� �6�3�.�0� �3�7�.�0� �1�4�.�0� �1�8�.�5� �4�.�9� 
� � 

�A�d�a�p�t�e�d� �f�r�o�m�:� �E�l�l�e�n�b�e�r�g�e�r� �(�1�,�7�3�,�1�2�3�)� 

�1�9



�t�h�e� �f�i�r�s�t� �r�e�s�e�a�r�c�h� �u�s�i�n�g� �t�h�e� �d�i�l�u�t�i�o�n� �p�r�i�n�c�i�p�l�e� �t�o� �m�e�a�s�u�r�e� �a� 

�b�o�d�y� �f�l�u�i�d� �c�o�m�p�a�r�t�m�e�n�t�.� �I�n� �t�h�e� �d�i�l�u�t�i�o�n� �t�e�c�h�n�i�q�u�e�,� �a� �w�a�t�e�r� 

�s�o�l�u�b�l�e� �t�r�a�c�e�r� �s�u�b�s�t�a�n�c�e� �w�h�i�c�h� �c�a�n� �p�e�n�e�t�r�a�t�e� �a�l�l� 

�c�o�m�p�a�r�t�m�e�n�t�s� �o�f� �t�h�e� �b�o�d�y�,� �i�n�t�r�a�c�e�l�l�u�l�a�r� �a�n�d� �e�x�t�r�a�c�e�l�l�u�l�a�r�,� 

�i�s� �i�n�j�e�c�t�e�d� �i�n�t�o� �t�h�e� �b�l�o�o�d� �s�t�r�e�a�m�.� �A�f�t�e�r� �r�e�m�o�v�a�l� �a�n�d� 

�a�n�a�l�y�s�i�s� �o�f� �a� �n�u�m�b�e�r� �o�f� �s�a�m�p�l�e�s� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �t�i�m�e�,� �t�h�e� 

�v�a�l�u�e� �i�s� �e�x�t�r�a�p�o�l�a�t�e�d� �b�a�c�k� �t�o� �z�e�r�o� �t�i�m�e� �(�2�1�5�,�2�2�5�,�2�4�3�,�2�6�8�)�.� 

�T�h�e�n� �t�h�e� �w�a�t�e�r� �c�o�n�t�e�n�t� �o�f� �t�h�e� �b�o�d�y� �m�a�y� �b�e� �e�s�t�i�m�a�t�e�d� �a�n�d� �f�a�t� 

�p�r�e�d�i�c�t�e�d� �(�1�9�3�,�1�9�4�,�2�3�2�)�.� �B�o�d�y� �w�a�t�e�r� �d�i�l�u�t�a�n�t�s� �s�u�c�h� �a�s� 

�a�n�t�i�p�y�r�i�n�e� �(�1�4�6�,�2�1�3�)�,� �N�-�a�c�e�t�y�l�-�4�-�a�m�i�n�o�a�n�t�i�p�y�r�i�n�e� �(�2�3�,�2�1�3�)�,� 

�p�o�t�a�s�s�i�u�m� �4�0� �(�2�2�4�)�,� �S�-�3�5� �t�h�i�o�c�y�n�a�t�e� �(�2�1�2�)�,� �u�r�e�a� �(�1�8�,�1�9�,� 

�2�0�,�2�1�,�1�0�2�,�1�0�3�,�1�0�5�,�2�4�1�)�,� �t�r�i�t�i�a�t�e�d� �w�a�t�e�r� �(�1�6�0�,�2�0�9�,�2�1�3�)� �a�n�d� 

�d�e�u�t�e�r�i�u�m� �o�x�i�d�e� �(�3�2�,�3�4�,�2�0�1�,�2�3�7�)� �h�a�v�e� �b�e�e�n� �u�s�e�d� �t�o� �p�r�e�d�i�c�t� 

�b�o�d�y� �w�a�t�e�r� �i�n� �l�i�v�i�n�g� �a�n�i�m�a�l�s�.� �O�f� �t�h�e�s�e� �d�i�l�u�t�a�n�t�s�,� �u�r�e�a�,� 

�d�e�u�t�e�r�i�u�m� �o�x�i�d�e� �o�r� �t�r�i�t�i�a�t�e�d� �w�a�t�e�r� �h�a�v�e� �b�e�e�n� �u�s�e�d� 

�s�u�c�e�s�s�f�u�l�l�y� �f�o�r� �t�h�e� �p�r�e�d�i�c�t�i�o�n� �o�f� �b�o�d�y� �w�a�t�e�r�.� �T�h�e� �b�e�s�t� 

�e�s�t�i�m�a�t�o�r�s� �o�f� �w�a�t�e�r� �c�o�n�t�e�n�t�s� �a�r�e� �e�i�t�h�e�r� �d�e�u�t�e�r�i�u�m� �o�x�i�d�e� �o�r� 

�t�r�i�t�i�u�m� �b�e�c�a�u�s�e� �t�h�e�s�e� �i�s�o�t�o�p�e�s� �d�i�s�t�r�i�b�u�t�e� �e�v�e�n�l�y�.� �B�u�t� �t�h�e� 

�a�n�a�l�y�t�i�c�a�l� �t�e�c�h�n�i�q�u�e� �i�s� �d�i�f�f�i�c�u�l�t�,� �t�h�e� �c�o�s�t� �i�s� �h�i�g�h� �(�2�0�9�)� �a� 

�l�a�r�g�e� �n�u�m�b�e�r� �o�f� �b�l�o�o�d� �s�a�m�p�l�e�s� �i�s� �r�e�q�u�i�r�e�d� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� 

�t�i�m�e�,� �a�n�d� �d�i�s�p�o�s�a�l� �o�f� �t�h�e� �a�n�i�m�a�l�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n� �i�s� 

�n�e�c�e�s�s�a�r�y�.� �U�r�e�a� �s�p�a�c�e� �i�s� �a� �s�i�m�p�l�e�,� �a�c�c�u�r�a�t�e�,� �a�n�d� �c�o�n�v�e�n�i�e�n�t� 

�m�e�t�h�o�d�,� �b�e�c�a�u�s�e� �u�r�e�a� �i�s� �c�h�e�a�p�,� �e�a�s�i�l�y� �i�n�f�u�s�e�d�,� �r�e�q�u�i�r�e�s� �o�n�l�y� 
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�t�w�o� �b�l�o�o�d� �s�a�m�p�l�e�s� �o�v�e�r� �a� �1�2� �m�i�n� �p�e�r�i�o�d� �(�2�2�5�)� �a�n�d� �d�o�e�s� �n�o�t� 

�r�e�q�u�i�r�e� �t�h�e� �d�i�s�p�o�s�a�l� �o�f� �t�h�e� �a�n�i�m�a�l� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n�.� 

�D�e�s�c�r�i�p�t�i�o�n� �o�f� �c�h�a�n�g�e�s� �i�n� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �d�u�r�i�n�g� �g�r�o�w�t�h� 

�c�a�n� �b�e� �d�e�r�i�v�e�d� �b�y� �s�e�q�u�e�n�t�i�a�l� �o�b�s�e�r�v�a�t�i�o�n�s� �o�r� �l�o�n�g�i�t�u�d�i�n�a�l� 

�d�a�t�a� �(�2�5�0�)� �o�n� �t�h�e� �s�a�m�e� �i�n�d�i�v�i�d�u�a�l�s�,� �w�h�i�c�h� �w�i�l�l� �a�c�t� �a�s� �t�h�e�i�r� 

�o�w�n� �c�o�n�t�r�o�l�.� �T�h�e�r�e�f�o�r�e� �e�q�u�a�t�i�o�n�s� �t�o� �p�r�e�d�i�c�t� �b�o�d�y� 

�c�o�m�p�o�s�i�t�i�o�n� �m�a�y� �b�e� �d�e�r�i�v�e�d� �i�f� �s�o�m�e� �n�o�n�-�d�e�s�t�r�u�c�t�i�v�e� �m�e�t�h�o�d� �i�s� 

�u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �o�r� �a�c�c�e�s�s� �t�h�e� �b�o�d�y� �c�o�m�p�o�n�e�n�t�s�.� �E�q�u�a�t�i�o�n�s� 

�t�o� �p�r�e�d�i�c�t� �t�h�e� �c�h�e�m�i�c�a�l� �c�o�m�p�o�s�i�t�i�o�n� �i�n� �v�i�v�o� �f�r�o�m� �u�r�e�a� �s�p�a�c�e� 

�h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �f�o�r� �b�e�e�f� �c�a�t�t�l�e� �(�1�0�2�,�1�0�3�,�1�4�5�,�2�2�5�,�2�4�1�)�,� 

�s�t�e�e�r�s� �a�n�d� �h�e�i�f�e�r�s� �(�1�8�,�2�3�)�,� �d�a�i�r�y� �c�a�t�t�l�e�,� �u�s�i�n�g� �c�o�w�s� �a�n�d� 

�s�t�e�e�r�s� �(�1�3�3�)�,� �b�u�l�l�s� �(�1�3�7�)�,� �H�o�l�s�t�e�i�n� �s�t�e�e�r�s� �(�1�0�5�)�,� �l�a�m�b�s� 

�(�2�1�,�8�4�,�1�3�2�)� �a�n�d� �p�i�g�s� �(�1�8�6�)�.� 

�R�e�c�e�n�t�l�y�,� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �g�r�o�w�t�h� �a�n�d� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� 

�(�b�a�c�k� �f�a�t� �t�h�i�c�k�n�e�s�s� �a�n�d� �m�u�s�c�l�i�n�g�)� �h�a�v�e� �b�e�e�n� �a�t�t�a�i�n�e�d� �t�h�r�o�u�g�h� 

�u�l�t�r�a�s�o�u�n�d� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n� �c�a�t�t�l�e� �a�n�d� �s�w�i�n�e� �(�1�3�8�,�2�7�4�,�2�7�5�,� 

�2�8�1�,�2�8�3�)� �a�n�d� �i�n� �p�o�n�i�e�s� �(�3�0�5�)�.� �L�i�m�i�t�e�d� �a�p�p�l�i�c�a�t�i�o�n�,� 

�h�o�w�e�v�e�r�,� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d�,� �i�n� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �c�a�r�c�a�s�s� 

�c�o�m�p�o�s�i�t�i�o�n� �i�n� �s�h�e�e�p� �(�1�3�3�)�.� �M�c�L�a�r�e�n� �e�t� �a�l�.� �(�1�7�1�)� �i�n�d�i�c�a�t�e�d� 

�t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �o�p�e�r�a�t�o�r� �e�f�f�e�c�t�s� �o�n� �r�e�p�e�a�t�a�b�i�l�i�t�y� �a�n�d� 

�i�m�a�g�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �f�o�r� �c�a�t�t�l�e�,� �s�h�e�e�p� �a�n�d� �p�i�g�s�.� �f�M�T�h�u�s�,� 

�u�s�i�n�g� �a�n�d� �i�m�p�r�o�v�i�n�g� �t�h�e� �e�s�t�i�m�a�t�i�o�n� �o�f� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �u�n�d�e�r� 

�e�x�p�e�r�i�m�e�n�t�a�l� �a�n�d� �p�r�a�c�t�i�c�a�l� �c�o�n�d�i�t�i�o�n�s� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �t�h�e� 

�2�1



�c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �g�a�i�n� �a�n�d� �d�i�e�t� �c�o�u�l�d� �b�e� �m�a�n�i�p�u�l�a�t�e�d� �t�o� 

�i�m�p�r�o�v�e� �a�n�i�m�a�l� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �d�a�t�a�.� 

�T�a�r�g�e�t� �w�e�i�g�h�t�s� �a�n�d� �s�t�r�u�c�t�u�r�a�l� �s�c�a�l�e� 

�T�a�r�g�e�t� �w�e�i�g�h�t�s� �(�k�g�)� �a�n�d� �o�t�h�e�r� �b�o�d�y� �m�e�a�s�u�r�e�m�e�n�t�s� �f�o�r� 

�r�e�p�l�a�c�e�m�e�n�t� �h�e�i�f�e�r�s� �c�a�l�v�i�n�g� �a�t� �2�4� �m�o� �o�f� �a�g�e� �a�r�e� �s�h�o�w�n� �i�n� 

�T�a�b�l�e�s� �2� �a�n�d� �3�.� �G�r�o�w�t�h� �s�t�a�n�d�a�r�d�s� �f�o�r� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �(�i�.�e�.� 

�B�W� �a�t� �b�i�r�t�h� �a�n�d� �2�4� �m�o�)� �d�i�f�f�e�r� �a�m�o�n�g� �c�o�u�n�t�r�i�e�s�.� �F�o�r� 

�i�n�s�t�a�n�c�e�,� �i�n� �N�e�w� �Z�e�a�l�a�n�d�,� �t�h�e� �r�a�t�e�s� �o�f� �g�a�i�n� �t�o� �a�c�h�i�e�v�e� �t�h�e� 

�d�e�s�i�r�e�d� �w�e�i�g�h�t�s� �a�r�e� �b�a�s�e�d� �o�n� �p�a�s�t�u�r�e� �f�e�e�d�i�n�g�.� �I�n� �t�h�e� �U�S�A�,� 

�t�h�e� �h�e�i�f�e�r� �r�a�t�e�s� �o�f� �g�a�i�n� �m�a�y� �r�e�p�r�e�s�e�n�t� �h�i�g�h�e�r� �g�e�n�e�t�i�c� 

�p�o�t�e�n�t�i�a�l� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �d�i�e�t�s� �a�n�d� �a� �f�e�e�d�i�n�g� �s�y�s�t�e�m� �b�a�s�e�d� 

�u�p�o�n� �d�r�y�l�o�t� �s�i�t�u�a�t�i�o�n�s�.� �A�v�e�r�a�g�i�n�g� �a�l�l� �r�e�c�o�m�m�e�n�d�e�d� �t�a�r�g�e�t� 

�w�e�i�g�h�t�s� �(�T�a�b�l�e� �2�)� �f�o�r� �l�a�r�g�e� �d�a�i�r�y� �h�e�i�f�e�r�s� �i�n� �t�h�e� �U�S�A� �(�T�a�b�l�e� 

�3�)�,� �a� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r� �s�h�o�u�l�d� �w�e�i�g�h� �4�4� �k�g� �a�t� �b�i�r�t�h�,� �3�7�0� �k�g� �a�t� 

�1�5� �m�o� �a�n�d� �5�5�8� �k�g� �a�t� �2�4� �m�o� �o�l�d� �c�a�l�v�i�n�g� �t�i�m�e�.� 

�T�o� �a�c�h�i�e�v�e� �t�h�i�s� �s�t�a�n�d�a�r�d� �a� �c�o�n�t�i�n�u�o�u�s� �r�a�t�e� �o�f� �g�a�i�n� 

�s�h�o�u�l�d� �b�e� �a�r�o�u�n�d� �7�0�0� �g� �p�e�r� �d�a�y�.� �F�r�i�e�s�i�a�n� �h�e�i�f�e�r�s� �c�a�l�v�i�n�g� �a�t� 

�2�4� �m�o� �o�f� �a�g�e� �c�a�n� �e�a�s�i�l�y� �b�e� �a�c�h�i�e�v�e�d� �b�y� �w�e�a�n�i�n�g� �c�a�l�v�e�s� �a�t� �5� 

�w�k� �o�f� �a�g�e� �w�h�e�n� �c�o�n�c�e�n�t�r�a�t�e� �i�n�t�a�k�e� �i�s� �a�b�o�u�t� �5�0�0� �t�o� �7�0�0� �g�/�d� 

�a�n�d� �a�n� �i�m�p�o�s�e�d� �r�a�t�e� �o�f� �w�e�i�g�h�t� �g�a�i�n� �o�f� �6�0�0� �g�/�d� �i�s� �a�t�t�a�i�n�e�d� 

�(�2�4�0�)�.� 

�2�2



�T�a�b�l�e� �2�.� �T�a�r�g�e�t� �b�o�d�y� �w�e�i�g�h�t� �(�k�g�)� �f�o�r� �r�e�p�l�a�c�e�m�e�n�t� �h�e�i�f�e�r�s� 
�c�a�l�v�i�n�g� �a�t� �2�4� �m�o� �o�f� �a�g�e�.� 
� � 

� � 

�I� �I�r� �I�I�I� �I�V� �V� �V�I� 

�A�t� �b�i�r�t�h� �3�5� �4�1� �4�3� �4�5�2� �4�5� �4�5� 
�A�t� �w�e�a�n�i�n�g� �-� �-� �-� �6�2� �-� �-� 
�3� �M�o� �7�0� �9�0� �1�0�0� �1�0�0� �1�0�0� �-� 
�6� �1�2�0� �1�4�9� �1�6�7� �1�7�1� �1�7�7� �1�5�3� 
�9� �-� �2�1�2� �-� �2�3�7� �2�5�4� �2�1�6� 
�1�2� �2�2�0� �2�8�4� �3�1�0� �3�0�6� �3�2�2� �2�8�8� 
�1�5� �2�8�0� �3�6�0� �3�8�0� �3�7�6� �3�6�3� �3�6�4� 
�1�8� �3�1�0� �4�3�7� �4�4�7� �4�3�0� �4�0�9� �4�4�1� 
�2�1� �-� �5�0�9� �-� �4�9�1� �4�6�8� �5�1�3� 
�2�2� �-� �-� �5�3�2� �-� �4�9�0� �5�3�7� 
�2�4� �4�2�0� �5�8�1� �5�7�2�1� �5�2�6� �5�0�4� �5�8�5� 
� � 

�C�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s�:� �1�.� �R�a�t�e� �o�f� �g�a�i�n� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� 
�t�h�e� �s�a�m�e� �f�o�r� �t�h�e� �l�a�s�t� �2� �m�o�.� 

�2�.� �B�o�d�y� �w�e�i�g�h�t�s� �e�s�t�i�m�a�t�e�d� �f�r�o�m� �r�a�t�e�s� 
�o�f� �g�a�i�n� �(�m�e�a�n� �f�o�r� �n�e�x�t� �9�0� �q�d�)� 
�a�s� �p�r�o�p�o�s�e�d� �b�y� �t�h�e� �a�u�t�h�o�r�s�.� 

�S�o�u�r�c�e�s�:� 

�I�.� �H�o�l�m�e�s� �a�n�d� �W�i�l�s�o�n� �(�1�1�5�)� �I�V�.� �H�e�i�n�r�i�c�h�s� �&� �H�a�r�g�r�o�v�e� �(�1�1�3�)� 
�I�I�.� �O�w�e�n� �&� �L�a�r�s�o�n� �(�2�0�7�)� �V�.� �B�e�l�t�s�v�i�l�l�e� �S�t�a�n�d�a�r�d�s� 
�I�I�I�.� �C�r�o�w�l�e�y� �e�t� �a�l� �(�5�9�)� �V�I�.� �W�a�l�d�o� �e�t� �a�l�.� �(�2�9�7�)� 

�2�3



�T�a�b�l�e� �3�.� �S�t�r�u�c�t�u�r�a�l� �s�c�a�l�e� �m�e�a�s�u�r�e�m�e�n�t�s� �f�o�r� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� 
�f�r�o�m� �b�i�r�t�h� �u�n�t�i�l� �f�r�e�s�h�e�n�i�n�g� �a�t� �2�4� �m�o� �o�f� �a�g�e�.� 
� � 

� � 

�H�e�a�r�t� 
�A�g�e� �W�e�i�g�h�t� �H�e�i�g�h�t� �G�i�r�t�h� 
�M�o� �k�g� �c�m� �c�m� 

�4�4� �7�5� �7�6� 
�A�t� �b�i�r�t�h� �6�3� �8�1� �7�2� 
�1� �1�0�2� �8�6� �9�1� 
�2� �1�1�6� �9�0� �n�a� 
�3� �1�4�5� �9�4� �1�1�2� 
�4� �1�6�2� �1�0�2� �1�2�7� 
�6� �2�3�6� �1�1�2� �1�4�5� 
�9� �2�8�3� �1�1�9� �1�5�7� 
�1�2� �3�7�4� �1�2�4� �1�6�6� 
�1�5� �4�0�2� �1�2�8� �1�7�3� 
�1�8� �4�2�9� �1�3�0� �1�8�0� 
�2�1� �4�9�3� �1�3�3� �1�8�2� 
� � 

�A�d�a�p�t�e�d� �f�r�o�m�:� �J�a�m�e�s�,� �1�9�8�8� �(�1�2�5�)� 
�J�a�m�e�s� �a�n�d� �S�t�a�l�l�i�n�g�s�,� �1�9�8�8� �(�2�6�6�)� 
�N�R�C�,� �1�9�8�9� �(�1�9�8�)� 
�E�t�g�e�n� �e�t� �a�l�.�,� �1�9�8�7� �(�7�5�)� 

�n�a� �-� �n�o�t� �a�v�a�i�l�a�b�l�e� 

�2�4



�E�c�k�l�e�s� �(�7�1�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �e�n�e�r�g�y� �a�c�c�e�l�e�r�a�t�e�s� �b�o�d�y� 

�g�r�o�w�t�h� �d�u�r�i�n�g� �t�h�e� �p�e�r�i�o�d� �o�f� �m�o�s�t� �r�a�p�i�d� �d�e�v�e�l�o�p�m�e�n�t�.� �F�a�t�n�e�s�s� 

�w�i�l�l� �o�c�c�u�r� �i�n� �h�e�i�f�e�r�s� �r�e�c�e�i�v�i�n�g� �h�i�g�h� �e�n�e�r�g�y� �l�e�v�e�l�s�,� �a�n�d� 

�h�e�i�f�e�r�s� �r�e�c�e�i�v�i�n�g� �l�o�w� �e�n�e�r�g�y� �g�r�o�w� �l�e�s�s� �r�a�p�i�d�l�y� �b�u�t� �c�o�n�t�i�n�u�e� 

�t�o� �g�r�o�w� �f�o�r� �a� �l�o�n�g�e�r� �p�e�r�i�o�d�;� �a�n�d� �v�a�r�i�a�t�i�o�n�s� �i�n� �n�u�t�r�i�t�i�o�n� 

�h�a�v�e� �g�r�e�a�t�e�r� �e�f�f�e�c�t�s� �o�n� �B�W� �t�h�a�n� �o�n� �r�a�t�e� �o�f� �s�k�e�l�e�t�a�l� �g�r�o�w�t�h� 

�o�f� �g�r�o�w�i�n�g� �h�e�i�f�e�r�s�.� �H�i�s� �c�o�n�c�l�u�s�i�o�n�s� �a�r�e� �s�t�i�l�l� �g�e�n�e�r�a�l�l�y� 

�a�c�c�e�p�t�e�d� �a�n�d� �a�r�e� �u�n�d�e�r� �i�n�t�e�n�s�i�v�e� �e�v�a�l�u�a�t�i�o�n� �t�h�r�o�u�g�h� �c�u�r�r�e�n�t� 

�h�e�i�f�e�r� �r�e�s�e�a�r�c�h� �i�n� �m�a�n�y� �c�o�u�n�t�r�i�e�s�.� 

�O�p�t�i�m�a�l� �f�e�e�d�i�n�g� �a�n�d� �m�a�n�a�g�e�m�e�n�t� �o�f� �r�e�p�l�a�c�e�m�e�n�t� �h�e�i�f�e�r�s� 

�G�r�o�w�t�h� �r�a�t�e�s� 

�G�r�o�w�t�h� �p�a�t�t�e�r�n�s� �o�f� �g�r�o�w�i�n�g� �a�n�i�m�a�l�s� �c�a�n� �b�e� �v�a�r�i�e�d� �(�2�1�4�,� 

�2�7�8�,�2�7�9�)�.� �G�r�o�w�i�n�g� �a�n�i�m�a�l�s� �r�e�q�u�i�r�e� �a�n� �a�d�e�q�u�a�t�e� �e�n�e�r�g�y� �a�n�d� 

�p�r�o�t�e�i�n� �s�u�p�p�l�y� �f�o�r� �m�a�i�n�t�e�n�a�n�c�e� �a�n�d� �f�o�r� �t�h�e� �o�n�s�e�t� �o�f� �p�u�b�e�r�t�y�,� 

�(�1�9�8�)�.� �T�h�e�r�e�f�o�r�e�,� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �f�e�e�d�i�n�g� �p�r�a�c�t�i�c�e�s� �(�d�i�e�t�s�)� 

�m�a�y� �h�a�v�e� �e�i�t�h�e�r� �a� �p�o�s�i�t�i�v�e� �o�r� �n�e�g�a�t�i�v�e� �e�f�f�e�c�t� �o�n� �h�e�i�f�e�r� 

�g�r�o�w�t�h� �r�a�t�e� �a�n�d� �a�g�e� �a�t� �f�i�r�s�t� �c�a�l�v�i�n�g�.� �A�n� �a�n�i�m�a�l� �c�a�l�v�i�n�g� �a�t� 

�2�4� �o�r� �3�6� �m�o� �o�f� �a�g�e� �w�i�l�l� �r�e�q�u�i�r�e� �4�0� �a�n�d� �3�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�t�o�t�a�l� �e�n�e�r�g�y� �i�n�p�u�t� �f�o�r� �g�r�o�w�t�h�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�2�3�9�)�.� �T�h�e� �o�t�h�e�r� 

�6�0� �o�r� �7�0� �%� �w�i�l�l� �b�e� �u�s�e�d� �f�o�r� �m�a�i�n�t�e�n�a�n�c�e�.� �T�h�e� �p�a�t�t�e�r�n� �o�f� 

�g�r�o�w�t�h� �d�u�r�i�n�g� �r�e�a�r�i�n�g� �i�s� �n�o�t� �c�r�i�t�i�c�a�l�,� �s�i�n�c�e� �c�o�m�p�e�n�s�a�t�o�r�y� 

�g�r�o�w�t�h� �i�s� �a� �n�o�r�m�a�l� �p�r�o�c�e�s�s� �i�n� �c�a�t�t�l�e� �(�1�1�5�,�2�1�4�,�2�3�4�,�2�8�3�,�3�1�2�)�.� 
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�H�o�w�e�v�e�r�,� �g�r�o�w�t�h� �r�a�t�e�s� �i�n� �e�x�c�e�s�s� �o�f� �8�0�0� �g� �p�e�r� �d�a�y� �b�e�f�o�r�e� �a�n�d� 

�a�r�o�u�n�d� �p�u�b�e�r�t�y�,� �w�h�i�c�h� �o�c�c�u�r�s� �a�t� �a�b�o�u�t� �2�7�5� �k�g� �o�f� �B�W� �i�n�a� 

�H�o�l�s�t�e�i�n� �h�e�i�f�e�r� �(�2�3�3�,�2�6�0�,�3�0�8�)� �m�a�y� �p�e�r�m�a�n�e�n�t�l�y� �r�e�d�u�c�e� �m�i�l�k� 

�p�r�o�d�u�c�t�i�o�n� �(�7�8�,�1�1�5�,�1�2�0�,�1�6�1�,�1�6�2�,�2�0�6�,�2�5�1�)�.� �A�m�i�r� �e�t� �a�l�.� �(�6�)� 

�r�e�a�r�e�d� �I�s�r�a�e�l�i�-�F�r�i�e�s�i�a�n� �h�e�i�f�e�r�s� �u�n�d�e�r� �a�c�c�e�l�e�r�a�t�e�d� �g�r�o�w�t�h� �b�y� 

�m�e�a�n�s� �o�f� �h�i�g�h� �l�e�v�e�l� �f�e�e�d�i�n�g�.� �T�h�e�i�r� �s�t�u�d�y� �s�h�o�w�e�d� �a� �r�e�d�u�c�e�d� 

�m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �i�n� �t�h�e� �f�i�r�s�t� �l�a�c�t�a�t�i�o�n�,� �c�a�l�v�i�n�g� �d�i�f�f�i�c�u�l�t�i�e�s� 

�i�f� �c�a�l�v�e�s� �w�e�r�e� �b�o�r�n� �w�e�i�g�h�i�n�g� �a�b�o�v�e� �3�5� �k�g� �a�n�d� �a�n� �i�n�c�r�e�a�s�e�d� 

�n�u�m�b�e�r� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n�.� �A�l�l� �o�f� �t�h�e�s�e� 

�s�t�u�d�i�e�s� �r�e�p�o�r�t�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� �3�0�5� �d�a�y� �F�C�M� �p�r�o�d�u�c�t�i�o�n� �i�n� 

�f�i�r�s�t� �l�a�c�t�a�t�i�o�n� �a�s� �d�a�i�l�y� �g�a�i�n� �p�r�i�o�r� �t�o� �p�u�b�e�r�t�y� �i�n�c�r�e�a�s�e�d�.� 

�H�o�w�e�v�e�r�,� �J�o�h�n�s�s�o�n� �(�1�2�9�)� �p�o�i�n�t�s� �o�u�t� �t�h�a�t� �t�h�e� �d�e�t�r�i�m�e�n�t�a�l� 

�e�f�f�e�c�t�s� �o�f� �h�i�g�h� �p�l�a�n�e�s� �o�f� �n�u�t�r�i�t�i�o�n� �d�u�r�i�n�g� �r�e�a�r�i�n�g� �m�a�y� �b�e� 

�g�r�e�a�t�e�r� �i�n� �b�r�e�e�d�s� �w�i�t�h� �a� �l�o�w�e�r� �g�e�n�e�t�i�c� �p�o�t�e�n�t�i�a�l� �f�o�r� �m�i�l�k� 

�p�r�o�d�u�c�t�i�o�n�.� 

�R�o�y� �e�t� �a�l�.� �(�2�3�8�)� �r�e�p�o�r�t�e�d� �t�h�e� �g�r�o�w�t�h� �r�a�t�e�s� �r�e�q�u�i�r�e�d� �f�o�r� 

�s�e�v�e�r�a�l� �d�a�i�r�y� �b�r�e�e�d�s� �t�o� �a�t�t�a�i�n� �t�h�e� �p�r�e�-�c�a�l�v�i�n�g� �w�e�i�g�h�t�s�.� �I�n� 

�g�e�n�e�r�a�l�,� �f�o�r� �c�a�l�v�i�n�g� �a�t� �3�6�,� �3�0�,� �2�7�,� �2�4�,� �2�2� �a�n�d� �1�8� �m�o�,� �t�h�e� 

�o�v�e�r�a�l�l� �g�r�o�w�t�h� �r�a�t�e�s� �a�f�t�e�r� �b�i�r�t�h� �o�f� �4�6�7�,� �5�6�1�,� �6�5�0�,� �6�9�2�,� �7�6�5� 

�a�n�d� �9�3�5� �g�/�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�r�e� �r�e�q�u�i�r�e�d� �(�T�a�b�l�e� �4�)�.� �G�r�o�w�t�h� 

�r�a�t�e�s� �a�b�o�v�e� �8�0�0� �k�g�/�d�a�y� �b�e�t�w�e�e�n� �3� �a�n�d� �1�2� �m�o� �o�f� �a�g�e�,� �i�n�d�u�c�e�d� 

�b�y� �a�d� �l�i�b�i�t�u�m� �f�e�e�d�i�n�g� �o�f� �p�e�l�l�e�t�e�d� �d�i�e�t�s� �(�1�6�2�)� �o�r� �o�t�h�e�r� �h�i�g�h� 

�d�e�n�s�i�t�y� �e�n�e�r�g�y� �d�i�e�t�s� �(�2�5�2�)�,� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �t�o� �b�e� 

�d�e�t�r�i�m�e�n�t�a�l� �f�o�r� �h�e�i�f�e�r�s� �c�a�l�v�i�n�g� �a�t� �2�2� �m�o� �o�f� �a�g�e�.� �T�h�e� �t�o�t�a�l� 
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�T�a�b�l�e� �4�.� �R�e�q�u�i�r�e�d� �c�o�n�t�i�n�u�o�u�s� �g�r�o�w�t�h� �r�a�t�e�s� �(�A�D�G�-�g�/�d�)� �f�o�r� 
�h�e�i�f�e�r�s� �f�r�o�m� �l�a�r�g�e� �b�r�e�e�d�s� �a�f�t�e�r� �b�i�r�t�h� �t�o� �a�t�t�a�i�n� 
�t�a�r�g�e�t� �w�e�i�g�h�t�s� �a�t� �f�i�r�s�t� �s�e�r�v�i�c�e� �(�1�5� �m�o�)� �a�n�d� �f�i�r�s�t� 
�c�a�l�v�i�n�g� �a�t� �2�4� �m�o�n�t�h�s�.� 
� � 

�A�g�e� �a�t� �I�s�t� �c�a�l�v�i�n�g� �R�a�t�e� �o�f� �g�a�i�n� 

� � 

�T�a�r�g�e�t� �B�W�/�k�g� �m�o�n�t�h�s� �d�a�y�s� �g�/�d� 

�A�t� �b�i�r�t�h�=�4�5� �1�8� �5�4�0� �9�3�5� 
�F�i�r�s�t� �s�e�r�v�i�c�e�=�3�5�0�*� �2�1� �6�3�0� �8�0�1� 
�F�i�r�s�t� �c�a�l�v�i�n�g�=�5�5�0� �2�2� �6�6�0� �7�6�5� 
�A�t� �m�a�t�u�r�i�t�y�=�8�0�0� �2�4� �7�3�0� �6�9�2� 

�2�6� �7�8�0� �6�4�7� 
�2�8� �8�4�0� �6�0�1� 
�3�0� �9�0�0� �5�6�1� 
�3�4� �1�0�2�0� �4�9�5� 
�3�6� �1�0�8�0� �4�6�7� 

� � 

�l�R�a�t�e� �o�f� �g�a�i�n� �a�c�c�o�u�n�t�s� �f�o�r� �4�5� �k�g� �o�f� �c�a�l�f� �a�t� �b�i�r�t�h�.� 

�*�R�e�q�u�i�r�e�s� �a� �c�o�n�t�i�n�u�o�u�s� �r�a�t�e� �o�f� �g�a�i�n� �o�f� �6�7�8� �g�/�d�a�y�.� 

�A�d�a�p�t�e�d� �f�r�o�m�:� �R�o�y� �a�n�d� �S�m�i�t�h�,� �1�9�8�7� �(�2�3�9�)� 
�N�R�C�,� �1�9�8�9� �(�1�9�8�)� 
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�a�m�o�u�n�t� �o�f� �d�r�y� �m�a�t�t�e�r� �(�b�i�r�t�h� �t�o� �c�o�n�c�e�p�t�i�o�n�)� �r�e�q�u�i�r�e�d� �f�o�r� 

�c�a�l�v�i�n�g� �a�t� �1�8� �m�o� �w�a�s� �4�6�%� �l�e�s�s� �t�h�a�n� �t�h�a�t� �f�o�r� �c�a�l�v�i�n�g� �a�t� �2�4� 

�m�o�,� �b�u�t� �a�b�o�u�t� �1�2�%� �h�i�g�h�e�r� �r�e�q�u�i�r�e�m�e�n�t� �p�e�r� �d�a�y� �w�a�s� �n�e�c�e�s�s�a�r�y� 

�i�n� �t�h�e� �s�a�m�e� �p�e�r�i�o�d�,� �a�n�d� �a�l�s�o� �w�a�s� �m�o�r�e� �c�o�s�t�l�y� �(�2�4�0�)�.� 

�A�g�e� �a�n�d� �b�o�d�y� �w�e�i�g�h�t� �a�t� �f�i�r�s�t� �c�a�l�v�i�n�g� 

�W�i�t�h� �p�r�o�p�e�r� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �f�e�e�d�i�n�g� �l�e�v�e�l�s�,� �t�h�e�r�e� �i�s� 

�e�x�p�e�r�i�m�e�n�t�a�l� �e�v�i�d�e�n�c�e� �t�h�a�t� �h�e�i�f�e�r�s� �c�a�n� �c�a�l�v�e� �s�u�c�c�e�s�s�f�u�l�l�y� �a�t� 

�1�8� �t�o� �2�1� �m�o� �(�7�,�1�6�1�,�2�5�6�)�.� �T�h�e�r�e� �a�r�e� �r�e�a�r�i�n�g� �s�y�s�t�e�m�s� �w�h�e�r�e� 

�h�e�i�f�e�r�s� �c�a�l�v�e� �a�f�t�e�r� �3�6� �m�o� �o�f� �a�g�e�.� �K�l�i�e�w�e�r� �(�1�4�5�)� �a�n�d� �R�o�y� 

�(�2�3�9�)� �h�a�v�e� �r�e�p�o�r�t�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� �m�i�l�k� �y�i�e�l�d� �i�n� �t�h�e� �f�i�r�s�t� 

�l�a�c�t�a�t�i�o�n� �b�y� �a�b�o�u�t� �4�0� �k�g� �p�e�r� �m�o�n�t�h� �f�o�r� �e�v�e�r�y� �m�o�n�t�h� �t�h�a�t� 

�h�e�i�f�e�r�s� �c�a�l�v�e� �f�o�r� �t�h�e� �f�i�r�s�t� �t�i�m�e� �u�n�d�e�r� �3�6� �m�o� �o�f� �a�g�e�.� 

�C�u�r�r�e�n�t�l�y�,� �t�h�e� �a�c�c�e�p�t�e�d� �g�o�a�l� �i�s� �t�o� �r�e�a�r� �h�e�i�f�e�r�s� �t�o� �c�a�l�v�e� �a�t� 

�2�4� �m�o� �o�f� �a�g�e� �w�i�t�h� �B�W� �a�b�o�v�e� �5�0�0� �k�g� �a�n�d� �1�3�7� �c�m� �W�H� 

�(�1�1�2�,�2�8�7�,�2�9�7�)�.� �P�u�b�e�r�t�y� �a�n�d� �a�g�e� �a�t� �f�i�r�s�t� �c�a�l�v�i�n�g� �a�r�e� 

�d�i�c�t�a�t�e�d� �b�y� �t�h�e� �r�a�t�e� �o�f� �g�r�o�w�t�h� �s�i�n�c�e� �p�u�b�e�r�t�y� �i�s� �r�e�l�a�t�e�d� �t�o� 

�B�W� �(�2�3�3�)�.� �N�u�t�r�i�t�i�o�n� �i�s� �a� �m�a�j�o�r� �f�a�c�t�o�r� �w�h�i�c�h� �c�a�n� �a�f�f�e�c�t� 

�g�r�o�w�t�h� �r�a�t�e� �f�r�o�m� �b�i�r�t�h� �t�o� �p�u�b�e�r�t�y�.� �(�6�,�7�,�8�9�,�2�3�9�)�.� 

�M�a�t�u�r�e� �b�o�d�y� �w�e�i�g�h�t� �i�n� �a� �d�a�i�r�y� �c�o�w� �i�s� �a�t�t�a�i�n�e�d� �b�y� �a�b�o�u�t� 

�t�h�e� �4�t�h� �l�a�c�t�a�t�i�o�n� �a�n�d� �w�e�i�g�h�t� �a�t� �f�i�r�s�t� �c�a�l�v�i�n�g� �s�h�o�u�l�d� �b�e� �7�5� 

�o�r� �8�0� �%� �o�f� �t�h�a�t� �m�a�t�u�r�e� �w�e�i�g�h�t� �(�2�3�8�)�.� �H�o�w�e�v�e�r�,� �i�f� �t�h�i�s� 

�w�e�i�g�h�t� �i�s� �n�o�t� �a�c�h�i�e�v�e�d� �b�y� �t�h�e� �f�i�r�s�t� �p�a�r�t�u�r�i�t�i�o�n� �(�l�o�w� �g�r�o�w�t�h� 
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�r�a�t�e�s�)�,� �l�i�v�e� �w�e�i�g�h�t� �g�a�i�n�s� �d�u�r�i�n�g� �f�i�r�s�t� �l�a�c�t�a�t�i�o�n� �m�a�y� �b�e� 

�e�n�h�a�n�c�e�d� �i�f� �h�e�i�f�e�r�s� �a�r�e� �p�r�o�p�e�r�l�y� �f�e�d�.� �I�n� �t�h�i�s� �c�a�s�e�,� �m�i�l�k� 

�y�i�e�l�d� �i�s� �r�e�d�u�c�e�d� �o�n�l�y� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �l�a�c�t�a�t�i�o�n� �(�7�8�,�2�3�8�)�.� 

�A� �q�u�i�c�k�e�r� �r�e�t�u�r�n� �o�n� �c�a�p�i�t�a�l�,� �r�e�d�u�c�t�i�o�n� �i�n� �m�a�i�n�t�e�n�a�n�c�e� 

�c�o�s�t�s�,� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �h�e�i�f�e�r�s� �r�e�q�u�i�r�e�d� �f�o�r� 

�r�e�a�r�i�n�g� �a�s� �h�e�r�d� �r�e�p�l�a�c�e�m�e�n�t�s�,� �q�u�i�c�k�e�r� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� 

�g�e�n�e�t�i�c� �v�a�l�u�e� �o�f� �a� �h�e�i�f�e�r�,� �a�n�d� �l�o�n�g�e�r� �h�e�r�d� �l�i�f�e� �a�r�e� 

�a�d�v�a�n�t�a�g�e�s� �o�f� �r�e�d�u�c�i�n�g� �t�h�e� �a�g�e� �o�f� �f�i�r�s�t� �c�a�l�v�i�n�g� �(�4�3�,�1�2�9�,� 

�2�3�8�)�.� �P�o�s�s�i�b�l�e� �d�i�s�a�d�v�a�n�t�a�g�e�s� �a�r�e� �t�h�e� �h�i�g�h�e�r� �a�m�o�u�n�t�s� �o�f� 

�c�o�n�c�e�n�t�r�a�t�e�s�,� �g�r�e�a�t�e�r� �m�a�n�a�g�e�m�e�n�t� �s�k�i�l�l�s�,� �t�h�e� �r�i�s�k� �o�f� 

�d�y�s�t�o�c�i�a�,� �a�n�d� �a�n� �i�n�c�r�e�a�s�e�d� �c�h�a�n�c�e� �t�h�a�t� �a� �d�i�e�t� �l�e�a�d�i�n�g� �t�o� �f�a�t� 

�d�e�p�o�s�i�t�i�o�n� �m�a�y� �n�e�g�a�t�i�v�e�l�y� �e�f�f�e�c�t� �f�u�t�u�r�e� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n�.� 

�L�i�t�t�l�e� �a�n�d� �K�a�y� �(�1�6�1�)� �h�a�v�e� �s�h�o�w�n� �s�o�m�e� �p�r�o�b�l�e�m�s� �o�n� �h�e�i�f�e�r�s �� 

�s�u�b�s�e�q�u�e�n�t� �p�e�r�f�o�r�m�a�n�c�e� �w�h�e�n� �a� �"�B�a�r�l�e�y� �b�e�e�f�"� �t�y�p�e� �d�i�e�t� �w�a�s� 

�u�s�e�d�.� �T�h�i�s� �t�y�p�e� �o�f� �d�i�e�t� �u�s�e�s� �h�i�g�h� �a�m�o�u�n�t�s� �o�f� �g�r�a�i�n�,� �s�o� �t�h�e� 

�e�f�f�e�c�t�s� �a�r�e� �p�o�s�s�i�b�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �c�h�a�n�g�e�s� �i�n� �r�u�m�e�n� 

�f�e�r�m�e�n�t�a�t�i�o�n� �p�a�t�t�e�r�n�s�,� �m�e�t�a�b�o�l�i�c� �h�o�r�m�o�n�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� �a�n�d� 

�f�a�t� �d�e�p�o�s�i�t�i�o�n�.� 

�C�o�n�c�e�p�t�i�o�n� �r�a�t�e�s� �a�l�s�o� �m�a�y� �b�e� �r�e�d�u�c�e�d� �w�i�t�h� �a�g�e� �o�f� 

�b�r�e�e�d�i�n�g� �(�1�3�9�)�.� �L�o�w�e�r� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� 

�b�y� �L�e�a�v�e�r� �(�1�5�4�)�,� �f�o�r� �a�n�i�m�a�l�s� �b�r�e�d� �a�t� �2�1� �t�o� �2�7� �m�o� �c�o�m�p�a�r�e�d� �t�o� 

�t�h�o�s�e� �b�r�e�d� �a�t� �1�2� �t�o� �1�6� �m�o� �o�l�d�.� �T�h�e� �n�u�m�b�e�r� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n�s� 

�p�e�r� �c�o�n�c�e�p�t�i�o�n� �w�a�s� �r�e�d�u�c�e�d� �f�r�o�m� �3�.�0� �t�o� �2�.�5�0�,� �a�n�d� �1�.�8�7�,� 

�2�9



�r�e�s�p�e�c�t�i�v�e�l�y�,� �w�h�e�n� �I�s�r�a�e�l�i�-�F�r�i�e�s�i�e�n� �h�e�i�f�e�r�s� �w�e�r�e� �i�n�s�e�m�i�n�a�t�e�d� 

�a�t� �f�i�r�s�t� �e�s�t�r�u�s� �a�t� �5�.�6� �m�o� �(�2�2�6� �k�g�)�,� �o�r� �w�h�e�n� �e�s�t�r�u�s� �o�c�c�u�r�r�e�d� 

�e�i�t�h�e�r� �a�t� �7�.�6� �m�o� �(�2�2�7� �k�g�)� �o�r� �1�1�.�1� �m�o� �(�2�6�0� �k�g�)� �e�s�t�r�u�s�.� 

�H�e�i�f�e�r�s� �b�r�e�d� �a�t� �y�o�u�n�g�e�r� �a�g�e�s� �h�a�d� �c�a�l�v�e�s� �a�s� �l�a�r�g�e� �a�s� �t�h�o�s�e� 

�b�r�e�d� �o�l�d�e�r� �b�u�t� �h�a�d� �m�o�r�e� �c�a�l�v�i�n�g� �d�i�f�f�i�c�u�l�t�i�e�s� �(�2�4�8�)�.� 

�E�s�s�e�n�t�i�a�l� �N�u�t�r�i�e�n�t�s� �a�n�d� �N�u�t�r�i�t�i�o�n� 

�F�i�v�e� �m�a�j�o�r� �g�r�o�u�p�s� �o�f� �c�h�e�m�i�c�a�l� �s�u�b�s�t�a�n�c�e�s� �a�r�e� �c�r�i�t�i�c�a�l� 

�n�u�t�r�i�e�n�t�s� �f�o�r� �a�l�l� �b�o�d�y� �p�r�o�c�e�s�s�e�s�.� �B�o�d�y� �t�i�s�s�u�e�s� �a�r�e� 

�c�o�m�p�r�i�s�e�d� �o�f� �w�a�t�e�r�,� �p�r�o�t�e�i�n�s�,� �f�a�t�s�,� �c�a�r�b�o�h�y�d�r�a�t�e�s� �a�n�d� 

�m�i�n�e�r�a�l�s� �a�n�d� �v�i�t�a�m�i�n�s�.� �T�h�e�s�e� �n�u�t�r�i�e�n�t�s� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �a�l�l� 

�m�e�t�a�b�o�l�i�c� �p�r�o�c�e�s�s�e�s�:� �c�a�t�a�b�o�l�i�s�m� �a�n�d� �a�n�a�b�o�l�i�s�m� �i�n� �t�h�e� 

�a�n�i�m�a�l ��s�'� �b�o�d�y�.� �S�i�m�i�l�a�r� �i�n� �c�o�m�p�o�s�i�t�i�o�n�,� �a�l�t�h�o�u�g�h� �i�n� 

�d�i�f�f�e�r�e�n�t� �p�r�o�p�o�r�t�i�o�n�s�,� �t�h�e� �f�e�e�d�s�t�u�f�f�s� �s�u�p�p�l�y� �t�h�e� �a�n�i�m�a�l ��s� 

�n�u�t�r�i�e�n�t� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �m�a�i�n�t�e�n�a�n�c�e�,� �g�r�o�w�t�h�,� �r�e�p�r�o�d�u�c�t�i�o�n� 

�a�n�d� �p�r�o�d�u�c�t�i�o�n�.� �T�h�e�r�e�f�o�r�e� �a� �g�o�o�d� �h�e�a�l�t�h�y� �p�r�o�g�r�a�m� �f�o�r� �d�a�i�r�y� 

�r�e�p�l�a�c�e�m�e�n�t�s� �r�e�q�u�i�r�e�s� �e�n�e�r�g�y�,� �p�r�o�t�e�i�n�,� �v�i�t�a�m�i�n�s� �a�n�d� 

�m�i�n�e�r�a�l�s�.� �T�h�e� �r�a�t�i�o�n�s� �u�s�e�d� �s�h�o�u�l�d� �b�e� �c�o�r�r�e�c�t�l�y� �b�a�l�a�n�c�e�d� �f�o�r� 

�t�h�e�s�e� �n�u�t�r�i�e�n�t�s� �a�n�d� �t�h�e� �d�i�e�t� �n�e�e�d�s� �t�o� �s�t�i�m�u�l�a�t�e� �e�a�r�l�y� �r�u�m�e�n� 

�d�e�v�e�l�o�p�m�e�n�t� �(�1�3�3�)�.� 
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�E�n�e�r�g�y� �n�u�t�r�i�t�i�o�n�:� �d�i�g�e�s�t�i�o�n� �a�n�d� �u�t�i�l�i�z�a�t�i�o�n� 

�F�e�r�m�e�n�t�a�t�i�o�n� �i�n� �t�h�e� �r�u�m�e�n� �p�r�o�d�u�c�e�s� �v�o�l�a�t�i�l�e� �f�a�t�t�y� �a�c�i�d�s� 

�(�V�F�A�)� �p�r�i�m�a�r�i�l�y� �a�c�e�t�i�c�,� �p�r�o�p�i�o�n�i�c� �a�n�d� �b�u�t�y�r�i�c� �a�c�i�d�s� �w�h�i�c�h� 

�c�o�m�p�r�i�s�e� �a� �m�a�j�o�r� �s�o�u�r�c�e� �o�f� �n�u�t�r�i�e�n�t�s� �s�u�p�p�l�i�e�d� �t�o� �r�u�m�i�n�a�n�t� 

�t�i�s�s�u�e�s�.� �T�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �t�h�e� �V�F�A� �p�r�o�d�u�c�e�d� �i�n� �t�h�e� �r�u�m�e�n� �i�s� 

�d�i�e�t� �d�e�p�e�n�d�e�n�t�.� �T�h�e� �r�a�t�i�o� �o�f� �a�c�e�t�a�t�e� �t�o� �p�r�o�p�i�o�n�a�t�e� �t�e�n�d�s� �t�o� 

�i�n�c�r�e�a�s�e� �a�s� �d�i�e�t�a�r�y� �f�i�b�e�r� �c�o�n�t�e�n�t� �i�n�c�r�e�a�s�e�s� �a�n�d� �v�i�c�e�-�v�e�r�s�a�.� 

�A� �n�e�g�a�t�i�v�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �a�c�e�t�a�t�e� �p�r�o�p�o�r�t�i�o�n� �i�n� �r�u�m�e�n� 

�l�i�q�u�o�r� �a�n�d� �e�f�f�i�c�i�e�n�c�y� �o�f� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �m�e�t�a�b�o�l�i�z�a�b�l�e� 

�e�n�e�r�g�y� �f�o�r� �f�a�t�t�e�n�i�n�g� �(�2�0�4�)�,� �h�a�s� �b�e�e�n� �e�s�t�a�b�l�i�s�h�e�d� �a�n�d� �T�a�b�l�e� 

�5� �s�h�o�w�s� �t�h�e� �m�o�l�a�r� �p�r�o�p�o�r�t�i�o�n�s� �o�f� �V�F�A�s� �i�n� �r�u�m�e�n� �l�i�q�u�o�r� �o�f� 

�l�a�m�b�s�.� 

�T�h�e� �p�r�o�p�o�r�t�i�o�n�s� �o�f� �f�a�t�,� �p�r�o�t�e�i�n�,� �a�n�d� �w�a�t�e�r� �d�e�p�o�s�i�t�e�d� 

�i�n� �t�i�s�s�u�e�s� �i�s� �a� �r�e�f�l�e�c�t�i�o�n� �o�f� �t�h�e� �e�n�e�r�g�y� �r�e�q�u�i�r�e�d� �f�o�r� 

�g�r�o�w�t�h�.� �T�h�e� �c�h�a�n�g�e�s� �i�n� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �c�a�t�t�l�e� �a�t� 

�d�i�f�f�e�r�e�n�t� �b�o�d�y� �w�e�i�g�h�t�s� �c�a�n� �b�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �i�n�c�r�e�a�s�e�d� 

�e�n�e�r�g�y� �r�e�q�u�i�r�e�m�e�n�t�.� �D�a�t�a� �i�n� �T�a�b�l�e� �6� �a�r�e� �f�o�r� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� 

�o�f� �H�o�l�s�t�e�i�n� �s�t�e�e�r�s� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �H�a�m�m�o�n�d� �e�t� 

�a�l�.� �(�1�0�5�)�.� �A�s� �B�W� �i�n�c�r�e�a�s�e�s�,� �c�r�u�d�e� �p�r�o�t�e�i�n� �a�n�d� �a�s�h� 

�c�o�n�t�e�n�t�s� �a�r�e� �r�e�l�a�t�i�v�e�l�y� �s�t�a�t�i�c� �w�h�i�l�e� �f�a�t� �c�o�n�t�e�n�t� �i�n�c�r�e�a�s�e�s� 

�a�s� �t�h�a�t� �o�f� �w�a�t�e�r� �d�i�m�i�n�i�s�h�e�s� �a�n�d� �e�n�e�r�g�y� �c�o�n�t�e�n�t� �i�n�c�r�e�a�s�e�s�.� 

�3�1



�T�a�b�l�e� �5�.� �M�o�l�a�r� �p�r�o�p�o�r�t�i�o�n�s� �o�f� �v�o�l�a�t�i�l�e� �f�a�t�t�y� �a�c�i�d�s� �(�%�)� �i�n� �l�a�m�b�s� 
�s�u�s�t�a�i�n�e�d� �b�y� �i�n�t�r�a�g�a�s�t�r�i�c� �i�n�f�u�s�i�o�n� �a�n�d� �t�h�e� �e�f�f�i�c�i�e�n�c�y� 
�o�f� �e�n�e�r�g�y� �u�t�i�l�i�z�a�t�i�o�n� �f�o�r� �g�r�o�w�t�h�.� 
� � 

�M�o�l�a�r� �p�r�o�p�o�r�t�i�o�n� 
�A�c�e�t�i�c� �a�c�i�d� �3�5� �4�5� �5�5� �6�5� �7�5� �8�5� 
�P�r�o�p�i�o�n�i�c� �a�c�i�d� �5�5� �4�5� �3�5� �2�5� �1�5� �5� 
�B�u�t�y�r�i�c� �a�c�i�d� �1�0� �1�0� �1�0� �1�0� �1�0� �1�0� 
�k�e� �*� �.�7�8� �.�6�4� �5�7� �-�6�1� �-�6�1� �5�9� 
� � 

�L�a�m�b�s� �s�u�s�t�a�i�n�e�d� �b�y� �i�n�t�r�a�g�a�s�t�r�i�c� �i�n�f�u�s�i�o�n� �o�f� �V�F�A ��s�.� �O�r�s�k�o�v� �e�t� 
�a�l�.� �(�2�0�4�)�.� 

�*�E�f�f�i�c�i�e�n�c�y� �o�f� �e�n�e�r�g�y� �u�t�i�l�i�z�a�t�i�o�n�.� 

�3�2



�T�a�b�l�e� �6�.� �T�h�e� �p�r�o�p�o�r�t�i�o�n� �(�g�/�k�g�)� �o�f� �w�a�t�e�r�,� �f�a�t�,� �c�r�u�d�e� �p�r�o�t�e�i�n�,� 
�a�n�d� �a�s�h� �a�n�d� �t�h�e� �g�r�o�s�s� �e�n�e�r�g�y� �c�o�n�t�e�n�t� �(�M�c�a�l�/�k�g�)� �i�n� �t�h�e� 
�e�m�p�t�y� �b�o�d�y� �o�f� �H�o�l�s�t�e�i�n� �s�t�e�e�r�s� �a�t� �d�i�f�f�e�r�e�n�t� �w�e�i�g�h�t�s�.� 
� � 

�L�i�v�e� �w�e�i�g�h�t� �(�k�g�)� �1�4�3� �3�0�0� �4�0�4� 
�E�m�p�t�y� �b�o�d�y� �w�e�i�g�h�t� �(�k�g�)� �1�0�1�.�2� �2�4�4� �3�4�9�.�1� 
�B�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �(�g�/�k�g�)� 

�W�a�t�e�r� �7�2�9� �6�5�5� �6�3�2� 
�F�a�t� �5�3� �1�0�6� �1�3�2� 
�P�r�o�t�e�i�n� �1�6�6� �1�8�6� �1�8�9� 
�A�s�h� �4�6� �5�1� �5�2� 

�G�r�o�s�s� �e�n�e�r�g�y� �(�M�c�a�l�/�k�g�)� �1�.�4�1� �2�.�0� �2�.�3� 
� � 

�C�a�l�c�u�l�a�t�e�d� �d�a�t�a� �f�r�o�m� �H�a�m�m�o�n�d� �e�t� �a�l�.�,� �(�1�0�5�)�.� 

�E�n�e�r�g�y� �d�e�n�s�i�t�y�:� �F�a�t� �=� �9�.�4� �M�c�a�l�/�k�g� 
�P�r�o�t�e�i�n� �=� �5�.�5� �M�c�a�l�/�k�g� �N�R�C� �(�1�9�8�)� 
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�H�e�i�f�e�r�s� �f�e�d� �f�r�o�m� �b�i�r�t�h� �t�o� �f�i�r�s�t� �c�a�l�v�i�n�g� �a�t� �6�2�,� �1�0�0�,� 

�a�n�d� �1�4�6�%� �o�f� �r�e�q�u�i�r�e�d� �t�o�t�a�l� �d�i�g�e�s�t�i�b�l�e� �n�u�t�r�i�e�n�t�s� �(�T�D�N�)� 

�s�h�o�w�e�d� �f�i�r�s�t� �h�e�a�t� �a�t� �a�b�o�u�t� �2�7�3� �k�g� �o�f� �B�W� �b�u�t� �a�t� �d�i�f�f�e�r�e�n�t� 

�a�g�e�s� �s�u�c�h� �a�s� �2�0�,� �1�1�,� �a�n�d� �9� �m�o� �f�o�r� �6�2�,� �1�0�0�,� �a�n�d� �1�4�6�%� �o�f� �T�D�N� 

�r�e�q�u�i�r�e�m�e�n�t�,� �r�e�s�p�e�c�t�i�v�e�l�y� �.� �T�D�N� �r�e�q�u�i�r�e�m�e�n�t�s� �a�b�o�v�e� �t�h�a�t� 

�r�e�c�o�m�m�e�n�d�e�d� �w�i�l�l� �a�l�l�o�w� �h�e�i�f�e�r�s� �t�o� �b�e� �b�r�e�d� �a�t� �e�a�r�l�i�e�r� �a�g�e�s� 

�a�n�d� �t�o� �b�e� �h�e�a�v�i�e�r� �a�t� �f�i�r�s�t� �c�a�l�v�i�n�g�,� �b�u�t� �t�h�e�y� �w�i�l�l� �b�e� �m�o�r�e� 

�s�u�s�c�e�p�t�i�b�l�e� �t�o� �c�a�l�v�i�n�g� �d�i�f�f�i�c�u�l�t�i�e�s� �(�2�4�8�)�,� �l�o�w�e�r� �c�o�n�c�e�p�t�i�o�n� 

�r�a�t�e�s� �(�1�5�4�)�,� �m�o�r�e� �i�n�s�e�m�i�n�a�t�i�o�n�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �(�6�)�,� �a�n�d� 

�f�u�t�u�r�e� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �m�a�y� �(�2�5�2�)� �o�r� �m�a�y� �n�o�t� �(�1�2�9�)� �b�e� 

�a�f�f�e�c�t�e�d�.� 

�P�r�o�t�e�i�n� �n�u�t�r�i�t�i�o�n�:� �l�e�v�e�l�s� �a�n�d� �q�u�a�l�i�t�y� 

�E�a�r�l�y� �s�t�u�d�i�e�s� �w�i�t�h� �c�a�l�v�e�s� �f�e�d� �c�o�n�c�e�n�t�r�a�t�e� �r�a�t�i�o�n�s� 

�r�e�v�e�a�l�e�d� �s�i�g�n�i�f�i�c�a�n�t� �r�e�s�p�o�n�s�e�s� �t�o� �d�i�e�t�a�r�y� �c�r�u�d�e� �p�r�o�t�e�i�n� 

�c�o�n�t�e�n�t�.� �W�a�l�l�a�c�e� �e�t� �a�l�.�,� �(�3�0�0�)�,� �f�e�d� �y�e�a�r�l�i�n�g�s� �r�a�t�i�o�n�s� 

�c�o�n�t�a�i�n�i�n�g� �5�.�5�,� �6�.�0�,� �9�.�0� �a�n�d� �1�2�.�0� �%� �c�r�u�d�e� �p�r�o�t�e�i�n�.� �A�v�e�r�a�g�e� 

�d�a�i�l�y� �g�a�i�n�s� �w�e�r�e� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �e�a�c�h� �a�d�d�i�t�i�o�n�a�l� �l�e�v�e�l� �o�f� 

�p�r�o�t�e�i�n�.� �R�e�s�e�a�r�c�h� �o�n� �p�r�o�t�e�i�n� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �c�a�l�v�e�s� �a�n�d� 

�h�e�i�f�e�r�s� �h�a�s� �s�h�o�w�n� �a�n� �i�n�f�l�u�e�n�c�e� �o�n� �r�a�t�e� �o�f� �g�a�i�n�,� �b�o�d�y� �s�i�z�e�,� 

�b�o�d�y� �t�i�s�s�u�e� �a�c�c�r�e�t�i�o�n�,� �a�g�e�,� �d�i�e�t�,� �a�n�d� �o�t�h�e�r� �f�a�c�t�o�r�s� �(�9�7�,�1�2�1�,� 

�1�2�3�,�1�2�4�,�2�4�0�,�2�7�1�,�2�7�2�,�2�7�8�,�2�7�9�,�2�8�2�,�3�2�2�)�.� �P�r�o�t�e�i�n� �i�s� �a� �l�i�m�i�t�i�n�g� 

�f�a�c�t�o�r� �o�f� �g�r�o�w�t�h� �i�f� �t�h�e� �c�o�n�c�e�n�t�r�a�t�e� �o�f�f�e�r�e�d� �t�o� �y�o�u�n�g� �h�e�i�f�e�r� 

�c�a�l�v�e�s� �c�o�n�t�a�i�n�s� �b�e�l�o�w� �2�2�%� �C�P�.� �P�r�o�t�e�i�n� �r�e�q�u�i�r�e�m�e�n�t�s� �f�a�l�l� �t�o� 
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�9�%� �C�P� �a�s� �B�W� �i�n�c�r�e�a�s�e�s� �t�o� �7�0�0� �k�g� �o�f� �B�W� �f�o�r� �h�e�i�f�e�r�s� �g�a�i�n�i�n�g� 

�7�0�0� �g�/�d�a�y�.� �R�e�s�e�a�r�c�h�e�r�s� �a�t� �M�i�c�h�i�g�a�n� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �h�a�v�e� 

�r�e�p�o�r�t�e�d� �t�h�a�t� �d�i�e�t�a�r�y� �p�r�o�t�e�i�n� �l�e�v�e�l�s� �c�a�n� �a�f�f�e�c�t� �w�e�i�g�h�t� �g�a�i�n�,� 

�e�f�f�i�c�i�e�n�c�y� �o�f� �g�a�i�n� �a�n�d� �r�a�t�e� �o�f� �g�a�i�n� �i�n� �S�i�m�m�e�n�t�a�l� �c�r�o�s�s�b�r�e�d� 

�b�u�l�l�s� �(�1�9�3�)�.� �T�h�e�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e�s�e� �d�a�t�a� �s�u�p�p�o�r�t� �t�h�e� 

�N�R�C ��s� �r�e�c�o�m�m�e�n�d�e�d� �l�e�v�e�l�s� �f�o�r� �f�e�e�d�i�n�g� �p�r�o�t�e�i�n� �t�o� �b�e�e�f� �c�a�t�t�l�e�.� 

�P�r�o�t�e�i�n� �u�t�i�l�i�z�a�t�i�o�n� �b�y� �c�a�l�v�e�s� �b�e�t�w�e�e�n� �2� �a�n�d� �1�0� �m�o� �o�f� �a�g�e� 

�w�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �(�1�4�)�.� �R�a�t�i�o�n�s� �w�e�r�e� �f�o�r�m�u�l�a�t�e�d� �t�o� �s�u�p�p�o�r�t� 

�g�a�i�n�s� �o�f� �a�b�o�u�t� �8�0�0� �g�/�d�.� �B�o�d�y� �w�e�i�g�h�t� �g�a�i�n� �a�n�d� �W�H� �w�e�r�e� 

�m�e�a�s�u�r�e�d�.� �P�r�o�t�e�i�n� �i�n�t�a�k�e� �l�e�v�e�l�s� �(�8�0�,� �1�0�0� �a�n�d� �1�2�0�%� �o�f� �1�9�7�8� 

�N�R�C� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s�)� �f�e�d� �b�e�t�w�e�e�n� �d� �7�1� �a�n�d� �1�8�2� �s�h�o�w�e�d� �a� 

�q�u�a�d�r�a�t�i�c� �g�r�o�w�t�h� �r�e�s�p�o�n�s�e�.� �H�i�g�h�e�s�t� �B�W� �a�n�d� �W�H� �w�e�r�e� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �m�e�d�i�u�m� �p�r�o�t�e�i�n� �r�a�t�i�o�n�.� �D�u�r�i�n�g� �1�8�3� �t�o� �2�9�5� �d� 

�t�h�e� �h�i�g�h�e�s�t� �B�W� �g�a�i�n� �f�o�r� �c�a�l�v�e�s� �w�a�s� �o�n� �t�h�e� �h�i�g�h� �p�r�o�t�e�i�n� 

�t�r�e�a�t�m�e�n�t�.� �N�o� �t�r�e�a�t�m�e�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �n�o�t�i�c�e�d� �f�o�r� �W�H� 

�b�e�t�w�e�e�n� �t�h�e� �t�h�r�e�e� �p�r�o�t�e�i�n� �l�e�v�e�l�s�.� �A�n� �i�n�c�r�e�a�s�e�d� 

�d�i�g�e�s�t�i�b�i�l�i�t�y� �o�f� �e�n�e�r�g�y�,� �O�M�,� �a�n�d� �D�M� �a�l�s�o� �w�a�s� �r�e�p�o�r�t�e�d�.� �M�o�r�e� 

�r�e�c�e�n�t�l�y�,� �r�e�v�i�e�w�s� �(�1�,�8�3�,�1�9�7�,�1�9�8�,�2�9�8�)� �d�e�s�c�r�i�b�i�n�g� �r�u�m�e�n� 

�p�r�o�t�e�i�n� �u�t�i�l�i�z�a�t�i�o�n� �b�y� �r�u�m�i�n�a�n�t� �a�n�i�m�a�l�s� �(�b�a�s�i�s� �a�n�d� �c�o�n�c�e�p�t�)� 

�h�a�v�e� �i�n�d�i�c�a�t�e�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �d�i�e�t�a�r�y� �p�r�o�t�e�i�n� �q�u�a�l�i�t�y� 

�(�s�o�l�u�b�i�l�i�t�y� �a�n�d� �d�e�g�r�a�d�a�b�i�l�i�t�y�)� �f�o�r� �d�a�i�r�y� �c�a�t�t�l�e� �a�n�d� �o�t�h�e�r� 

�r�u�m�i�n�a�n�t�s�.� 
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�C�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� �a�m�i�n�o� �a�c�i�d� �n�e�e�d�s� �a�r�e� �b�e�c�o�m�i�n�g� �m�o�r�e� 

�i�m�p�o�r�t�a�n�t�.� �R�u�m�e�n� �m�i�c�r�o�b�i�a�l� �p�r�o�t�e�i�n� �s�y�n�t�h�e�s�i�s� �w�a�s� �l�a�c�k�i�n�g� �i�n� 

�f�o�u�r� �e�s�s�e�n�t�i�a�l� �a�m�i�n�o� �a�c�i�d�s�;� �m�e�t�h�i�o�n�i�n�e�,� �l�y�s�i�n�e�,� �a�r�g�i�n�i�n�e� �a�n�d� 

�h�i�s�t�i�d�i�n�e� �f�o�r� �s�u�s�t�a�i�n�i�n�g� �h�i�g�h� �r�a�t�e�s� �o�f� �g�a�i�n� �i�n� �i�n�t�e�n�s�i�v�e�l�y� 

�r�e�a�r�e�d� �l�a�m�b�s� �(�2�7�3�)�.� �S�o�u�r�c�e�s� �o�f� �b�y�p�a�s�s� �p�r�o�t�e�i�n� �c�o�u�l�d� 

�p�o�t�e�n�t�i�a�l�l�y� �o�v�e�r�c�o�m�e� �l�i�m�i�t�e�d� �a�m�i�n�o� �a�c�i�d�s�.� 

�R�o�a�s�t�e�d� �s�o�y�b�e�a�n�s�,� �w�h�e�n� �r�e�p�l�a�c�i�n�g� �r�a�w� �s�o�y�b�e�a�n�s� �i�n� �d�i�e�t�s� 

�o�f� �H�o�l�s�t�e�i�n� �c�a�l�v�e�s� �i�m�p�r�o�v�e�d� �n�i�t�r�o�g�e�n� �d�i�g�e�s�t�i�b�i�l�i�t�y� �a�n�d� 

�n�i�t�r�o�g�e�n� �r�e�t�e�n�t�i�o�n� �(�2�2�3�)�.� �C�u�m�m�i�n�s� �e�t� �a�l�.� �(�6�0�)� �a�l�s�o� �r�e�p�o�r�t�s� 

�m�o�r�e� �e�f�f�i�c�i�e�n�t� �n�i�t�r�o�g�e�n� �u�t�i�l�i�z�a�t�i�o�n� �b�y� �H�o�l�s�t�e�i�n� �c�a�l�v�e�s� 

�b�e�t�w�e�e�n� �8� �a�n�d� �2�0� �w�k� �o�f� �a�g�e� �w�h�e�n� �a� �l�o�w�e�r� �l�e�v�e�l� �o�f� 

�d�i�e�t�a�r�y� �r�u�m�e�n� �d�e�g�r�a�d�a�b�l�e� �n�i�t�r�o�g�e�n� �w�a�s� �f�e�d�.� �T�h�e� �a�u�t�h�o�r�s� �a�l�s�o� 

�r�e�p�o�r�t�e�d� �d�i�f�f�e�r�e�n�c�e�s� �f�o�u�n�d� �i�n� �D�M� �i�n�t�a�k�e� �o�r� �w�e�i�g�h�t� �g�a�i�n� �a�m�o�n�g� 

�t�h�e� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �r�u�m�e�n� �d�e�g�r�a�d�a�b�l�e� �n�i�t�r�o�g�e�n�.� 

�A�v�e�r�a�g�e� �d�a�i�l�y� �g�a�i�n�s� �a�n�d� �f�e�e�d�i�n�g� �e�f�f�i�c�i�e�n�c�y� �w�e�r�e� �i�m�p�r�o�v�e�d� 

�w�h�e�n� �f�i�s�h� �m�e�a�l� �w�a�s� �s�u�b�s�t�i�t�u�t�e�d� �i�n�t�o� �r�a�t�i�o�n�s� �f�o�r� �g�r�o�w�i�n�g� 

�s�t�e�e�r�s� �(�2�8�4�)�.� �A�l�s�o�,� �a�d�d�i�t�i�o�n� �o�f� �f�i�s�h� �m�e�a�l� �t�o� �t�h�e� �r�a�t�i�o�n� �o�f� 

�m�a�l�e� �H�o�l�s�t�e�i�n� �c�a�l�v�e�s� �r�e�s�u�l�t�e�d� �i�n� �e�l�e�v�a�t�e�d� �r�u�m�e�n� �m�i�c�r�o�b�i�a�l� 

�p�r�o�t�e�i�n� �s�y�n�t�h�e�s�i�s� �a�n�d� �i�n�c�r�e�a�s�e�d� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� �a�m�i�n�o� �a�c�i�d�s� 

�e�n�t�e�r�i�n�g� �t�h�e� �d�u�o�d�e�n�u�m� �(�5�4�)�.� 

�F�a�s�t� �g�r�o�w�i�n�g� �g�r�o�w�t�h� �i�m�p�l�a�n�t�e�d� �s�t�e�e�r�s� �h�a�d� �i�m�p�r�o�v�e�d� �d�a�i�l�y� 

�l�i�v�e� �w�e�i�g�h�t� �g�a�i�n�s� �o�f� �o�v�e�r� �1�0�0� �g�/�d� �w�h�e�n� �d�i�e�t�a�r�y� �u�n�d�e�g�r�a�d�a�b�l�e� 
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�p�r�o�t�e�i�n� �w�a�s� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �2�0� �t�o� �4�0� �g�/�k�g� �D�M� �b�y� �i�n�c�o�r�p�o�r�a�t�i�o�n� 

�o�f� �p�r�o�t�e�c�t�e�d� �s�o�y�b�e�a�n� �m�e�a�l� �(�1�9�9�)�.� 

�R�e�s�e�a�r�c�h�e�r�s� �a�t� �t�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �M�i�s�s�o�u�r�i� �(�1�9�2�)� �f�e�d� 

�H�o�l�s�t�e�i�n� �s�t�e�e�r�s� �(�3�1�8� �k�g�)� �3�.�5� �k�g� �(�D�M� �b�a�s�i�s�)� �o�f� �c�o�r�n� �g�l�u�t�e�n� 

�p�l�u�s� �a�m�m�o�n�i�a�t�e�d� �w�h�e�a�t� �s�t�r�a�w� �a�n�d� �2�.�0� �k�g� �D�M� �a�l�f�a�l�f�a� �h�a�y�.� �T�h�e�y� 

�r�e�p�o�r�t�e�d� �a�n� �A�D�G� �o�f� �1�2�7�0� �g�/�h�e�a�d�.� �U�s�e� �o�f� �c�o�r�n� �g�l�u�t�e�n� �t�o� 

�b�a�c�k�g�r�o�u�n�d� �s�t�e�e�r�s� �i�s� �p�r�i�c�e� �d�e�p�e�n�d�e�n�t�,� �h�o�w�e�v�e�r�.� �J�a�s�t�e�r� �e�t� �a�l�.� 

�(�1�2�7�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �g�r�e�a�t�e�r� �w�e�i�g�h�t� �g�a�i�n�s� �w�e�r�e� �a�t�t�a�i�n�e�d� �b�y� 

�d�a�i�r�y� �h�e�i�f�e�r�s� �r�e�c�e�i�v�i�n�g� �r�a�t�i�o�n�s� �c�o�n�t�a�i�n�i�n�g� �w�e�t� �c�o�r�n� �g�l�u�t�e�n� 

�f�e�e�d� �t�h�a�n� �s�i�m�i�l�a�r� �h�e�i�f�e�r�s� �f�e�d� �a�l�f�a�l�f�a� �h�a�y�l�a�g�e�.� �A�m�o�s� �(�8�)�,� 

�a�l�s�o� �o�b�t�a�i�n�e�d� �i�m�p�r�o�v�e�d� �g�a�i�n�s� �f�o�r� �h�e�i�f�e�r�s� �a�n�d� �s�t�e�e�r�s� �f�e�d� �c�o�r�n� 

�g�l�u�t�e�n� �m�e�a�l� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �s�i�m�i�l�a�r� �a�n�i�m�a�l�s� �r�e�c�e�i�v�i�n�g� 

�s�o�y�b�e�a�n� �m�e�a�l�.� 

�P�u�r�d�u�e� �U�n�i�v�e�r�s�i�t�y� �r�e�s�e�a�r�c�h� �s�t�u�d�i�e�s� �h�a�v�e� �s�h�o�w�n� �a� �p�o�s�i�t�i�v�e� 

�g�r�o�w�t�h� �r�e�s�p�o�n�s�e� �w�h�e�n� �b�y�p�a�s�s� �p�r�o�t�e�i�n� �w�a�s� �f�e�d� �t�o� �6� �t�o� �9� �m�o� �o�l�d� 

�c�a�l�v�e�s� �a�n�d� �y�e�a�r�l�i�n�g�s� �(�1�9�2�)�.� �T�h�e� �s�a�m�e� �s�o�u�r�c�e� �h�a�s� �r�e�p�o�r�t�e�d� �t�h�e� 

�r�e�s�u�l�t�s� �o�f� �a� �t�r�i�a�l� �w�h�e�r�e� �H�o�l�s�t�e�i�n� �c�a�l�v�e�s� �w�e�r�e� �f�e�d� �a� �p�e�l�l�e�t�e�d� 

�a�l�l�-�c�o�n�c�e�n�t�r�a�t�e� �d�i�e�t� �(�1�9�3�)�.� �D�r�y� �s�h�e�l�l�e�d� �c�o�r�n� �w�a�s� �t�h�e� 

�c�o�n�t�r�o�l� �d�i�e�t�.� �T�r�e�a�t�m�e�n�t�s� �w�e�r�e� �1�)� �a�l�l� �s�o�y�b�e�a�n� �m�e�a�l�,� �2�)� �h�a�l�f� 

�s�o�y�b�e�a�n� �m�e�a�l� �a�n�d� �h�a�l�f� �u�r�e�a�,� �3�)� �h�a�l�f� �u�r�e�a� �a�n�d� �h�a�l�f� �f�e�a�t�h�e�r� 

�m�e�a�l�,� �4�)� �h�a�l�f� �s�o�y�b�e�a�n� �m�e�a�l� �a�n�d� �h�a�l�f� �f�e�a�t�h�e�r� �m�e�a�l� �a�n�d� �5�)� �m�e�a�t� 

�a�n�d� �b�o�n�e� �m�e�a�l�.� �A�d� �l�i�b�i�t�u�m� �f�e�e�d�i�n�g� �o�f� �a� �a�l�l�-�c�o�n�c�e�n�t�r�a�t�e� �d�i�e�t� 

�p�r�o�d�u�c�e�d� �g�a�i�n�s� �o�f� �1�3�3�0� �g�/�d� �i�n� �y�o�u�n�g� �c�a�l�v�e�s� �a�f�t�e�r� �6� �w�k� �o�f� �a�g�e� 
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�f�o�r� �t�h�e� �n�e�x�t� �3�4� �w�k� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �a�n�d� �r�e�q�u�i�r�e�d� �5�.�5� �k�g� �o�f� 

�f�e�e�d� �p�e�r� �k�g� �o�f� �g�a�i�n�.� �T�h�e� �s�o�u�r�c�e� �o�f� �p�r�o�t�e�i�n� �e�s�s�e�n�t�i�a�l�l�y� �d�i�d� 

�n�o�t� �a�f�f�e�c�t� �e�i�t�h�e�r� �t�h�e� �r�a�t�e� �o�f� �g�a�i�n� �o�r� �c�a�r�c�a�s�s� �q�u�a�l�i�t�y� �o�f� 

�s�t�e�e�r�s�.� �H�o�w�e�v�e�r�,� �p�r�o�t�e�i�n� �s�o�u�r�c�e� �c�o�m�b�i�n�a�t�i�o�n�s� �h�a�d� �s�o�m�e� 

�b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t�.� �S�t�e�e�r�s� �f�e�d� �s�o�y�b�e�a�n� �m�e�a�l� �a�n�d� �f�e�a�t�h�e�r� �m�e�a�l� 

�g�a�i�n�e�d� �(�7�%�)� �w�e�i�g�h�t� �m�o�r�e� �r�a�p�i�d�l�y� �t�h�a�n� �t�h�e� �s�t�e�e�r�s� �f�e�d� �o�t�h�e�r� 

�p�r�o�t�e�i�n� �s�u�p�p�l�e�m�e�n�t�s�.� �S�o�y�b�e�a�n� �m�e�a�l� �a�n�d� �f�e�a�t�h�e�r� �m�e�a�l� �o�r� 

�s�o�y�b�e�a�n� �m�e�a�l� �p�l�u�s� �u�r�e�a� �r�e�q�u�i�r�e�d� �6�%� �l�e�s�s� �f�e�e�d� �p�e�r� �4�5�4� �g� �o�f� 

�g�a�i�n� �t�h�a�n� �s�t�e�e�r�s� �f�e�d� �t�h�e� �s�t�r�a�i�g�h�t� �s�o�y�b�e�a�n� �m�e�a�l� �s�u�p�p�l�e�m�e�n�t�s�.� 

�S�t�u�d�i�e�s� �o�f� �l�a�m�b�s� �w�i�t�h� �a�d� �l�i�b�i�t�u�m� �f�e�d� �r�a�t�i�o�n�s� �b�a�s�e�d� �o�n� �b�a�r�l�e�y� 

�a�n�d� �f�i�s�h� �m�e�a�l� �c�o�n�t�a�i�n�i�n�g� �1�1�.�0�%�,� �1�5�.�7�%� �a�n�d� �1�9�.�4�%� �C�P� �a�l�s�o� 

�s�h�o�w�e�d� �i�n�c�r�e�a�s�e�d� �g�r�o�w�t�h� �r�a�t�e�,� �f�e�e�d� �i�n�t�a�k�e�,� �a�n�d� �f�e�e�d� 

�e�f�f�i�c�i�e�n�c�y� �(�f�e�e�d�/�g�a�i�n�)� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �d�i�e�t�a�r�y� �p�r�o�t�e�i�n� 

�c�o�n�t�e�n�t� �(�2�0�3�)�.� 

�L�e�i�b�h�o�l�z� �(�1�5�6�)� �u�s�e�d� �e�i�t�h�e�r� �u�r�e�a� �o�r� �m�e�a�t� �m�e�a�l� �t�o� 

�s�u�p�p�l�e�m�e�n�t� �b�a�r�l�e�y� �b�a�s�e�d� �r�a�t�i�o�n�s� �f�o�r� �H�o�l�s�t�e�i�n� �c�a�l�v�e�s�.� �W�h�e�n� 

�u�r�e�a� �w�a�s� �s�u�b�s�t�i�t�u�t�e�d� �f�o�r� �m�e�a�t� �m�e�a�l�,� �n�i�t�r�o�g�e�n� �f�l�o�w� �t�o� �t�h�e� 

�d�u�o�d�e�n�u�m� �w�a�s� �r�e�d�u�c�e�d�,� �a�n�d� �a�p�p�a�r�e�n�t� �a�b�s�o�r�p�t�i�o�n� �o�f� �a�m�i�n�o� �a�c�i�d�s� 

�i�n� �t�h�e� �i�n�t�e�s�t�i�n�e�s� �w�a�s� �d�e�p�r�e�s�s�e�d� �a�l�s�o�.� �T�h�e� �b�a�s�i�s� �a�n�d� 

�m�e�t�h�o�d�o�l�o�g�y� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �e�x�p�r�e�s�s�i�o�n�s� �o�f� �p�r�o�t�e�i�n� 

�r�e�q�u�i�r�e�m�e�n�t�s� �i�n� �t�e�r�m�s� �o�f� �u�n�d�e�g�r�a�d�e�d� �i�n�t�a�k�e� �p�r�o�t�e�i�n� �(�U�I�P�)� �a�n�d� 

�d�e�g�r�a�d�e�d� �i�n�t�a�k�e� �p�r�o�t�e�i�n� �(�D�I�P�)� �h�a�v�e� �b�e�e�n� �d�e�s�c�r�i�b�e�d� �i�n� �d�e�t�a�i�l� 

�b�y� �t�h�e� �N�R�C� �(�1�9�8�)�.� 
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�S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �h�a�v�e� �s�h�o�w�n� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �c�o�n�s�i�d�e�r�i�n�g� 

�p�r�o�t�e�i�n� �a�n�d� �e�n�e�r�g�y� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �t�o� �p�r�e�d�i�c�t� �g�r�o�w�t�h� �r�e�s�p�o�n�s�e� 

�i�n� �g�r�o�w�i�n�g� �H�o�l�s�t�e�i�n�s� �(�1�2�3�,�1�2�4�)�.� 

�C�h�a�n�d�l�e�r� �e�t� �a�l�.� �(�4�1�)� �h�a�v�e� �i�n�d�i�c�a�t�e�d� �a�n� �o�p�t�i�m�u�m� 

�d�i�g�e�s�t�i�b�l�e� �e�n�e�r�g�y� �(�M�c�a�l�)� �t�o� �d�i�g�e�s�t�i�b�l�e� �p�r�o�t�e�i�n� �r�a�t�i�o� �(�k�g� �C�P�)� 

�o�f� �1�7�:�1� �a�t� �1�4�6� �k�g� �B�W�.� �R�a�t�i�o�s� �b�e�t�w�e�e�n� �2�2�:�1� �a�n�d� �4�5�:�1� �f�o�r� 

�g�r�o�w�i�n�g� �c�a�l�v�e�s� �n�o�t� �o�l�d�e�r� �t�h�a�n� �2�5� �w�k� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� 

�(�3�1�,�6�4�,�8�8�,�2�5�9�,�2�8�7�)�.� 

�R�a�t�i�o�n� �c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �r�u�m�e�n� �d�e�v�e�l�o�p�m�e�n�t� 

�L�i�q�u�i�d� �f�e�e�d�s� �l�e�a�d� �t�o� �a� �l�e�s�s� �d�e�v�e�l�o�p�e�d� �r�u�m�e�n� �e�v�e�n� �t�h�o�u�g�h� 

�t�h�e� �l�i�v�e�w�e�i�g�h�t� �c�r�i�t�e�r�i�a� �i�s� �m�e�t� �f�o�r� �w�e�a�n�i�n�g� �p�u�r�p�o�s�e�s� �(�1�3�9�)�.� 

�I�n�t�a�k�e� �o�f� �s�o�l�i�d� �f�e�e�d� �a�n�d� �i�t�s� �f�e�r�m�e�n�t�a�t�i�o�n� �p�r�o�d�u�c�t�s� �(�V�F�A�s�)� 

�e�n�h�a�n�c�e�s� �e�a�r�l�y� �r�u�m�e�n� �d�e�v�e�l�o�p�m�e�n�t� �t�o� �a�d�u�l�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�(�1�2�2�,�2�0�6�)�,� �a�n�d� �r�u�m�i�n�a�t�i�o�n� �i�n� �c�a�l�v�e�s� �w�a�s� �f�o�u�n�d� �t�o� �b�e� 

�f�u�n�c�t�i�o�n�a�l� �b�y� �6� �t�o� �8� �w�e�e�k�s� �o�f� �a�g�e�.� �T�h�e�r�e�f�o�r�e� �i�n�t�a�k�e� �o�f� �d�r�y� 

�f�e�e�d� �i�s� �a� �b�e�t�t�e�r� �g�u�i�d�e� �t�o� �w�e�a�n�i�n�g� �t�h�a�n� �l�i�v�e� �w�e�i�g�h�t� �i�n� 

�r�u�m�i�n�a�n�t�s�,� �a�n�d� �f�o�r� �e�a�r�l�y� �w�e�a�n�i�n�g� �p�r�o�g�r�a�m�s� �(�3� �t�o� �4� �w�k�)� �a� �c�a�l�f� 

�s�h�o�u�l�d� �b�e� �e�a�t�i�n�g� �a�b�o�u�t� �3�%� �o�f� �i�t�s� �b�o�d�y� �w�e�i�g�h�t� �(�1�2�3�)�.� �F�r�e�s�h� 

�d�r�y� �f�e�e�d� �(�i�.�g� �p�e�l�l�e�t�s�)� �p�r�o�v�i�d�e�d� �t�o� �y�o�u�n�g� �r�u�m�i�n�a�n�t�s� �p�r�i�o�r� �t�o� 

�w�e�a�n�i�n�g� �p�r�o�m�o�t�e�s� �e�a�r�l�y� �i�n�t�a�k�e� �a�n�d� �a�l�s�o� �a�f�f�e�c�t�s� �r�u�m�e�n� 

�d�e�v�e�l�o�p�m�e�n�t� �(�1�1�8�)�.� 
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�D�a�i�l�y� �n�u�t�r�i�e�n�t� �r�e�q�u�i�r�e�m�e�n�t� 

�S�u�f�f�i�c�i�e�n�t� �q�u�a�n�t�i�t�y� �a�n�d� �b�a�l�a�n�c�e�d� �a�m�o�u�n�t�s� �o�f� �n�u�t�r�i�e�n�t�s� 

�s�h�o�u�l�d� �b�e� �p�r�o�v�i�d�e�d� �t�o� �h�e�i�f�e�r�s� �i�n� �o�r�d�e�r� �t�o� �r�e�a�c�h� �b�r�e�e�d�i�n�g� 

�w�e�i�g�h�t� �b�e�t�w�e�e�n� �1�3� �a�n�d� �1�5� �m�o� �a�n�d� �c�a�l�v�i�n�g� �b�e�t�w�e�e�n� �2�3� �a�n�d� �2�5� �m�o� 

�o�f� �a�g�e� �(�1�2�6�,�2�8�7�,�2�9�7�)�.� �T�h�e� �d�a�i�l�y� �n�u�t�r�i�e�n�t� �r�e�q�u�i�r�e�m�e�n�t� �f�o�r� �a� 

�n�o�n�-�l�a�c�t�a�t�i�n�g� �H�o�l�s�t�e�i�n� �f�e�m�a�l�e� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �1�.� 

�T�h�e� �N�a�t�i�o�n�a�l� �R�e�s�e�a�r�c�h� �C�o�u�n�c�i�l�,� �1�9�8�9� �(�2�9�8�)� �r�e�c�o�m�m�e�n�d�s� �g�r�o�w�t�h� 

�r�a�t�e�s� �l�o�w�e�r� �t�h�a�n� �t�h�e� �m�a�x�i�m�a�l� �g�r�o�w�t�h� �r�a�t�e�s� �p�o�s�s�i�b�l�e� �w�i�t�h� �a�d� 

�l�i�b�i�t�u�m� �f�e�e�d�i�n�g�.� �H�o�w�e�v�e�r�,� �t�h�e�s�e� �r�a�t�e�s� �a�l�l�o�w� �c�a�l�v�i�n�g� �a�t� �2�4� �m�o� 

�w�i�t�h� �a�n� �a�c�c�e�p�t�a�b�l�e� �m�a�t�u�r�e� �b�o�d�y� �w�e�i�g�h�t�.� �F�e�e�d�i�n�g� �a�l�l�o�w�a�n�c�e�s� 

�f�o�r� �t�h�i�s� �c�a�t�e�g�o�r�y� �a�r�e� �c�l�o�s�e� �t�o� �v�o�l�u�n�t�a�r�y� �i�n�t�a�k�e� �a�n�d� �a�l�l�o�w� 

�t�h�e� �m�a�x�i�m�u�m� �u�s�e� �o�f� �f�o�r�a�g�e�.� �R�e�a�c�h�i�n�g� �2�5�0� �t�o� �3�0�0� �k�g� �o�f� �B�W�,� 

�d�a�i�r�y� �r�e�p�l�a�c�e�m�e�n�t�s� �c�a�n� �o�b�t�a�i�n� �e�n�o�u�g�h� �e�n�e�r�g�y� �f�o�r� �g�r�o�w�t�h� �w�h�e�n� 

�f�e�d� �o�n�l�y� �g�o�o�d� �q�u�a�l�i�t�y� �h�a�y�,� �s�i�l�a�g�e� �o�r� �p�a�s�t�u�r�e�.� �P�r�o�t�e�i�n�,� 

�m�i�n�e�r�a�l�s� �a�n�d� �v�i�t�a�m�i�n�s� �m�a�y� �b�e� �n�e�e�d�e�d� �t�o� �s�u�p�p�l�e�m�e�n�t� �f�o�r�a�g�e� 

�b�a�s�e�d� �d�i�e�t�s� �(�1�9�8�)�.� 

�T�h�e�o�r�e�t�i�c�a�l�l�y� �t�h�e� �N�R�C� �(�1�9�8�)� �c�o�n�s�i�d�e�r�s� �8�0�0� �k�g� �a� �m�a�t�u�r�e� 

�b�o�d�y� �s�i�z�e� �f�o�r� �a� �H�o�l�s�t�e�i�n� �f�e�m�a�l�e�.� �M�e�t�a�b�o�l�i�z�a�b�l�e� �e�n�e�r�g�y� 

�c�o�n�t�e�n�t� �o�f� �t�h�e� �d�i�e�t� �i�s� �a�s�s�u�m�e�d� �t�o� �d�e�c�r�e�a�s�e� �i�n� �a� �l�i�n�e�a�r� 

�f�a�s�h�i�o�n� �f�r�o�m� �2�6�7� �M�c�a�l�/�k�g� �o�f� �D�M� �f�o�r� �a�n�i�m�a�l�s� �a�t� �1�2�.�5�%� �(�1�0�0� �k�g�)� 

�o�f� �m�a�t�u�r�e� �s�i�z�e� �t�o� �2�.�0� �M�c�a�l�/�k�g� �o�f� �D�M� �f�o�r� �t�h�o�s�e� �a�t� �7�5�%� �(�6�0�0� 

�k�g�)� �o�f� �m�a�t�u�r�e� �b�o�d�y� �s�i�z�e�.� 
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�T�h�e� �N�R�C� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �h�a�v�e� �p�r�o�d�u�c�e�d� �w�e�l�l� �g�r�o�w�n� �h�e�i�f�e�r�s� 

�a�n�d� �r�e�s�e�a�r�c�h� �s�u�p�p�o�r�t�i�n�g� �t�h�e�s�e� �a�l�l�o�w�a�n�c�e�s� �i�s� �e�x�t�e�n�s�i�v�e� �(�1�4�,� 

�2�3�6�,�2�8�6�,�3�0�1�,�2�2�8�,�2�3�9�)�.� �H�o�w�e�v�e�r�,� �r�e�s�e�a�r�c�h� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h� 

�(�2�2�7�,�2�4�0�,�2�8�6�,�2�8�7�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �w�i�t�h� �m�o�r�e� �i�n�t�e�n�s�i�v�e� �f�e�e�d�i�n�g� 

�s�y�s�t�e�m�s� �(�P�i�n�p�o�i�n�t�e�r� �c�o�m�p�u�t�e�r�i�z�e�d� �f�e�e�d�i�n�g�)� �a�n�d� �e�i�t�h�e�r� �c�o�u�n�t�e�r� 

�s�l�o�p�e�s� �o�r� �p�e�n� �h�o�u�s�i�n�g� �f�a�c�i�l�i�t�i�e�s�,� �h�e�i�f�e�r�s� �g�a�i�n� �m�o�r�e� �t�h�a�n� �t�h�e� 

�p�r�e�d�i�c�t�e�d� �r�a�t�e�s� �o�f� �g�a�i�n� �b�y� �N�R�C�,� �1�9�7�8� �(�1�9�6�,�1�9�8�)�.� 

�F�E�E�D�I�N�G� �S�Y�S�T�E�M�S� �F�O�R� �D�A�I�R�Y� �C�A�T�T�L�E� �C�O�N�F�I�N�E�M�E�N�T� 

�C�o�n�f�i�n�e�m�e�n�t� 

�I�m�p�r�o�v�e�d� �g�e�n�e�t�i�c� �p�o�t�e�n�t�i�a�l� �f�o�r� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �h�a�s� 

�c�h�a�n�g�e�d� �p�r�a�c�t�i�c�e�s� �f�o�r� �f�e�e�d�i�n�g� �d�a�i�r�y� �h�e�r�d�s�.� �A� �r�e�d�u�c�e�d� �n�u�m�b�e�r� 

�o�f� �d�a�i�r�y� �f�a�r�m�s� �a�n�d� �i�n�c�r�e�a�s�e�d� �n�u�m�b�e�r� �o�f� �d�a�i�r�y� �c�o�w�s� �i�n� �h�e�r�d�s�,� 

�h�i�g�h� �l�a�b�o�r� �c�o�s�t�s�,� �h�e�a�v�i�e�r� �u�s�a�g�e� �o�f� �m�e�c�h�a�n�i�z�a�t�i�o�n� �f�o�r� �m�i�l�k�,� 

�c�r�o�p� �a�n�d� �f�e�e�d�i�n�g� �p�r�o�g�r�a�m�s� �h�a�v�e� �l�e�d� �d�a�i�r�y� �f�a�r�m�e�r�s� �i�n� �t�h�e� �U�S�A� 

�t�o� �c�h�a�n�g�e� �t�o�w�a�r�d� �c�o�n�f�i�n�e�m�e�n�t� �f�a�c�i�l�i�t�i�e�s�.� �T�h�i�s� �s�y�s�t�e�m� 

�d�e�m�a�n�d�s� �a� �l�a�r�g�e�r� �i�n�i�t�i�a�l� �i�n�v�e�s�t�m�e�n�t� �i�n� �f�a�c�i�l�i�t�i�e�s� �t�h�a�n� 

�p�a�s�t�u�r�e� �b�a�s�e�d� �f�e�e�d�i�n�g� �p�r�o�g�r�a�m�s�.� �H�o�w�e�v�e�r�,� �c�o�n�f�i�n�e�m�e�n�t� �s�y�s�t�e�m�s� 

�c�a�n� �r�e�s�u�l�t� �i�n� �a� �s�o�u�n�d�,� �l�a�b�o�r� �e�f�f�i�c�i�e�n�t� �a�n�d� �a�n� �e�c�o�n�o�m�i�c�a�l� 

�s�y�s�t�e�m� �f�o�r� �r�a�i�s�i�n�g� �d�a�i�r�y� �h�e�i�f�e�r�s� �(�2�3�5�)�.� 

�T�h�e� �s�y�s�t�e�m� �o�f�f�e�r�s� �a�d�v�a�n�t�a�g�e�s� �s�u�c�h� �a�s� �g�r�o�u�p�i�n�g� �a�n�d� �m�o�r�e� 

�p�r�e�c�i�s�e� �d�i�e�t�a�r�y� �a�l�t�e�r�a�t�i�o�n�s�.� �I�f� �a�n�i�m�a�l� �n�u�m�b�e�r�s� �a�r�e� �l�a�r�g�e� 
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�e�n�o�u�g�h�,� �g�r�o�u�p�i�n�g� �h�e�i�f�e�r�s� �b�y� �s�i�z�e� �w�i�l�l� �r�e�d�u�c�e� �t�h�e� �r�a�n�g�e� �o�f� 

�n�u�t�r�i�e�n�t� �r�e�q�u�i�r�e�m�e�n�t�s�.� �R�a�t�i�o�n�s� �c�a�n� �b�e� �m�a�d�e� �t�o� �s�u�p�p�l�y� �t�h�e� 

�a�n�i�m�a�l�s� �w�i�t�h� �p�r�o�p�e�r� �n�u�t�r�i�t�i�o�n� �s�i�n�c�e� �t�h�e� �a�n�i�m�a�l� �d�o�m�i�n�a�n�c�e� 

�p�r�o�b�l�e�m� �i�s� �r�e�d�u�c�e�d� �(�1�0�9�)�.� �A�l�s�o�,� �p�r�i�m�i�p�a�r�o�u�s� �c�o�w�s� �c�a�n� �b�e� 

�p�r�o�p�e�r�l�y� �f�e�d�,� �a�s� �a� �g�r�o�u�p� �a�p�a�r�t� �f�r�o�m� �o�l�d�e�r� �c�o�w�s� �i�m�p�r�o�v�i�n�g� 

�m�a�n�a�g�e�m�e�n�t� �a�n�d� �p�o�t�e�n�t�i�a�l�l�y� �r�e�d�u�c�i�n�g� �s�p�r�e�a�d� �o�f� �m�a�s�t�i�t�i�s� 

�(�2�6�7�)�.� 

�T�h�e� �u�s�e� �o�f� �t�o�t�a�l� �b�l�e�n�d�e�d� �f�e�e�d�s� �(�T�M�R�)�,� �b�l�e�n�d�i�n�g� �f�o�r�a�g�e�s�,� 

�c�o�n�c�e�n�t�r�a�t�e�s�,� �m�i�n�e�r�a�l�s� �a�n�d� �v�i�t�a�m�i�n�s� �h�a�s� �b�e�e�n� �s�h�o�w�n� �a�s� �a� 

�p�r�a�c�t�i�c�a�l� �a�n�d� �l�a�b�o�r� �s�a�v�i�n�g� �m�e�t�h�o�d� �w�h�e�n� �g�r�o�u�p�i�n�g� �d�a�i�r�y� �h�e�r�d�s� 

�(�2�6�7�)�.� �A�d�v�a�n�t�a�g�e�s� �f�r�o�m� �t�h�i�s� �p�r�a�c�t�i�c�e� �a�r�e� �s�a�i�d� �t�o� �p�r�e�v�e�n�t� 

�s�e�l�e�c�t�i�v�e� �e�a�t�i�n�g�,� �h�e�n�c�e� �a� �m�o�r�e� �b�a�l�a�n�c�e�d� �r�a�t�i�o�n� �a�n�d� �b�e�t�t�e�r� 

�u�s�e� �o�f� �i�n�g�r�e�d�i�e�n�t�s� �t�o� �f�o�r�m�u�l�a�t�e� �a� �r�a�t�i�o�n�,� �s�u�c�h� �a�s� �i�n�c�l�u�s�i�o�n� 

�o�f� �f�i�b�e�r� �t�o� �r�e�s�t�r�i�c�t� �i�n�t�a�k�e�,� �m�a�s�k�i�n�g� �o�f�f�-�f�l�a�v�o�r� �o�r� �o�d�o�r� �o�f� 

�u�n�p�a�l�a�t�a�b�l�e� �f�e�e�d�s� �(�5�3�)�,� �a�n�d� �p�r�o�d�u�c�i�n�g� �d�e�s�i�r�a�b�l�e� �e�f�f�e�c�t�s� �o�n� 

�d�i�g�e�s�t�i�o�n� �t�h�r�o�u�g�h� �a� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �f�e�e�d� �i�n�t�a�k�e� �(�2�0�0�,�2�2�8�)�.� 

�P�A�S�T�U�R�E� �I�M�P�O�R�T�A�N�C�E� �A�N�D� �U�T�I�L�I�Z�A�T�I�O�N� 

�W�o�r�l�d�w�i�d�e�,� �o�v�e�r� �8�0�%� �o�f� �t�h�e� �c�a�t�t�l�e� �a�r�e� �g�r�a�z�e�d� �f�o�r� �t�h�e�i�r� 

�e�n�t�i�r�e� �l�i�f�e� �(�4�9�)�,� �a�n�d� �g�r�a�z�i�n�g� �l�a�n�d�s� �p�r�o�v�i�d�e� �t�h�e� �c�h�e�a�p�e�s�t� 

�f�o�r�m� �o�f� �p�r�o�d�u�c�t�i�o�n� �(�1�8�7�)�.� �I�n� �B�r�i�t�i�s�h� �a�g�r�i�c�u�l�t�u�r�e�,� �p�a�s�t�u�r�e� �i�s� 

�t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �s�i�n�g�l�e� �c�r�o�p� �(�5�1�)�.� �M�o�s�t� �o�f� �t�h�e� �E�u�r�o�p�e�a�n� 

�c�o�u�n�t�r�i�e�s� �r�e�l�y� �o�n� �p�a�s�t�u�r�e� �t�o� �f�e�e�d� �r�u�m�i�n�a�n�t�s�.� �I�n� �N�e�w� �Z�e�a�l�a�n�d�,� 
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�p�a�s�t�u�r�e� �i�s� �t�h�e� �m�a�i�n� �c�o�m�p�o�n�e�n�t� �i�n� �t�h�e� �d�i�e�t� �o�f� �a�l�l� �c�o�w�s� �(�1�1�5�)�.� 

�T�r�o�p�i�c�a�l� �a�r�e�a�s� �a�l�s�o� �r�e�l�y� �o�n� �p�a�s�t�u�r�e� �t�o� �p�r�o�d�u�c�e� �m�e�a�t�,� �m�i�l�k� 

�a�n�d� �w�o�o�l� �f�r�o�m� �r�u�m�i�n�a�n�t�s�.� �I�n� �t�h�e� �U�S�A�,� �e�s�s�e�n�t�i�a�l�l�y� �a�l�l� �f�e�e�d�s� 

�c�o�n�s�u�m�e�d� �b�y� �b�e�e�f� �c�o�w� �h�e�r�d�s� �a�r�e� �f�o�r�a�g�e�s�,� �w�a�s�t�e�s� �a�n�d� �b�y�-� 

�p�r�o�d�u�c�t�s� �(�3�1�3�)�,� �w�h�e�r�e�a�s�,� �t�h�e� �d�a�i�r�y� �c�a�t�t�l�e� �i�n�d�u�s�t�r�y� �h�a�s� 

�c�h�a�n�g�e�d� �t�o�w�a�r�d� �c�o�n�f�i�n�e�m�e�n�t� �f�e�e�d�i�n�g� �s�y�s�t�e�m�s�,� �m�o�s�t�l�y� �u�t�i�l�i�z�e� 

�m�o�r�e� �c�o�n�s�e�r�v�e�d� �f�e�e�d�s� �a�s� �s�i�l�a�g�e�s�,� �h�a�y�l�a�g�e�s� �a�n�d� �h�a�y�s� �m�i�x�e�d� 

�w�i�t�h� �c�o�n�c�e�n�t�r�a�t�e�s� �i�n� �T�M�R�s�.� 

�T�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �p�l�a�n�n�e�d� �f�o�r�a�g�e�-�l�i�v�e�s�t�o�c�k� �m�a�n�a�g�e�m�e�n�t� 

�s�y�s�t�e�m�s� �f�o�r� �f�o�r�a�g�e� �u�t�i�l�i�z�a�t�i�o�n� �a�n�d� �a�n�i�m�a�l� �p�r�o�d�u�c�t�i�o�n� �i�s� �a� 

�m�u�s�t� �i�f� �o�p�t�i�m�i�z�a�t�i�o�n� �o�f� �l�a�n�d� �u�s�a�g�e� �i�s� �i�n�t�e�n�d�e�d� �(�2�5�,�1�7�4�,� 

�1�7�5�,�1�9�0�)�.� �T�h�e�r�e�f�o�r�e�,� �f�o�r�a�g�e� �q�u�a�l�i�t�y� �a�n�d� �q�u�a�n�t�i�t�y� �m�u�s�t� �b�e� 

�a�s�s�u�r�e�d� �b�y� �p�r�a�c�t�i�c�i�n�g� �g�o�o�d� �m�a�n�a�g�e�m�e�n�t�.� �M�i�x�e�s� �o�f� �K�e�n�t�u�c�k�y� 

�b�l�u�e�g�r�a�s�s�-�w�h�i�t�e� �c�l�o�v�e�r�,� �t�a�l�l� �f�e�s�c�u�e�-�r�e�d� �c�l�o�v�e�r� �o�r� 

�o�r�c�h�a�r�d�g�r�a�s�s�-�a�l�f�a�l�f�a� �h�a�v�e� �w�o�r�k�e�d� �w�e�l�l� �f�o�r� �b�e�e�f� �a�n�d� �d�a�i�r�y� 

�c�a�t�t�l�e� �i�n� �N�o�r�t�h�e�a�s�t� �a�r�e�a�s� �(�2�8�)�.� �W�h�e�n� �g�r�o�w�t�h� �i�s� �d�e�p�r�e�s�s�e�d� 

�d�u�r�i�n�g� �h�o�t� �s�u�m�m�e�r� �w�e�a�t�h�e�r�,� �m�o�r�e� �a�r�e�a� �n�e�e�d�s� �t�o� �b�e� �u�t�i�l�i�z�e�d� 

�f�o�r� �g�r�a�z�i�n�g�,� �o�r� �g�r�a�i�n� �s�h�o�u�l�d� �b�e� �u�s�e�d� �t�o� �s�u�p�p�l�e�m�e�n�t� �l�o�w� 

�p�a�s�t�u�r�e� �q�u�a�l�i�t�y� �a�n�d� �q�u�a�n�t�i�t�y�.� �N�i�t�r�o�g�e�n� �f�e�r�t�i�l�i�z�e�d� �g�r�a�s�s� 

�p�a�s�t�u�r�e�s� �u�s�u�a�l�l�y� �p�r�o�d�u�c�e� �l�o�w�e�r� �a�v�e�r�a�g�e� �d�a�i�l�y� �g�a�i�n�s� �t�h�a�n� �d�o� 

�g�r�a�s�s� �l�e�g�u�m�e� �c�o�m�b�i�n�a�t�i�o�n�s�,� �b�u�t� �m�o�r�e� �a�n�i�m�a�l�s� �p�e�r� �h�e�c�t�a�r�e� �a�r�e� 

�c�a�r�r�i�e�d� �o�n� �w�e�l�l� �f�e�r�t�i�l�i�z�e�d� �p�a�s�t�u�r�e�s� �(�1�1�1�)�.� 
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�Y�o�u�n�g�,� �a�c�t�i�v�e�l�y� �g�r�o�w�i�n�g�,� �w�e�l�l� �f�e�r�t�i�l�i�z�e�d� �f�o�r�a�g�e�s�,� �c�a�n� 

�s�u�p�p�l�y� �a�d�e�q�u�a�t�e� �n�u�t�r�i�e�n�t�s� �f�o�r� �a�n�i�m�a�l� �p�r�o�d�u�c�t�i�o�n� �(�2�6�,�7�9�,�2�9�0�)�.� 

�G�r�a�z�i�n�g� �f�o�r�a�g�e�s� �a�t� �t�h�i�s� �s�t�a�g�e� �s�u�p�p�l�y� �h�i�g�h� �e�n�e�r�g�y� �(�7�0� �t�o� �8�0� �%�  ��x�
 

�T�D�N�)�,� �a�n�d� �p�r�o�t�e�i�n� �(�2�5� �t�o� �3�5� �%�)� �c�o�n�t�e�n�t�,� �a�n�d� �a�l�s�o� �a�l�l�o�w� 

�m�a�x�i�m�u�m� �i�n�t�a�k�e� �b�y� �t�h�e� �g�r�a�z�i�n�g� �a�n�i�m�a�l� �(�2�6�,�1�1�5�,�1�1�6�,�3�1�3�)� 

�b�e�c�a�u�s�e� �b�i�t�e� �s�i�z�e� �i�s� �i�n�c�r�e�a�s�e�d� �(�6�9�,�8�6�)�.� �I�t� �i�s� �w�e�l�l� �k�n�o�w�n� 

�t�h�a�t� �f�o�r�a�g�e�s� �i�n�c�r�e�a�s�e� �D�M� �y�i�e�l�d� �a�s� �t�h�e� �p�l�a�n�t�s� �r�e�a�c�h� �m�a�t�u�r�i�t�y� 

�a�n�d� �t�h�a�t� �q�u�a�l�i�t�y� �d�e�c�l�i�n�e�s� �w�i�t�h� �p�l�a�n�t� �a�g�e�,� �e�x�c�e�p�t� �f�o�r� �t�h�e� 

�c�o�r�n� �p�l�a�n�t�.� �T�h�e�r�e�f�o�r�e�,� �f�o�r�a�g�e� �q�u�a�l�i�t�y� �a�n�d� �q�u�a�n�t�i�t�y� �m�u�s�t� �b�e� 

�s�u�p�p�l�i�e�d� �t�o� �t�h�e� �g�r�a�z�i�n�g� �a�n�i�m�a�l� �b�y� �a�d�o�p�t�i�n�g� �g�o�o�d� �m�a�n�a�g�e�m�e�n�t� 

�p�r�a�c�t�i�c�e�s� �t�o� �a�c�h�i�e�v�e� �t�h�e� �o�p�t�i�m�u�m� �p�r�o�d�u�c�t�i�o�n� �l�e�v�e�l� �f�o�r� �b�o�t�h� 

�t�h�e� �a�n�i�m�a�l� �a�n�d� �g�r�a�s�s�l�a�n�d�s�.� 

�F�e�e�d�i�n�g� �r�e�g�i�m�e�s� �f�o�r� �l�a�c�t�a�t�i�n�g� �d�a�i�r�y� �c�o�w�s� �i�n� �t�h�e� �U�S� �h�a�v�e� 

�s�h�i�f�t�e�d� �f�r�o�m� �p�a�s�t�u�r�e� �t�o� �d�r�y�l�o�t� �f�e�e�d�i�n�g� �s�i�n�c�e� �1�9�6�0� �i�n� �t�h�e� 

�U�n�i�t�e�d� �S�t�a�t�e�s�.� �T�h�i�s� �t�r�e�n�d� �i�s� �r�e�l�a�t�e�d� �t�o� �i�n�c�r�e�a�s�e�d� �h�e�r�d� 

�s�i�z�e�,� �i�n�c�r�e�a�s�e�d� �m�e�c�h�a�n�i�z�a�t�i�o�n� �o�f� �c�a�t�t�l�e� �h�a�n�d�l�i�n�g�,� �a�n�d� 

�f�e�e�d�i�n�g� �m�a�n�a�g�e�m�e�n�t� �(�4�9�,�5�3�)�.� �S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� 

�d�e�s�p�i�t�e� �t�h�e� �h�i�g�h� �g�e�n�e�t�i�c� �p�o�t�e�n�t�i�a�l� �o�f� �c�o�w�s� �i�n� �t�h�e� �U�S�,� 

�l�a�c�t�a�t�i�n�g� �c�o�w�s� �w�i�l�l� �p�r�o�d�u�c�e� �a�b�o�u�t� �t�w�o�-�t�h�i�r�d�s� �o�f� �t�h�e�i�r� 

�m�a�x�i�m�u�m� �g�e�n�e�t�i�c� �c�a�p�a�c�i�t�y� �w�h�e�n� �f�e�d� �g�o�o�d� �q�u�a�l�i�t�y� �f�o�r�a�g�e�s� �a�s� 

�t�h�e� �s�o�l�e� �d�i�e�t� �(�2�6�,�8�6�,�2�0�2�)�.� �T�h�e� �c�r�u�d�e� �p�r�o�t�e�i�n� �c�o�n�t�e�n�t� �o�f� 

�y�o�u�n�g� �a�c�t�i�v�e�l�y� �g�r�o�w�i�n�g� �t�e�m�p�e�r�a�t�e� �s�p�e�c�i�e�s� �i�s� �g�e�n�e�r�a�l�l�y� �e�n�o�u�g�h� 

�t�o� �s�u�p�p�o�r�t� �2�0� �k�g� �o�f� �m�i�l�k�/�d�a�y� �f�r�o�m� �a� �d�a�i�r�y� �c�o�w� �a�n�d� �a�l�s�o� 

�a�s�s�u�r�e�s� �g�o�o�d� �r�a�t�e�s� �o�f� �g�a�i�n�,� �3�4�9� �t�o� �7�5�5� �g�/�d�,� �f�o�r� �g�r�o�w�i�n�g� 
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�c�a�t�t�l�e� �(�2�6�,�6�5�)�.� �H�o�w�e�v�e�r�,� �l�a�c�t�a�t�i�n�g� �c�o�w�s� �c�a�n� �n�o�t� �c�o�n�s�u�m�e� 

�e�n�o�u�g�h� �d�r�y� �m�a�t�t�e�r� �t�o� �m�a�i�n�t�a�i�n� �h�i�g�h� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �b�o�d�y� 

�w�e�i�g�h�t�,� �e�s�p�e�c�i�a�l�l�y� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �t�h�i�r�d� �o�f� �t�h�e�i�r� 

�l�a�c�t�a�t�i�o�n�.� �T�h�i�s� �i�s� �d�u�e� �t�o� �a� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �e�n�e�r�g�y� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �m�o�s�t� �f�o�r�a�g�e�s� �(�4�9�,�1�1�5�,�1�1�6�)�.� �P�a�s�t�u�r�e� �f�o�r�a�g�e� 

�m�a�y� �p�r�o�v�i�d�e� �a�b�o�v�e� �8�0�%� �o�f� �t�h�e� �t�o�t�a�l� �d�r�y� �m�a�t�t�e�r� �c�o�n�s�u�m�e�d� �b�y� 

�d�r�y� �c�o�w�s� �a�n�d� �d�a�i�r�y� �h�e�r�d� �r�e�p�l�a�c�e�m�e�n�t�s�.� �I�n� �G�e�o�r�g�i�a�,� �H�o�l�s�t�e�i�n� 

�h�e�i�f�e�r�s� �r�a�i�s�e�d� �m�a�i�n�l�y� �w�i�t�h� �f�o�r�a�g�e� �c�a�l�v�e�d� �a�t� �3�1� �m�o� �(�1�8�2�)�.� 

�J�a�m�e�s� �(�1�2�6�)�,� �s�t�a�t�e�d� �t�h�a�t� �p�a�s�t�u�r�e� �s�h�o�u�l�d� �b�e� �a� �m�a�j�o�r� �s�o�u�r�c�e� �o�f� 

�n�u�t�r�i�e�n�t�s� �f�o�r� �3� �t�o� �5� �m�o� �p�e�r� �y�e�a�r�.� �H�e� �a�l�s�o� �h�a�s� �d�e�v�e�l�o�p�e�d� �a� 

�m�a�n�a�g�e�m�e�n�t� �s�c�h�e�m�e� �t�o� �u�t�i�l�i�z�e� �p�a�s�t�u�r�e�s� �f�o�r� �r�a�i�s�i�n�g� �d�a�i�r�y� 

�r�e�p�l�a�c�e�m�e�n�t�s�,� �i�f� �p�a�s�t�u�r�e� �i�s� �a�v�a�i�l�a�b�l�e�.� �S�o�m�e� �a�u�t�h�o�r�s� 

�r�e�c�o�m�m�e�n�d� �t�h�a�t� �h�e�i�f�e�r�s� �s�h�o�u�l�d� �n�o�t� �b�e� �t�u�r�n�e�d� �o�u�t� �o�n�t�o� 

�p�a�s�t�u�r�e�s� �b�e�f�o�r�e� �t�h�e�y� �a�r�e� �6� �m�o� �o�l�d� �(�1�2�6�,�1�2�8�,�2�6�6�)�.� �T�h�i�s� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �p�o�t�e�n�t�i�a�l� �o�f� �i�n�t�e�r�n�a�l� 

�p�a�r�a�s�i�t�e�s� �i�n�f�e�c�t�i�o�n�.� 

�S�h�u�m�a�k�e�r� �e�t� �a�l�.� �(�2�5�8�)� �c�o�m�p�a�r�e�d� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �u�n�b�r�e�d� 

�d�a�i�r�y� �h�e�i�f�e�r�s� �g�r�a�z�i�n�g� �e�i�t�h�e�r� �a� �c�o�o�l� �s�e�a�s�o�n� �g�r�a�s�s�-�l�e�g�u�m�e� 

�m�i�x�t�u�r�e� �o�r� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �c�o�o�l� �s�e�a�s�o�n� �g�r�a�s�s�e�s� �f�e�r�t�i�l�i�z�e�d� 

�w�i�t�h� �n�i�t�r�o�g�e�n�.� �T�h�e� �m�i�x�t�u�r�e�s� �w�e�r�e� �1�)� �o�a�t�s� �(�A�v�e�n�a� �s�a�t�i�v�a�)�,� 

�r�y�e�g�r�a�s�s� �(�L�o�l�i�u�m� �m�u�l�t�i�f�l�o�r�u�m�)� �i�n� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �C�r�i�m�s�o�n� 

�c�l�o�v�e�r� �(�T�r�i�f�o�l�i�u�m� �i�n�c�a�r�n�a�t�u�m�)� �a�n�d� �2�)� �o�a�t�s� �a�n�d� �r�y�e�g�r�a�s�s� �w�i�t�h� 

�"�M�t�.� �B�a�r�k�e�r�"� �s�u�b�t�e�r�r�a�n�e�a�n� �c�l�o�v�e�r� �(�T�r�i�f�o�l�i�u�m� �s�u�b�t�e�r�r�a�n�e�u�m�)�.� 
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�T�h�e� �o�t�h�e�r� �t�r�e�a�t�m�e�n�t� �w�a�s� �o�a�t�s� �a�n�d� �r�y�e�g�r�a�s�s� �t�o�p�d�r�e�s�s�e�d� 

�a�m�m�o�n�i�u�m� �n�i�t�r�a�t�e�.� �A�v�e�r�a�g�e� �d�a�i�l�y� �g�a�i�n�s� �w�e�r�e� �7�0�0�,� �9�1�0� �a�n�d� �8�5�0� 

�g�/�d�a�y� �f�o�r� �h�e�i�f�e�r�s� �g�r�a�z�i�n�g� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �p�a�s�t�u�r�e�s�.� �S�i�n�c�e� �a�n� 

�a�v�e�r�a�g�e� �s�t�o�c�k�i�n�g� �r�a�t�e� �o�f� �4�5�0�.�8� �k�g� �B�W�/�h�a� �w�a�s� �u�s�e�d�,� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �g�a�i�n� �m�a�y� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� 

�f�o�r�a�g�e� �y�i�e�l�d� �o�r� �q�u�a�l�i�t�y� �i�n� �h�e�r�b�a�g�e� �c�o�n�s�u�m�e�d� �b�y� �t�h�e� �a�n�i�m�a�l�s�.� 

�G�r�o�w�i�n�g� �h�e�i�f�e�r�s� �g�r�a�z�i�n�g� �i�m�p�r�o�v�e�d� �p�e�r�m�a�n�e�n�t� �p�a�s�t�u�r�e�s� �w�i�l�l� 

�g�a�i�n� �6�6�0� �g�/�d�a�y�,� �a�n�d� �t�h�i�s� �r�a�t�e� �o�f� �g�a�i�n� �m�a�y� �b�e� �i�n�c�r�e�a�s�e�d� �t�o� 

�1�0�0�0� �g�/�d�a�y� �i�f� �a� �c�e�r�e�a�l� �g�r�a�i�n� �i�s� �f�e�d� �t�o� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� 

�(�4�9�)�.� �H�o�w�e�v�e�r�,� �w�h�e�n� �g�r�a�i�n� �s�u�p�p�l�e�m�e�n�t�s� �a�r�e� �f�e�d� �t�o� �g�r�a�z�i�n�g� 

�a�n�i�m�a�l�s�,� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �f�o�r�a�g�e�s� �m�a�y� �(�7�9�,�2�9�1�)� �o�r� �m�a�y� �n�o�t� 

�(�7�0�)� �d�e�c�l�i�n�e�.� �W�i�s�e� �e�t� �a�l�.� �(�3�1�5�)� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �g�r�a�i�n� 

�f�e�e�d�i�n�g� �t�o� �g�r�a�z�i�n�g� �a�n�i�m�a�l�s� �b�e� �r�e�s�t�r�i�c�t�e�d� �t�o� �1�%� �o�f� �B�W�,� �w�h�i�c�h� 

�r�e�s�u�l�t�e�d� �i�n� �a�n� �i�n�c�r�e�a�s�e�d� �r�a�t�e� �o�f� �g�a�i�n� �w�i�t�h�o�u�t� �d�e�p�r�e�s�s�i�n�g� 

�p�a�s�t�u�r�e� �u�t�i�l�i�z�a�t�i�o�n�.� �I�n� �V�i�r�g�i�n�i�a� �(�2�8�)�,� �g�a�i�n� �w�a�s� �7�3�0� �g�/�d� �f�o�r� 

�b�e�e�f� �s�t�e�e�r�s� �w�i�t�h� �l�o�w� �g�r�a�z�i�n�g� �p�r�e�s�s�u�r�e�.� 

�P�A�S�T�U�R�E� �S�U�P�P�L�E�M�E�N�T�A�T�I�O�N� 

�P�a�s�t�u�r�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �i�s� �a� �p�r�a�c�t�i�c�e� �o�f� �p�r�o�v�i�d�i�n�g� 

�v�a�r�i�o�u�s� �c�o�n�c�e�n�t�r�a�t�e�s� �t�o� �g�r�a�z�i�n�g� �a�n�i�m�a�l�s� �s�u�c�h� �a�s� �p�r�o�t�e�i�n�,� 

�e�n�e�r�g�y�,� �m�i�n�e�r�a�l�s� �a�n�d� �v�i�t�a�m�i�n�s� �(�2�9�1�)�.� �T�h�e�r�e�f�o�r�e�,� �s�u�p�p�l�e�m�e�n�t�s� 

�s�h�o�u�l�d� �p�r�o�v�i�d�e� �n�u�t�r�i�e�n�t� �b�a�l�a�n�c�e� �d�i�e�t�s� �f�o�r� �a�n�y� �a�n�i�m�a�l�.� 
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�S�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �f�o�r� �g�r�a�z�i�n�g� �d�a�i�r�y� �c�a�t�t�l�e� �u�s�u�a�l�l�y� �r�e�f�e�r�s� �t�o� 

�t�h�e� �u�s�e� �o�f� �c�o�n�c�e�n�t�r�a�t�e� �f�e�e�d�s�.� �L�u�s�b�y� �a�n�d� �W�a�g�n�e�r� �(�1�6�5�)� �g�i�v�e� 

�s�e�v�e�r�a�l� �r�e�a�s�o�n�s� �o�f� �w�h�y� �a�n�d� �h�o�w� �t�o� �s�u�p�p�l�e�m�e�n�t� �p�a�s�t�u�r�e�s�.� �W�h�e�n� 

�f�o�r�a�g�e� �i�s� �o�f� �l�o�w� �q�u�a�l�i�t�y� �c�o�n�c�e�n�t�r�a�t�e�s� �a�r�e� �e�f�f�e�c�t�i�v�e� �b�u�f�f�e�r�s�,� 

�b�u�t� �u�s�u�a�l�l�y� �n�o�t� �i�f� �t�h�e�r�e� �i�s� �a� �l�a�c�k� �o�r� �s�h�o�r�t�a�g�e� �i�n� �h�e�r�b�a�g�e� 

�a�v�a�l�l�a�b�i�l�i�t�y� �(�4�)�.� �O�t�h�e�r�w�i�s�e�,� �w�h�e�n� �e�n�o�u�g�h� �f�o�r�a�g�e� �i�s� 

�a�v�a�i�l�a�b�l�e� �f�o�r� �m�a�x�i�m�u�m� �i�n�t�a�k�e�,� �f�e�e�d�i�n�g� �a� �l�i�m�i�t�e�d� �a�m�o�u�n�t� �o�f� 

�c�o�n�c�e�n�t�r�a�t�e� �w�i�l�l� �h�a�v�e� �t�w�o� �e�f�f�e�c�t�s�:� �a�d�d�i�t�i�v�e� �a�n�d� �s�u�b�s�t�i�t�u�t�i�v�e� 

�(�2�5�6�)�.� �H�o�w�e�v�e�r�,� �u�n�d�e�r� �f�a�v�o�r�a�b�l�e� �c�o�n�d�i�t�i�o�n�s� �s�u�p�p�l�e�m�e�n�t�s� �h�a�v�e� 

�t�h�e� �t�e�n�d�e�n�c�y� �t�o� �p�r�o�v�i�d�e� �a�d�d�i�t�i�o�n�a�l� �c�a�r�r�y�i�n�g� �c�a�p�a�c�i�t�y�.� �T�h�e� 

�e�x�t�e�n�t� �o�f� �e�i�t�h�e�r� �a�d�d�i�t�i�v�e� �o�r� �s�u�b�s�t�i�t�u�t�i�v�e� �e�f�f�e�c�t�s� �w�i�l�l� 

�d�e�p�e�n�d� �o�n� �h�e�r�b�a�g�e� �q�u�a�l�i�t�y� �(�4�7�,�2�1�7�)�.� �H�o�w�e�v�e�r�,� �b�o�t�h� �e�f�f�e�c�t�s� 

�m�a�y� �o�c�c�u�r� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �i�f� �c�o�n�c�e�n�t�r�a�t�e�s� �a�r�e� �f�e�d� �(�1�8�9�)�.� 

�S�u�b�s�t�i�t�u�t�i�v�e� �e�f�f�e�c�t�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �d�e�c�r�e�a�s�e�d� �h�e�r�b�a�g�e� �i�n�t�a�k�e� 

�d�e�p�e�n�d� �o�n� �d�i�g�e�s�t�i�b�l�e� �e�n�e�r�g�y� �i�n�t�a�k�e� �(�3�,�2�9�9�)� �a�n�d� �d�e�g�r�a�d�a�t�i�o�n� 

�r�a�t�e� �o�f� �c�e�l�l�u�l�o�s�e� �i�n� �t�h�e� �r�u�m�e�n� �(�3�7�)�,� �w�h�i�c�h� �m�a�y� �b�e� �a�l�t�e�r�e�d� �b�y� 

�g�r�a�i�n� �f�e�e�d�i�n�g� �(�7�2�,�1�8�3�)�.� 

�A�n�y� �i�n�c�r�e�a�s�e� �i�n� �p�r�o�d�u�c�t�i�o�n� �p�e�r� �a�n�i�m�a�l� �i�n�d�i�c�a�t�e�s� �a�n� 

�a�d�d�i�t�i�v�e� �e�f�f�e�c�t� �f�r�o�m� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n�,� �i�f� �c�o�n�v�e�r�s�i�o�n� �o�f� 

�c�o�n�c�e�n�t�r�a�t�e� �t�o� �g�a�i�n� �i�s� �n�o�t� �t�o�o� �a�f�f�e�c�t�e�d�.� �A�n� �e�x�p�e�r�i�m�e�n�t� �b�y� 

�C�o�l�e�m�a�n� �a�n�d� �a�s�s�o�c�i�a�t�e�s� �(�4�7�)� �i�l�l�u�s�t�r�a�t�e�s� �t�h�i�s� �a�s�p�e�c�t� �w�h�e�n� 

�s�t�e�e�r�s� �g�r�a�z�e�d� �m�o�d�e�r�a�t�e�l�y� �h�i�g�h�-�q�u�a�l�i�t�y� �S�t�.� �A�u�g�u�s�t�i�n�e� �g�r�a�s�s� 

�p�a�s�t�u�r�e�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �4�.�5� �k�g� �c�o�n�c�e�n�t�r�a�t�e� �p�e�r� �s�t�e�e�r� �d�a�i�l�y� 

�g�a�v�e� �a�n� �i�n�c�r�e�a�s�e� �i�n� �d�a�i�l�y� �g�a�i�n� �o�f� �.�2�5� �k�g�.� �A�n� �i�n�c�r�e�a�s�e�d� �g�a�i�n� 
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�p�e�r� �a�n�i�m�a�l� �i�n�d�i�c�a�t�e�s� �a�n� �a�d�d�i�t�i�v�e� �e�f�f�e�c�t�,� �w�h�i�l�e� �t�h�e� �p�o�o�r� 

�c�o�n�v�e�r�s�i�o�n� �o�f� �c�o�n�c�e�n�t�r�a�t�e� �t�o� �g�a�i�n� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �s�t�e�e�r�s� 

�m�u�s�t� �h�a�v�e� �r�e�d�u�c�e�d� �h�e�r�b�a�g�e� �c�o�n�s�u�m�p�t�i�o�n�.� 

�A�n�o�t�h�e�r� �p�r�o�b�l�e�m� �w�i�t�h� �p�a�s�t�u�r�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n�,� �u�n�l�e�s�s� 

�s�p�e�c�i�a�l� �p�r�e�c�a�u�t�i�o�n�s� �a�r�e� �t�a�k�e�n�,� �i�s� �t�h�a�t� �t�h�e� �a�m�o�u�n�t� �o�f� 

�s�u�p�p�l�e�m�e�n�t� �c�o�n�s�u�m�e�d� �b�y� �d�i�f�f�e�r�e�n�t� �a�n�i�m�a�l�s� �o�f�t�e�n� �i�s� �i�n�v�e�r�s�e�l�y� 

�r�e�l�a�t�e�d� �t�o� �a�n�i�m�a�l� �n�e�e�d�s� �(�4�,�1�8�7�)�.� �I�n� �g�e�n�e�r�a�l� �d�o�m�i�n�a�n�t� 

�a�n�i�m�a�l�s� �c�o�n�s�u�m�e� �m�o�r�e� �s�u�p�p�l�e�m�e�n�t� �t�h�a�n� �n�e�e�d�e�d�.� �T�h�i�s� �f�a�c�t� 

�e�m�p�h�a�s�i�z�e�s� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �a�d�o�p�t�i�n�g� �g�o�o�d� �m�a�n�a�g�e�m�e�n�t� 

�p�r�a�c�t�i�c�e�s� �w�h�e�n� �s�u�p�p�l�e�m�e�n�t�i�n�g� �g�r�a�z�i�n�g� �a�n�i�m�a�l�s�.� �G�r�a�z�i�n�g� 

�a�n�i�m�a�l�s� �s�h�o�u�l�d� �b�e� �s�u�p�p�l�e�m�e�n�t�e�d� �o�n�l�y� �w�h�e�n� �t�h�e� �p�r�a�c�t�i�c�e� �i�s� 

�p�r�o�f�i�t�a�b�l�e�.� �T�h�e�r�e�f�o�r�e�,� �c�r�i�t�i�c�a�l� �e�v�a�l�u�a�t�i�o�n� �m�u�s�t� �b�e� �m�a�d�e� �o�f� 

�b�o�t�h� �t�o� �g�r�a�z�i�n�g� �a�n�i�m�a�l�s� �(�4�6�)�.� �P�r�a�c�t�i�c�e�s� �f�o�r� �p�a�s�t�u�r�e� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �t�o� �a�c�h�i�e�v�e� �p�r�o�f�i�t�s� �a�r�e� �s�p�e�c�i�f�i�e�d� �b�y� 

�V�a�l�l�e�n�t�i�n�e� �(�2�9�2�)�.� 

�P�O�T�E�N�T�I�A�L� �P�R�O�B�L�E�M�S� �W�I�T�H� �P�A�S�T�U�R�E�S� 

�S�e�v�e�r�a�l� �p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m�s� �i�n� �p�a�s�t�u�r�e� �s�y�s�t�e�m�s� �h�a�v�e� �b�e�e�n� 

�r�e�p�o�r�t�e�d� �i�n� �l�i�t�e�r�a�t�u�r�e�.� �D�i�f�f�i�c�u�l�t�y� �o�f� �m�a�n�a�g�i�n�g� �p�a�s�t�u�r�e�s�,� 

�v�a�r�i�a�b�l�e� �s�e�a�s�o�n�a�l� �g�r�o�w�t�h� �o�f� �f�o�r�a�g�e� �p�l�a�n�t�s� �a�n�d� �l�i�t�t�l�e� �w�i�n�t�e�r� 

�g�r�a�z�i�n�g� �a�r�e� �c�o�m�m�o�n� �p�r�o�b�l�e�m�s� �w�i�t�h� �p�a�s�t�u�r�e� �i�n� �t�h�e� �U�S�A�.� �I�t� �i�s� 

�a�l�s�o� �d�i�f�f�i�c�u�l�t� �t�o� �e�s�t�i�m�a�t�e� �D�M� �i�n�t�a�k�e� �f�r�o�m� �p�a�s�t�u�r�e�.� 

�S�u�p�p�l�y�i�n�g� �a� �f�o�r�a�g�e� �t�h�a�t� �c�o�n�t�a�i�n�s� �1�5�%� �p�r�o�t�e�i�n� �a�n�d� �6�9�%� �T�D�N� �i�s� 
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�a�t�t�a�i�n�e�d� �f�o�r� �3� �t�o� �5� �m�o� �i�n� �a�n� �a�v�e�r�a�g�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n� �(�1�2�6�)�.� 

�H�e�i�f�e�r� �r�e�a�r�i�n�g� �s�y�s�t�e�m�s� �w�h�i�c�h� �r�e�l�y� �h�e�a�v�i�l�y� �o�n� �n�u�t�r�i�e�n�t�s� �f�r�o�m� 

�p�a�s�t�u�r�e� �h�a�v�e� �s�l�i�g�h�t�l�y� �l�o�w�e�r� �r�a�t�e�s� �o�f� �g�a�i�n� �t�h�a�n� �f�o�r� �d�r�y�l�o�t� 

�f�e�e�d�i�n�g�,� �w�h�i�c�h� �d�e�l�a�y�s� �f�i�r�s�t� �c�a�l�v�i�n�g� �t�o� �2�9� �o�r� �3�0� �m�o� �(�1�2�6�)�.� 

�L�o�s�s� �o�f� �s�p�e�c�i�e�s� �o�r� �s�t�a�n�d�s� �i�n� �m�i�x�e�d� �s�w�a�r�d�s� �m�a�y� �o�c�c�u�r� �f�r�o�m� 

�w�i�n�t�e�r�k�i�l�l�,� �d�o�m�i�n�a�n�c�e� �b�y� �a� �s�i�n�g�l�e� �s�p�e�c�i�e�s�,� �o�r� �w�e�e�d�y� �g�r�o�w�t�h� 

�a�n�d� �d�o�m�i�n�a�n�c�e� �(�t�h�e� �l�a�t�t�e�r� �o�c�c�u�r�r�i�n�g� �d�u�e� �t�o� �p�o�o�r� �m�a�n�a�g�e�m�e�n�t�)�.� 

�C�a�t�t�l�e� �g�r�a�z�i�n�g� �l�e�g�u�m�e�s� �a�s� �t�h�e� �d�o�m�i�n�a�n�t� �f�o�r�a�g�e� �c�o�m�m�o�n�l�y� 

�d�e�v�e�l�o�p� �b�l�o�a�t� �(�5�0�)�.� �L�o�s�s�e�s� �c�a�u�s�e�d� �b�y� �i�n�t�e�r�n�a�l� �a�n�d� �e�x�t�e�r�n�a�l� 

�p�a�r�a�s�i�t�e�s� �a�r�e� �a�n�o�t�h�e�r� �p�r�o�b�l�e�m�.� �O�t�h�e�r� �d�e�l�e�t�e�r�i�o�u�s� �e�f�f�e�c�t�s� 

�f�r�o�m� �p�a�s�t�u�r�e� �a�r�e� �d�e�s�c�r�i�b�e�d� �b�y� �R�e�i�d� �(�2�3�0�)�.� �M�a�j�o�r� �i�n�p�u�t�s� �f�o�r� 

�r�e�s�e�e�d�i�n�g�,� �f�e�r�t�i�l�i�z�i�n�g� �t�h�e� �s�w�a�r�d�s�,� �f�e�n�c�i�n�g�,� �b�a�r�n� �a�c�c�e�s�s� �a�n�d� 

�m�o�v�i�n�g� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �c�o�w�s� �o�n� �a�n�d� �o�u�t� �o�f� �p�a�s�t�u�r�e� �h�a�v�e� 

�b�e�e�n� �r�e�a�s�o�n�s� �a�g�a�i�n�s�t� �t�h�e� �u�s�e� �o�f� �p�a�s�t�u�r�e�s� �o�n� �d�a�i�r�y� �f�a�r�m�s�.� 

�P�A�S�T�U�R�E� �M�A�N�A�G�E�M�E�N�T� �I�N�T�E�G�R�A�T�E�D� �W�I�T�H� �D�R�Y�L�O�T� �F�E�E�D�I�N�G� 

�P�a�s�t�u�r�e� �f�e�e�d�i�n�g� �s�y�s�t�e�m�s� �m�u�s�t� �b�e� �i�n�t�e�n�s�i�v�e�l�y� �m�a�n�a�g�e�d� �t�o� 

�c�o�m�p�e�t�e� �w�i�t�h� �o�r� �r�e�d�u�c�e� �t�h�e� �o�v�e�r�a�l�l� �c�o�s�t�s� �o�f� �m�a�n�a�g�i�n�g� 

�c�o�n�f�i�n�e�m�e�n�t� �s�y�s�t�e�m�s� �f�o�r� �r�e�a�r�i�n�g� �d�a�i�r�y� �h�e�r�d� �r�e�p�l�a�c�e�m�e�n�t�s�.� 

�T�h�e� �s�e�a�s�o�n�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �p�a�s�t�u�r�e� �f�o�r�a�g�e� �p�r�o�d�u�c�t�i�o�n� �a�n�d� 

�s�e�a�s�o�n�a�l� �c�h�a�n�g�e�s� �i�n� �q�u�a�l�i�t�y� �a�r�e� �o�v�e�r�c�o�m�e� �b�y� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� 

�c�l�a�s�s�e�s� �o�f� �a�n�i�m�a�l�s� �h�a�v�i�n�g� �d�i�f�f�e�r�e�n�t� �n�e�e�d�s� �f�o�r� �d�i�g�e�s�t�i�b�l�e� 

�e�n�e�r�g�y� �t�o� �m�e�e�t� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �b�o�d�y� �m�a�i�n�t�e�n�a�n�c�e�,� 
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�m�u�s�c�u�l�a�r� �a�c�t�i�v�i�t�y�,� �g�r�o�w�t�h� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �(�2�6�,�1�1�6�,�3�1�3�)�.� �A� 

�d�a�i�r�y� �c�o�w� �p�r�o�d�u�c�i�n�g� �2�3� �k�g� �o�f� �m�i�l�k� �p�e�r� �d�a�y� �w�i�l�l� �n�e�e�d� �a�b�o�v�e� �7�5� 

�p�e�r�c�e�n�t� �d�i�g�e�s�t�i�b�l�e� �D�M�,� �w�h�e�r�e�a�s� �a� �d�r�y� �p�r�e�g�n�a�n�t� �b�e�e�f� �c�o�w� �t�o� 

�i�m�p�r�o�v�e� �b�o�d�y� �c�o�n�d�i�t�i�o�n�,� �r�e�q�u�i�r�e�s� �o�n�l�y� �5�2�%� �d�i�g�e�s�t�i�b�l�e� �d�r�y� 

�m�a�t�t�e�r� �(�2�6�,�2�3�6�)�.� �I�n�t�e�n�s�i�v�e� �m�e�t�h�o�d�s� �o�f� �g�r�a�z�i�n�g� �a�r�e� �u�s�e�d� �t�o� 

�c�o�n�t�r�o�l� �t�h�e� �r�e�s�p�o�n�s�e�s� �o�f� �b�o�t�h� �a�n�i�m�a�l�s� �a�n�d� �s�w�a�r�d� 

�(�2�7�,�1�7�4�,�1�7�5�,�1�9�0�)�.� �R�o�t�a�t�i�o�n�a�l� �g�r�a�z�i�n�g� �i�n�c�r�e�a�s�e�d� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �p�e�r� �h�e�c�t�a�r�e� �b�y� �g�r�a�z�i�n�g� �8� �t�o� �1�0�%� �b�u�t� �a�n�i�m�a�l� 

�r�e�s�p�o�n�s�e�s� �w�e�r�e� �s�i�m�i�l�a�r�,� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �c�o�n�t�i�n�u�o�u�s� �g�r�a�z�i�n�g� 

�(�2�6�,�2�7�,�1�7�5�)�.� �H�o�w�e�v�e�r�,� �i�n�d�i�v�i�d�u�a�l� �a�n�i�m�a�l� �p�e�r�f�o�r�m�a�n�c�e� �w�a�s� 

�b�e�t�t�e�r� �w�i�t�h� �c�o�n�t�i�n�u�o�u�s� �g�r�a�z�i�n�g� �t�h�a�n� �r�o�t�a�t�i�o�n�a�l� �g�r�a�z�i�n�g� 

�s�y�s�t�e�m�s� �(�5�)�.� 

�T�h�e� �p�a�s�t�u�r�e�-�a�n�i�m�a�l� �i�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p� �m�a�y� �b�e� �a�l�t�e�r�e�d� �t�o� 

�i�m�p�r�o�v�e� �p�r�o�d�u�c�t�i�o�n� �p�e�r� �h�e�c�t�a�r�e� �o�r� �p�e�r� �a�n�i�m�a�l� �t�o� �a�t�t�a�i�n� �t�h�e� 

�b�e�s�t� �p�r�o�f�i�t�.� �T�h�e� �o�p�t�i�m�u�m� �b�a�l�a�n�c�e� �b�e�t�w�e�e�n� �a�n�i�m�a�l�s� �a�n�d� 

�p�a�s�t�u�r�e� �i�s� �i�m�p�o�r�t�a�n�t� �w�h�e�n� �u�t�i�l�i�z�i�n�g� �p�a�s�t�u�r�e�s� �(�2�6�,�1�1�5�,� 

�1�9�0�,�2�9�2�)�.� �W�i�t�h�i�n� �a� �f�a�r�m� �t�h�e� �s�t�o�c�k�i�n�g� �d�e�n�s�i�t�i�e�s� �s�h�o�u�l�d� 

�c�h�a�n�g�e� �d�u�r�i�n�g� �t�h�e� �s�e�a�s�o�n� �t�o� �a�v�o�i�d� �o�v�e�r� �o�r� �u�n�d�e�r�g�r�a�z�i�n�g�.� 

�E�x�c�e�s�s� �o�f� �f�o�r�a�g�e� �d�u�r�i�n�g� �t�h�e� �f�l�u�s�h� �g�r�o�w�t�h� �i�n� �s�p�r�i�n�g� �s�h�o�u�l�d� �b�e� 

�h�a�r�v�e�s�t�e�d� �f�o�r� �h�a�y� �o�r� �s�i�l�a�g�e� �t�o� �i�m�p�r�o�v�e� �p�a�s�t�u�r�e� �q�u�a�l�i�t�y� �o�f� 

�t�h�e� �r�e�g�r�o�w�t�h�.� 

�I�n� �s�i�t�u�a�t�i�o�n�s� �w�h�e�r�e� �f�a�r�m�e�r�s� �w�a�n�t� �h�i�g�h� �o�u�t�p�u�t� �p�e�r� �a�n�i�m�a�l�,� 

�t�h�e�y� �w�i�l�l� �h�a�v�e� �t�o� �m�a�i�n�t�a�i�n� �a� �h�i�g�h� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �g�o�o�d� 
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�q�u�a�l�i�t�y� �f�o�r�a�g�e�.� �T�h�i�s� �o�p�t�i�o�n� �a�l�l�o�w�s� �t�h�e� �a�n�i�m�a�l�s� �t�o� �s�e�l�e�c�t� 

�y�o�u�n�g� �l�e�a�f�y� �m�a�t�e�r�i�a�l� �w�h�i�c�h� �i�s� �h�i�g�h� �i�n� �e�n�e�r�g�y� �a�n�d� �p�r�o�t�e�i�n�.� 

�O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �s�t�o�c�k�i�n�g� �d�e�n�s�i�t�y� �g�i�v�i�n�g� 

�b�e�t�t�e�r� �f�o�r�a�g�e� �u�t�i�l�i�z�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �h�i�g�h�e�r� �o�u�t�p�u�t� �p�e�r� �l�a�n�d� 

�a�r�e�a�.� �M�a�x�i�m�u�m� �o�u�t�p�u�t� �p�e�r� �a�n�i�m�a�l� �a�n�d� �u�n�i�t� �o�f� �a�r�e�a� �c�a�n� �n�o�t� �b�e� 

�o�b�t�a�i�n�e�d� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �(�2�6�,�1�6�7�,�2�9�0�,�3�1�3�)�.� 

�E�S�T�I�M�A�T�E�S� �O�F� �H�E�R�B�A�G�E� �Q�U�A�L�I�T�Y� �A�N�D� �I�N�T�A�K�E� 

�U�n�d�e�r� �g�r�a�z�i�n�g� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �a�n�i�m�a�l� �h�a�s� �a�c�c�e�s�s� �t�o� �m�a�n�y� 

�p�l�a�n�t� �s�p�e�c�i�e�s� �t�o� �s�e�l�e�c�t� �f�r�o�m�.� �T�h�e� �d�i�e�t� �s�e�l�e�c�t�e�d� �b�y� �t�h�e� 

�a�n�i�m�a�l� �m�a�y� �v�a�r�y� �i�n� �c�h�e�m�i�c�a�l� �a�n�d� �p�h�y�s�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� 

�M�a�n�u�a�l�l�y� �s�a�m�p�l�e�d� �f�o�r�a�g�e� �f�r�o�m� �a� �s�w�a�r�d� �m�a�y� �n�o�t� �b�e� �s�i�m�i�l�a�r� �t�o� 

�t�h�a�t� �s�e�l�e�c�t�e�d� �b�y� �t�h�e� �a�n�i�m�a�l�.� �H�a�r�d�i�s�o�n� �e�t� �a�l�.� �(�1�0�8�)�,� �f�o�u�n�d� 

�t�h�a�t� �t�h�e� �a�v�e�r�a�g�e� �d�i�e�t� �s�e�l�e�c�t�e�d� �b�y� �g�r�a�z�i�n�g� �a�n�i�m�a�l�s� �f�r�o�m� �2�3� 

�s�w�a�r�d�s� �r�e�p�r�e�s�e�n�t�i�n�g� �a� �v�a�r�i�e�t�y� �o�f� �p�l�a�n�t�s� �a�n�d� �g�r�o�w�t�h� �s�t�a�g�e�s� 

�c�o�n�t�a�i�n�e�d� �2�3�%� �m�o�r�e� �c�r�u�d�e� �p�r�o�t�e�i�n�,� �3�7�%� �m�o�r�e� �f�a�t�,� �2�6�%� �m�o�r�e� 

�a�s�h�,� �a�n�d� �1�7�%� �l�e�s�s� �c�r�u�d�e� �f�i�b�e�r� �t�h�a�n� �t�h�e� �g�r�a�z�a�b�l�e� �h�e�r�b�a�g�e� �f�r�o�m� 

�t�h�e� �s�a�m�e� �s�w�a�r�d�s� �c�u�t� �a� �h�e�i�g�h�t� �o�f� �5� �c�m�.� �C�a�b�l�e� �a�n�d� �S�h�u�m�w�a�y� 

�(�3�6�)� �c�o�l�l�e�c�t�e�d� �d�a�t�a� �o�n� �s�e�m�i�a�r�i�d� �g�r�a�s�s�l�a�n�d� �r�a�n�g�e� �d�u�r�i�n�g� �a� �2�.�5� 

�y�r� �p�e�r�i�o�d�.� �T�h�e� �r�u�m�e�n� �p�r�o�t�e�i�n� �v�a�r�i�e�d� �f�r�o�m� �1�.�5� �t�o� �2�.�9� �t�i�m�e�s� 

�t�h�a�t� �o�f� �t�h�e� �c�l�i�p�p�e�d� �g�r�a�s�s� �s�a�m�p�l�e�s�.� �B�e�c�a�u�s�e� �o�f� �s�e�l�e�c�t�i�v�e� 

�g�r�a�z�i�n�g�,� �i�n�d�i�r�e�c�t� �m�e�t�h�o�d�s� �t�o� �m�e�a�s�u�r�e� �f�o�r�a�g�e� �q�u�a�l�i�t�y� 

�(�c�h�e�m�i�c�a�l� �c�o�m�p�o�s�i�t�i�o�n�,� �d�i�g�e�s�t�i�b�i�l�i�t�y� �o�f� �f�o�r�a�g�e� �c�o�n�s�t�i�t�u�e�n�t�s� 

�a�n�d� �i�n�t�a�k�e�)� �m�a�y� �c�i�r�c�u�m�v�e�n�t� �t�h�e� �m�a�n�u�a�l� �s�a�m�p�l�i�n�g� �e�r�r�o�r� �(�2�3�1�)�,� 
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�b�u�t� �a�l�s�o� �i�n�t�r�o�d�u�c�e�s� �o�t�h�e�r� �s�o�u�r�c�e�s� �o�f� �e�r�r�o�r� 

�(�1�2�,�5�6�,�5�7�,�1�4�9�,�1�5�0�)�.� 

�R�e�i�d� �(�2�3�1�)� �h�a�s� �p�r�o�p�o�s�e�d� �t�w�o� �i�n�d�i�c�a�t�o�r� �m�e�t�h�o�d�s� �t�o� �m�e�a�s�u�r�e� 

�f�o�r�a�g�e� �d�i�g�e�s�t�i�b�i�l�i�t�y�.� �T�h�e� �r�a�t�i�o� �t�e�c�h�n�i�q�u�e� �u�s�e�s� �a� �n�a�t�u�r�a�l�l�y� 

�o�c�c�u�r�r�i�n�g�,� �i�n�d�i�g�e�s�t�i�b�l�e� �i�n�d�i�c�a�t�o�r� �w�h�i�c�h� �c�a�n� �b�e� �d�e�t�e�r�m�i�n�e�d� �i�n� 

�b�o�t�h� �t�h�e� �h�e�r�b�a�g�e� �a�n�d� �f�e�c�e�s�.� �I�n� �t�h�e� �s�e�c�o�n�d� �m�e�t�h�o�d�,� �t�h�e� �f�e�c�a�l� 

�-�i�n�d�e�x� �t�e�c�h�n�i�q�u�e�,� �t�h�e� �i�n�d�i�c�a�t�o�r� �d�o�e�s� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �n�e�e�d� �t�o� 

�b�e� �i�n�d�i�g�e�s�t�i�b�l�e� �a�n�d� �i�s� �m�e�a�s�u�r�e�d� �o�n�l�y� �i�n� �t�h�e� �f�e�c�e�s�.� �N�i�t�r�o�g�e�n� 

�(�1�4�8�,�1�4�9�,�2�2�9�)� �a�n�d� �p�l�a�n�t� �c�h�r�o�m�o�g�e�n�s� �(�2�3�1�)� �a�r�e� �e�m�p�l�o�y�e�d� �a�s� 

�f�e�c�a�l� �i�n�d�i�c�a�t�o�r�s�.� �F�e�c�a�l� �n�i�t�r�o�g�e�n� �i�s� �d�i�r�e�c�t�l�y� �r�e�l�a�t�e�d� �t�o� �b�o�t�h� 

�i�n�t�a�k�e� �a�n�d� �d�i�g�e�s�t�i�b�i�l�i�t�y� �o�f� �t�h�e� �f�o�r�a�g�e� �a�n�d� �i�s� �g�e�n�e�r�a�l�l�y� 

�c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �d�i�e�t�a�r�y� �n�i�t�r�o�g�e�n� �(�2�4�6�)�.� �T�h�e� �b�a�s�i�s� �f�o�r� �u�s�i�n�g� 

�n�i�t�r�o�g�e�n� �a�s� �a�n� �i�n�d�i�c�a�t�o�r� �o�f� �d�i�g�e�s�t�i�b�i�l�i�t�y� �c�a�m�e� �f�r�o�m� 

�o�b�s�e�r�v�a�t�i�o�n�s� �m�a�d�e� �b�y� �G�a�l�l�u�p� �a�n�d� �B�r�i�g�g�s� �(�8�5�)�,� �a�n�d� �L�a�n�c�a�s�t�e�r� 

�(�1�4�8�)�.� �T�h�e�y� �s�h�o�w�e�d� �t�h�a�t� �t�h�e�r�e� �w�a�s� �a� �d�e�f�i�n�i�t�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �f�e�c�a�l� �N�,� �f�o�r�a�g�e� �n�i�t�r�o�g�e�n�,� �a�n�d� �d�i�g�e�s�t�i�b�i�l�i�t�y� �o�f� �d�r�y� 

�m�a�t�t�e�r�.� �F�o�r�b�e�s� �(�8�0�)�,� �h�o�w�e�v�e�r�,� �c�o�u�l�d� �n�o�t� �f�i�n�d� �a�n�y� �s�i�g�n�i�f�i�c�a�n�t� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �n�i�t�r�o�g�e�n� �e�x�c�r�e�t�e�d� �i�n� �f�e�c�e�s� �a�n�d� �t�h�e� 

�p�r�o�t�e�i�n� �c�o�n�t�e�n�t� �o�f� �f�r�e�s�h�l�y� �c�l�i�p�p�e�d� �K�e�n�t�u�c�k�y� �b�l�u�e�g�r�a�s�s� �f�e�d� �t�o� 

�g�r�a�d�e� �H�e�r�e�f�o�r�d� �s�t�e�e�r�s�.� �S�c�h�n�e�i�d�e�r� �e�t� �a�l�.� �(�2�4�7�)� �w�i�t�h� �s�h�e�e�p� 

�g�r�a�z�i�n�g� �a� �p�e�r�m�a�n�e�n�t� �p�a�s�t�u�r�e� �c�o�n�t�a�i�n�i�n�g� �p�r�e�d�o�m�i�n�a�n�t�l�y� 

�o�r�c�h�a�r�d�g�r�a�s�s� �w�i�t�h� �s�o�m�e� �c�h�e�a�t�g�r�a�s�s� �(�B�r�o�m�u�s� �t�e�c�t�o�r�u�m�)�,� �f�o�u�n�d� 

�S�i�m�i�l�a�r� �c�o�e�f�f�i�c�i�e�n�t�s� �o�f� �D�M� �d�i�g�e�s�t�i�b�i�l�i�t�y� �f�o�r� �b�o�t�h� �f�e�c�a�l� �N� �a�s� 

�s�u�g�g�e�s�t�e�d� �b�y� �L�a�n�c�a�s�t�e�r� �(�1�4�8�)� �a�n�d� �c�h�r�o�m�o�g�e�n�s� �t�e�c�h�n�i�q�u�e� �(�2�3�1�)�.� 
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�A�r�n�o�l�d� �a�n�d� �D�u�d�z�i�n�s�k�i� �(�1�2�)�,� �p�o�i�n�t� �o�u�t� �t�w�o� �e�r�r�o�r�s� �i�n� �t�h�e� 

�p�r�e�d�i�c�t�i�o�n� �o�f� �i�n�t�a�k�e� �o�f� �g�r�a�z�i�n�g� �a�n�i�m�a�l�s� �f�r�o�m� �r�e�g�r�e�s�s�i�o�n� 

�e�q�u�a�t�i�o�n�s� �r�e�l�a�t�i�n�g� �f�e�c�a�l� �n�i�t�r�o�g�e�n� �a�n�d� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �i�n�t�a�k�e�.� 

�E�r�r�o�r�s� �w�e�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n� �a�n�d� 

�e�r�r�o�r�s� �w�e�r�e� �i�n�v�o�l�v�e�d� �i�n� �a�p�p�l�y�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�s� �t�o� �a�n�i�m�a�l�s� �i�n� 

�t�h�e� �f�i�e�l�d�.� �N�i�n�e�t�y� �p�e�r�c�e�n�t� �o�f� �t�h�e� �e�r�r�o�r�s� �a�s�s�o�c�i�a�t�e�d� �b�e�t�w�e�e�n� 

�d�i�g�e�s�t�i�b�i�l�i�t�y� �a�n�d� �n�i�t�r�o�g�e�n� �f�o�r� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �h�e�r�b�a�g�e�s� �w�e�r�e� 

�a�t�t�r�i�b�u�t�e�d� �t�o� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �f�e�e�d�s�t�u�f�f�s� �d�u�e� �t�o� �t�h�e� �e�f�f�e�c�t� 

�o�f� �s�p�e�c�i�e�s�,� �s�e�a�s�o�n�,� �s�t�a�g�e� �o�f� �g�r�o�w�t�h� �a�n�d� �f�e�r�t�i�l�i�z�e�r� 

�t�r�e�a�t�m�e�n�t�s�.� �O�n�l�y� �1�0�%� �o�f� �t�h�e� �e�r�r�o�r� �w�a�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�a�n�i�m�a�l� �v�a�r�i�a�t�i�o�n� �a�n�d� �e�x�p�e�r�i�m�e�n�t�a�l� �e�r�r�o�r� �(�1�8�4�)�.� �T�h�e�s�e� 

�s�o�u�r�c�e�s� �o�f� �v�a�r�i�a�t�i�o�n� �d�e�t�e�r�m�i�n�e� �t�h�e� �p�r�e�c�i�s�i�o�n� �o�f� �t�h�e� 

�p�r�e�d�i�c�t�i�o�n� �e�q�u�a�t�i�o�n�.� 

�R�e�c�e�n�t�l�y�,� �K�o�t�h�m�a�n�n� �a�n�d� �H�i�n�n�a�n�t� �(�1�4�7�)� �h�a�v�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� 

�f�e�c�a�l� �n�i�t�r�o�g�e�n� �s�h�o�w�s� �g�r�e�a�t� �p�r�o�m�i�s�e� �a�s� �a� �r�e�l�i�a�b�l�e�,� �r�a�p�i�d�,� 

�i�n�e�x�p�e�n�s�i�v�e� �i�n�d�i�c�a�t�o�r� �f�o�r� �m�o�n�i�t�o�r�i�n�g� �n�u�t�r�i�e�n�t� �i�n�t�a�k�e� �o�f� 

�g�r�a�z�i�n�g� �a�n�i�m�a�l�s�.� �A�n�d�e�r�s�o�n� �(�1�0�)� �s�u�g�g�e�s�t�e�d� �a� �d�i�e�t�a�r�y� 

�e�v�a�l�u�a�t�i�o�n� �o�f� �f�o�r�a�g�e� �q�u�a�n�t�i�t�y� �a�n�d� �q�u�a�l�i�t�y� �f�o�r� �t�h�e� �g�r�a�z�i�n�g� 

�a�n�i�m�a�l� �c�o�m�i�n�g� �f�r�o�m� �a�n� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �a�n�i�m�a�l� �i�t�s�e�l�f�.� �T�h�e� 

�r�e�a�s�o�n�i�n�g� �b�e�h�i�n�d� �h�i�s� �t�h�e�o�r�y� �w�a�s� �t�h�a�t� �d�i�e�t�a�r�y� �e�f�f�e�c�t�s� �a�r�e� 

�e�x�p�r�e�s�s�e�d� �t�h�r�o�u�g�h� �t�h�e� �a�n�i�m�a�l� �e�i�t�h�e�r� �a�s� �g�r�o�w�t�h� �o�r� �p�r�o�d�u�c�t�i�o�n�.� 

�S�e�a�r�l�e� �e�t� �a�l�.� �(�2�4�9�)� �s�u�g�g�e�s�t� �t�h�a�t� �e�v�a�l�u�a�t�i�o�n�s� �b�e� �b�a�s�e�d� �o�n� 

�c�o�n�t�i�n�u�o�u�s� �m�e�a�s�u�r�e�m�e�n�t�s� �o�n� �t�h�e� �s�a�m�e� �a�n�i�m�a�l� �(�l�o�n�g�i�t�u�d�i�n�a�l� 
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�d�a�t�a�)�.� �S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� �f�o�r� �s�u�c�h� �e�v�a�l�u�a�t�i�o�n�s� �c�a�n� �b�e� 

�m�a�d�e� �b�y� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n� �s�p�l�i�t�-�p�l�o�t� �d�e�s�i�g�n�s� �(�9�3�)�.� 

�H�e�r�b�a�g�e� �i�n�t�a�k�e� �b�y� �g�r�a�z�i�n�g� �r�u�m�i�n�a�n�t�s� 

�R�e�g�u�l�a�t�i�o�n� �o�f� �f�e�e�d� �i�n�t�a�k�e� �i�n� �r�u�m�i�n�a�n�t�s� �i�s� �a� �c�o�n�s�e�q�u�e�n�c�e� 

�o�f� �c�o�m�p�l�e�x� �m�e�c�h�a�n�i�s�m�s�.� �V�o�l�u�n�t�a�r�y� �f�e�e�d� �i�n�t�a�k�e� �b�y� �r�u�m�i�n�a�n�t�s� 

�u�s�u�a�l�l�y� �i�s� �p�a�r�t�i�t�i�o�n�e�d� �i�n�t�o� �p�h�y�s�i�c�a�l� �a�n�d� �m�e�t�a�b�o�l�i�c� �c�o�n�t�r�o�l�s� 

�(�4�8�)�.� �M�e�i�j�s� �(�1�7�6�)� �d�e�s�c�r�i�b�e�s� �o�t�h�e�r� �f�a�c�t�o�r�s� �t�h�a�t� �c�o�n�t�r�o�l� �f�e�e�d� 

�v�o�l�u�n�t�a�r�y� �f�e�e�d� �i�n�t�a�k�e� �o�f� �g�r�a�z�i�n�g� �a�n�i�m�a�l�s� �a�r�e� �a�s� �f�r�o�m�:� �1�)� 

�a�n�i�m�a�l� �f�a�c�t�o�r�s� �(�a�g�e�,� �B�W�,� �p�r�e�g�n�a�n�c�y�,� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�a�t�e� �a�n�d� 

�a�n�i�m�a�l� �c�o�n�d�i�t�i�o�n�)�;� �2�)� �p�l�a�n�t� �f�a�c�t�o�r�s� �(�s�p�e�c�i�e�s�,� �d�i�g�e�s�t�i�b�i�l�i�t�y�,� 

�c�h�e�m�i�c�a�l� �c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �s�t�a�g�e� �o�f� �g�r�o�w�t�h�)�;� �a�n�d� �3�)� �m�a�n�a�g�e�m�e�n�t� 

�(�D�M� �a�l�l�o�w�a�n�c�e�,� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n�,� �N� �f�e�r�t�i�l�i�z�a�t�i�o�n�,� �c�l�i�m�a�t�e�,� 

�s�e�a�s�o�n� �a�n�d� �g�r�a�z�i�n�g� �s�y�s�t�e�m�)�.� �A� �r�e�v�i�e�w� �o�f� �m�e�c�h�a�n�i�s�m�s� 

�r�e�g�u�l�a�t�i�n�g� �f�e�e�d� �i�n�t�a�k�e� �i�n� �r�u�m�i�n�a�n�t�s� �w�i�t�h� �e�m�p�h�a�s�i�s� �o�n� �g�r�a�z�i�n�g� 

�d�a�i�r�y� �c�o�w�s� �w�a�s� �m�a�d�e� �b�y� �M�e�i�j�s� �(�1�7�6�)� �a�n�d� �W�e�s�t�o�n� �a�n�d� �P�o�p�p�i� 

�(�3�0�7�)� �f�o�r� �h�e�r�b�i�v�o�r�e�s� �i�n� �g�e�n�e�r�a�l�.� �M�e�i�j�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� 

�a�v�a�i�l�a�b�l�e� �f�o�r�a�g�e� �i�n�f�l�u�e�n�c�e�s� �h�e�r�b�a�g�e� �i�n�t�a�k�e�.� �O�t�h�e�r� �f�e�a�t�u�r�e�s� 

�a�r�e� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �s�w�a�r�d�,� �f�e�c�e�s� �c�o�n�t�a�m�i�n�a�t�i�o�n� �a�n�d� �m�i�l�k� 

�p�r�o�d�u�c�t�i�o�n�.� �C�o�n�c�e�n�t�r�a�t�e� �s�u�p�p�l�e�m�e�n�t�s� �d�e�c�r�e�a�s�e� �h�e�r�b�a�g�e� �i�n�t�a�k�e� 

�b�y� �a�b�o�u�t� �.�4� �t�o� �.�6� �k�g� �D�M�/�k�g� �c�o�n�c�e�n�t�r�a�t�e�,� �a�t� �a� �s�u�p�p�l�y� �o�f� �2�.�4� 

�k�g� �c�o�n�c�e�n�t�r�a�t�e�,� �w�h�e�n� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� �a�v�a�i�l�a�b�l�e� �h�e�r�b�a�g�e� �i�s� 

�n�o�t� �a� �l�i�m�i�t�i�n�g� �f�a�c�t�o�r�.� 
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�E�s�t�i�m�a�t�i�o�n� �o�f� �h�e�r�b�a�g�e� �i�n�t�a�k�e� �o�f� �g�r�a�z�i�n�g� �r�u�m�i�n�a�n�t�s�.� 

�D�i�f�f�e�r�e�n�t� �t�e�c�h�n�i�q�u�e�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� 

�v�o�l�u�n�t�a�r�y� �f�e�e�d� �i�n�t�a�k�e� �o�f� �g�r�a�z�i�n�g� �r�u�m�i�n�a�n�t�s�.� �D�i�r�e�c�t� �m�e�t�h�o�d�s� 

�u�s�e� �t�h�e� �h�e�r�b�a�g�e� �y�i�e�l�d�s� �c�u�t� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �a� �g�r�a�z�i�n�g� �p�e�r�i�o�d� 

�p�e�r� �u�n�i�t� �l�a�n�d� �a�r�e�a�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �i�s� �a�s�s�u�m�e�d� �t�o� �r�e�p�r�e�s�e�n�t� 

�f�e�e�d� �i�n�t�a�k�e�.� �D�e�s�t�r�u�c�t�i�v�e� �o�r� �n�o�n�-�d�e�s�t�r�u�c�t�i�v�e� �t�e�c�h�n�i�q�u�e�s� �a�r�e� 

�u�s�e�d� �t�o� �q�u�a�n�t�i�f�y� �h�e�r�b�a�g�e� �y�i�e�l�d�s�.� 

�I�n�d�i�r�e�c�t� �m�e�t�h�o�d�s� �m�a�k�e� �u�s�e� �o�f� �t�h�e� �a�n�i�m�a�l� �t�o� �q�u�a�n�t�i�f�y� 

�o�r�g�a�n�i�c� �m�a�t�t�e�r� �(�O�M�)� �o�r� �D�M� �i�n� �f�e�c�e�s� �o�r� �e�x�t�r�u�s�a� �i�n� �a� �g�i�v�e�n� 

�p�e�r�i�o�d� �o�f� �t�i�m�e� �a�n�d� �t�h�e� �a�p�p�a�r�e�n�t� �d�i�g�e�s�t�i�b�i�l�i�t�y� �(�D�)� �o�f� �t�h�e� �O�M� 

�o�r� �D�M� �o�f� �h�e�r�b�a�g�e� �i�n�g�e�s�t�e�d� �i�s� �e�s�t�i�m�a�t�e�d�.� �I�n�t�a�k�e� �i�s� �d�i�v�i�d�i�n�g� 

�b�y� �f�e�c�a�l� �e�s�t�i�m�a�t�e�d� �p�r�o�d�u�c�t�i�o�n� �b�y� �t�h�e� �i�n�d�i�g�e�s�t�i�b�i�l�i�t�y� �(�1�-�D�)�.� 

�E�x�t�e�n�s�i�v�e� �r�e�v�i�e�w�s� �h�a�v�e� �a�n�a�l�y�z�e�d� �t�h�e� �f�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �t�h�e� 

�p�r�e�c�i�s�i�o�n� �a�n�d� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e�s�e� �t�e�c�h�n�i�q�u�e�s� �(�3�,�5�6�,�5�7�,�1�1�6�,� 

�2�6�9�)�.� 

�T�h�e� �f�e�c�a�l� �i�n�d�e�x� �t�e�c�h�n�i�q�u�e� �w�h�i�c�h� �p�r�e�d�i�c�t�s �� �t�h�e� 

�d�i�g�e�s�t�i�b�i�l�i�t�y� �f�r�o�m� �t�h�e� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �f�e�c�e�s� �h�a�s� �b�e�e�n� 

�u�s�e�d� �w�i�t�h� �s�u�c�c�e�s�s� �(�1�2�,�1�4�9�,�1�5�0�)�.� �I�t�s� �r�e�l�i�a�b�i�l�i�t�y� �d�e�p�e�n�d�s� �o�n� 

�t�h�e� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s�;� �e�r�r�o�r�s� �w�i�t�h� 

�e�q�u�a�t�i�o�n�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �i�n�d�o�o�r�s� �f�e�e�d�i�n�g�,� �a�n�d� �g�e�t�t�i�n�g� 

�r�e�p�r�e�s�e�n�t�a�t�i�v�e� �f�e�c�a�l� �s�a�m�p�l�e�s�.� �A� �m�o�r�e� �p�r�e�c�i�s�e� �t�e�c�h�n�i�q�u�e� �u�s�e�s� 

�g�r�a�z�i�n�g� �b�e�h�a�v�i�o�r� �m�e�t�h�o�d� �(�1�7�9�)�,� �w�h�e�r�e� �i�n�t�a�k�e� �(�I�)� �b�y� �g�r�a�z�i�n�g� 
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�a�n�i�m�a�l�s� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�i�m�e� �s�p�e�n�t� �e�a�t�i�n�g� �(�T� �)�,� �n�u�m�b�e�r� �o�f� 

�b�i�t�e�s� �p�e�r� �u�n�i�t� �o�f� �t�i�m�e� �(�R�)� �a�n�d� �t�h�e� �a�v�e�r�a�g�e� �s�i�z�e� �o�f� �e�a�c�h� �b�i�t�e� 

�(�B�)� �a�n�d� �i�n�t�a�k�e� �i�s� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �f�o�r�m�u�l�a�:� �I� �=� �B�x�R�x�T�.� 

�H�o�w�e�v�e�r�,� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �e�a�c�h� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �i�s� 

�d�i�f�f�i�c�u�l�t� �a�n�d� �r�e�q�u�i�r�e�s� �a� �s�p�e�c�i�a�l� �r�e�c�o�r�d�i�n�g� �a�p�p�a�r�a�t�u�s�.� 

�G�R�O�W�T�H� �P�R�O�M�O�T�A�N�T�S� �F�O�R� �R�U�M�I�N�A�N�T�S� 

�A� �s�u�r�v�e�y� �o�f� �c�h�e�m�i�c�a�l� �a�g�e�n�t�s� �a�n�d� �t�h�e�i�r� �e�f�f�e�c�t�s� �o�n� 

�f�e�r�m�e�n�t�a�t�i�v�e� �a�n�d� �h�y�d�r�o�l�y�t�i�c� �d�i�g�e�s�t�i�o�n� �w�a�s� �c�o�n�d�u�c�t�e�d� �b�y� 

�C�h�a�l�u�p�a� �(�4�0�)�.� �P�a�r�t�i�a�l�l�y� �h�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t�:� �c�e�r�t�a�i�n� �c�h�e�m�i�c�a�l� 

�a�g�e�n�t�s� �i�n�c�r�e�a�s�e� �c�a�r�c�a�s�s� �r�e�t�e�n�t�i�o�n� �o�f� �e�n�e�r�g�y� �a�n�d� �p�r�o�t�e�i�n� �b�y� 

�d�e�c�r�e�a�s�i�n�g� �l�o�s�s�e�s� �i�n� �t�h�e� �r�u�m�e�n� �a�n�d� �i�n�c�r�e�a�s�i�n�g� �t�o�t�a�l� �t�r�a�c�t� 

�G�i�g�e�s�t�i�b�i�l�i�t�y�.� �T�h�e� �r�u�m�e�n� �m�i�c�r�o�b�i�a�l� �p�o�p�u�l�a�t�i�o�n� �c�h�a�n�g�e�s�.� �F�e�e�d� 

�r�e�t�e�n�t�i�o�n� �t�i�m�e� �i�n� �t�h�e� �r�u�m�e�n� �i�s� �i�n�c�r�e�a�s�e�d�,� �l�e�s�s� �m�e�t�h�a�n�e� �i�s� 

�p�r�o�d�u�c�e�d� �a�n�d� �h�i�g�h� �p�r�o�p�i�o�n�a�t�e� �f�o�r�m�a�t�i�o�n� �i�n�c�r�e�a�s�e�s� �f�o�o�d� �e�n�e�r�g�y� 

�e�f�f�i�c�i�e�n�c�y�;� �r�u�m�i�n�a�l� �d�i�g�e�s�t�i�o�n� �o�f� �p�r�o�t�e�i�n� �a�n�d� �a�m�i�n�o� �a�c�i�d�s� 

�d�e�c�r�e�a�s�e�s� �a�n�d� �m�o�r�e� �d�i�e�t�a�r�y� �p�r�o�t�e�i�n� �e�s�c�a�p�e�s� �t�h�e� �r�u�m�e�n�.� 

�R�e�s�p�o�n�s�e�s� �i�n� �g�r�o�w�t�h� �a�n�d� �f�e�e�d� �e�f�f�i�c�i�e�n�c�y� �m�a�y� �b�e� �a�d�d�i�t�i�v�e� �w�h�e�n� 

�c�h�e�m�i�c�a�l� �a�g�e�n�t�s� �a�r�e� �c�o�m�b�i�n�e�d�;� �a�n�d�,� �n�i�t�r�o�g�e�n� �t�r�a�n�s�a�c�t�i�o�n�s� �i�n� 

�t�h�e� �r�u�m�e�n� �a�r�e� �a�f�f�e�c�t�e�d� �a�n�d� �p�r�o�m�o�t�e� �g�r�e�a�t�e�r� �r�e�s�p�o�n�s�e�s� �w�i�t�h� 

�d�i�e�t�s� �c�o�n�t�a�i�n�i�n�g� �m�a�r�g�i�n�a�l� �l�e�v�e�l�s� �o�f� �p�r�o�t�e�i�n� �(�p�r�o�t�e�i�n� �s�p�a�r�i�n�g� 

�e�f�f�e�c�t�)�.� 
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�L�a�s�s�i�t�e�r� �(�1�5�3�)� �f�o�u�n�d� �t�h�a�t� �a�n�t�i�b�i�o�t�i�c�s� �a�d�m�i�n�i�s�t�e�r�e�d� �e�a�r�l�y� 

�i�n� �l�i�f�e� �b�e�n�e�f�i�t� �y�o�u�n�g� �d�a�i�r�y� �c�a�l�v�e�s�.� �T�h�e� �p�o�s�i�t�i�v�e� �r�e�s�p�o�n�s�e� 

�i�s� �d�u�e� �t�o� �a�n� �i�n�c�r�e�a�s�e�d� �f�e�e�d� �i�n�t�a�k�e� �a�n�d� �g�r�o�w�t�h�,� �a�n�d� �a�l�s�o� �b�y� 

�t�h�e� �p�r�e�v�e�n�t�i�o�n� �o�f� �d�i�a�r�r�h�e�a� �(�1�5�3�)�,� �M�o�r�r�i�l�l� �e�t� �a�l�.� �(�1�8�8�)�,� 

�c�i�t�e�d� �i�n� �N�R�C�,� �(�1�9�8�)�.� 

�I�o�n�o�p�h�o�r�e�s� �b�e�c�a�m�e� �f�e�e�d� �a�d�d�i�t�i�v�e�s� �b�e�c�a�u�s�e� �t�h�e�y� �w�e�r�e� 

�a�n�t�i�c�o�c�c�i�d�i�a�l� �a�n�d� �t�h�e�i�r� �u�s�e� �d�u�r�i�n�g� �a� �3�0� �d�a� �p�e�r�i�o�d� �r�e�s�u�l�t�e�d� �i�n� 

�a�l�m�o�s�t� �z�e�r�o� �c�o�c�c�i�d�i�a�l� �l�o�a�d�s� �(�2�0�8�)�.� �I�o�n�o�p�h�o�r�e�s� �e�n�h�a�n�c�e� 

�e�n�e�r�g�e�t�i�c� �e�f�f�i�c�i�e�n�c�y� �b�y� �t�h�e�i�r� �m�i�c�r�o�b�i�a�l� �e�f�f�e�c�t� �i�n� �t�h�e� 

�d�i�g�e�s�t�i�v�e� �t�r�a�c�t� �(�4�0�,�2�4�2�)�.� �T�h�e�y� �i�n�c�r�e�a�s�e� �f�e�e�d� �e�f�f�i�c�i�e�n�c�y� �a�n�d� 

�g�r�o�w�t�h� �r�a�t�e�s� �(�9�6�,�3�1�7�)�,� �i�n�c�r�e�a�s�e� �c�y�c�l�i�n�g� �a�n�d� �i�m�p�r�o�v�e� 

�p�r�e�g�n�a�n�c�y� �r�a�t�e� �i�n� �b�e�e�f� �c�a�t�t�l�e� �(�3�1�3�)�,� �a�n�d� �d�a�i�r�y� �h�e�i�f�e�r�s� �(�1�7�)�.� 

�M�o�d�e�s� �o�f� �a�c�t�i�o�n�,� �m�e�t�a�b�o�l�i�c� �e�f�f�e�c�t�s�,� �m�i�n�e�r�a�l� 

�i�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p�s�,� �a�n�d� �e�f�f�e�c�t�s� �o�n� �p�e�r�f�o�r�m�a�n�c�e� �h�a�v�e� �b�e�e�n� 

�e�x�t�e�n�s�i�v�e�l�y� �r�e�v�i�e�w�e�d� �b�y� �2�4�,�3�9�,�6�8�,�9�1�,�9�6�,�1�1�9�,�2�0�8�,�2�2�1�,�2�4�5�,�2�8�5�.� 

�M�o�n�e�n�s�i�n� �a�n�d� �l�a�s�a�l�o�c�i�d� �w�e�r�e� �c�l�e�a�r�e�d� �b�y� �t�h�e� �F�o�o�d� �a�n�d� �D�r�u�g� 

�A�d�m�i�n�i�s�t�r�a�t�i�o�n� �a�s� �n�e�w� �a�n�i�m�a�l� �d�r�u�g�s� �f�o�r� �b�e�e�f� �c�a�t�t�l�e� �i�n� 

�J�a�n�u�a�r�y�,� �1�9�7�6�,� �a�n�d� �O�c�t�o�b�e�r�,� �1�9�8�2�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�9�4�)�,� �a�n�d� �f�o�r� 

�d�a�i�r�y� �h�e�r�d� �r�e�p�l�a�c�e�m�e�n�t�s� �s�i�n�c�e� �J�a�n�u�a�r�y�,� �1�9�8�8� �N�R�C�,� �(�1�9�8�)�.� 

�I�o�n�o�p�h�o�r�e�s� �a�r�e� �p�r�o�d�u�c�e�d� �b�y� �y�e�a�s�t�s� �(�2�0�8�)� �a�n�d� �a�r�e� �c�a�r�b�o�x�y�l�i�c� 

�p�o�l�y�e�t�h�e�r� �a�n�t�i�b�i�o�t�i�c�s� �(�2�4�)�.� �B�y� �b�i�n�d�i�n�g� �w�i�t�h� �a� �p�o�l�a�r� 

�s�u�b�s�t�a�n�c�e�,� �t�h�e�y� �m�o�d�u�l�a�t�e� �t�h�e� �t�r�a�n�s�p�o�r�t� �o�f� �m�o�n�o� �o�r� �d�i�v�a�l�e�n�t� 

�i�o�n�s� �a�c�r�o�s�s� �h�y�d�r�o�p�h�o�b�i�c� �l�i�p�i�d� �m�e�m�b�r�a�n�e�s� �(�2�4�,�7�4�)�.� �O�w�e�n�s� �a�n�d� 
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�c�o�w�o�r�k�e�r�s� �(�2�0�8�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �a� �c�h�a�n�g�e� �i�n� �e�l�e�c�t�r�i�c�a�l� �c�h�a�r�g�e� 

�o�c�c�u�r�s� �a�c�r�o�s�s� �t�h�e� �s�u�r�f�a�c�e� �o�f� �s�e�n�s�i�t�i�v�e� �c�e�l�l�s�,� �a�l�t�e�r�i�n�g� �t�h�e� 

�c�e�l�l� �e�q�u�i�l�i�b�r�i�u�m� �(�m�o�v�e�m�e�n�t� �o�f� �n�u�t�r�i�e�n�t�s� �a�n�d� �e�n�d� �p�r�o�d�u�c�t� �o�f� 

�m�e�t�a�b�o�l�i�s�m�)� �w�i�t�h� �a�n� �e�x�p�e�n�d�i�t�u�r�e� �o�f� �e�n�e�r�g�y� �t�o� �r�e�s�t�o�r�e� �a�n�d� 

�m�a�i�n�t�a�i�n� �t�h�e� �c�e�l�l� �e�q�u�i�l�i�b�r�i�u�m�.� �I�o�n�o�p�h�o�r�e�s� �a�r�e� �m�e�t�h�a�n�e� 

�i�n�h�i�b�i�t�o�r�s� �(�2�4�)� �r�e�d�u�c�i�n�g� �f�o�r�m�a�t�e� �a�n�d� �h�y�d�r�o�g�e�n� �p�r�o�d�u�c�i�n�g� 

�o�r�g�a�n�i�s�m�s� �i�n� �t�h�e� �r�u�m�e�n�.� �I�n�h�i�b�i�t�i�o�n� �o�f� �s�u�b�s�t�r�a�t�e�s� �f�o�r� 

�m�e�t�h�a�n�o�g�e�n�e�s�i�s� �a�n�d� �s�e�l�e�c�t�i�o�n� �f�o�r� �s�u�c�c�i�n�a�t�e� �o�r� �p�r�o�p�i�o�n�a�t�e� 

�p�r�o�d�u�c�i�n�g� �b�a�c�t�e�r�i�a� �(�4�4�)� �a�l�t�e�r� �t�h�e� �m�i�c�r�o�b�i�a�l� �p�o�p�u�l�a�t�i�o�n� �a�n�d� 

�e�n�d�p�r�o�d�u�c�t�s� �o�f� �f�e�r�m�e�n�t�a�t�i�o�n� �i�n� �t�h�e� �r�u�m�e�n� �(�2�4�)�.� �D�a�t�a� �f�r�o�m� �i�n� 

�v�i�v�o� �a�n�d� �i�n� �v�i�t�r�o� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �h�a�v�e� �s�h�o�w�n� �d�e�c�r�e�a�s�e�s� �i�n� 

�r�u�m�i�n�a�l� �d�i�g�e�s�t�i�o�n� �o�f� �p�r�o�t�e�i�n� �a�n�d� �f�l�o�w� �o�f� �m�i�c�r�o�b�i�a�l� �p�r�o�t�e�i�n� 

�t�o� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e�,� �a�n�d� �r�e�m�o�v�e�d� �m�i�c�r�o�b�i�a�l� �g�r�o�w�t�h� �w�h�e�n� 

�i�o�n�o�p�h�o�r�e�s� �a�r�e� �f�e�d� �t�o� �r�u�m�i�n�a�n�t�s� �(�4�0�)�.� 

�R�u�s�s�e�l�l� �a�n�d� �S�t�r�o�b�e�l�l� �(�2�4�2�)�,� �s�u�g�g�e�s�t� �t�h�a�t� �m�o�n�e�n�s�i�n� �a�c�t�i�o�n� 

�i�n� �t�h�e� �r�u�m�e�n� �i�s� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �i�t�s� �a�c�t�i�v�i�t�y� �a�s� �a� �g�r�a�m� 

�p�o�s�i�t�i�v�e� �a�n�t�i�b�i�o�t�i�c�.� �T�h�e�i�r� �r�e�s�u�l�t�s� �a�g�r�e�e� �w�i�t�h� �t�h�o�s�e� 

�o�b�t�a�i�n�e�d� �b�y� �C�h�e�n� �a�n�d� �W�o�l�i�n� �(�4�4�)�,� �w�h�e�r�e� �m�o�n�e�n�s�i�n� �d�e�c�r�e�a�s�e�d� 

�m�e�t�h�a�n�e� �p�r�o�d�u�c�t�i�o�n�,� �i�n�c�r�e�a�s�e�d� �t�h�e� �r�a�t�i�o� �o�f� �p�r�o�p�i�o�n�a�t�e� �t�o� 

�a�c�e�t�a�t�e� �a�n�d� �d�e�c�r�e�a�s�e�d� �t�h�e� �d�e�a�m�i�n�a�t�i�o�n� �o�f� �a�m�i�n�o� �a�c�i�d�s� �d�u�r�i�n�g� 

�i�n� �v�i�t�r�o� �r�u�m�i�n�a�l� �f�e�r�m�e�n�t�a�t�i�o�n�.� �B�y� �r�e�d�u�c�i�n�g� �m�e�t�h�a�n�e� �l�o�s�s�,� 

�e�n�e�r�g�y� �w�a�s� �p�r�e�s�e�r�v�e�d� �a�n�d� �u�t�i�l�i�z�e�d� �b�y� �t�h�e� �h�o�s�t� �a�n�i�m�a�l� �(�4�0�,� 

�2�8�5�,�3�0�2�)�.� 
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�P�o�p�u�l�a�t�i�o�n� �a�n�d�/�o�r� �m�e�t�a�b�o�l�i�s�m� �o�f� �r�u�m�e�n� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� 

�(�b�a�c�t�e�r�i�a�,� �p�r�o�t�o�z�o�a� �a�n�d� �f�u�n�g�i�)� �a�r�e� �a�l�t�e�r�e�d� �w�h�e�n� �i�o�n�o�p�h�o�r�e�s� 

�a�r�e� �f�e�d� �t�o� �c�a�t�t�l�e� �(�2�0�8�)�.� �S�u�c�h� �c�h�a�n�g�e�s� �a�r�e� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� 

�a�l�t�e�r�a�t�i�o�n� �i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �f�e�r�m�e�n�t�a�t�i�o�n� �e�n�d� �p�r�o�d�u�c�t�s�.� 

�R�e�c�e�n�t�l�y�,� �O ��K�e�l�l�y� �a�n�d� �S�p�i�e�r�s� �(�2�0�2�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �b�a�c�t�e�r�i�a�l� 

�l�i�p�i�d� �m�e�t�a�b�o�l�i�s�m� �i�s� �i�n�f�l�u�e�n�c�e�d� �b�y� �i�o�n�o�p�h�o�r�e�s�,� �a�n�d� �m�o�n�e�n�s�i�n� 

�b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �l�i�p�i�d� �c�o�n�t�e�n�t� �o�f� �b�a�c�t�e�r�i�a� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�b�o�t�h� �s�o�l�i�d� �a�n�d� �l�i�q�u�i�d� �f�r�a�c�t�i�o�n�s� �o�f� �r�u�m�e�n� �d�i�g�e�s�t�a� �i�n� �H�e�r�e�f�o�r�d� 

�s�t�e�e�r�s� �b�y� �a�b�o�u�t� �1�4�%�.� 

�O�w�e�n�s� �e�t� �a�l�.� �(�2�0�8�)� �c�o�m�p�i�l�e�d� �a�n�d� �s�t�a�t�i�s�t�i�c�a�l�l�y� �a�n�a�l�y�z�e�d� 

�d�a�t�a� �f�r�o�m� �s�i�x� �d�i�f�f�e�r�e�n�t� �i�o�n�o�p�h�o�r�e�s�.� �T�h�e�y� �f�o�u�n�d� �a�n� �i�n�c�r�e�a�s�e�d� 

�f�e�e�d� �e�f�f�i�c�i�e�n�c�y� �(�f�o�u�r�)�,� �i�n�c�r�e�a�s�e�d� �r�a�t�e� �o�f� �g�a�i�n� �(�f�i�v�e�)�,� 

�t�e�n�d�e�n�c�y� �t�o� �i�n�c�r�e�a�s�e� �i�n�c�i�d�e�n�c�e� �o�f� �l�i�v�e�r� �a�b�c�e�s�s�e�s� �(�a�l�l�)�,� 

�d�e�c�r�e�a�s�e�d� �d�r�e�s�s�i�n�g� �p�e�r�c�e�n�t�a�g�e� �a�n�d� �i�n�c�r�e�a�s�e�d� �e�x�t�e�r�n�a�l� �f�a�t� 

�c�o�v�e�r� �(�o�n�e�)�,� �d�e�c�r�e�a�s�e�d� �c�a�r�c�a�s�s� �c�u�t�a�b�i�l�i�t�y� �(�t�w�o�)�,� �i�n�c�r�e�a�s�e�d� 

�y�i�e�l�d� �g�r�a�d�e� �(�t�w�o�)�,� �i�n�c�r�e�a�s�e�d� �m�a�r�b�l�i�n�g� �(�o�n�e�)�,� �a�n�d� �d�e�c�r�e�a�s�e�d� 

�q�u�a�l�i�t�y� �g�r�a�d�e� �(�o�n�e�)�.� �L�i�t�t�l�e� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�i�o�n�o�p�h�o�r�e�s� �o�n� �c�a�r�c�a�s�s� �c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �m�e�a�t� �a�c�c�e�p�t�a�b�i�l�i�t�y� �w�a�s� 

�f�o�u�n�d�.� �T�a�b�l�e� �7� �s�h�o�w�s� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �m�o�n�e�n�s�i�n� �a�n�d� 

�l�a�s�a�l�o�c�i�d� �o�n� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �c�a�r�c�a�s�s� �m�e�a�s�u�r�e�m�e�n�t�s�,� �a�s� 

�r�e�p�o�r�t�e�d� �b�y� �t�h�e�s�e� �r�e�s�e�a�r�c�h�e�r�s�.� 
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�T�a�b�l�e� �7�.� �I�n�f�l�u�e�n�c�e� �o�f� �m�o�n�e�n�s�i�n� �a�n�d� �l�a�s�a�l�o�c�i�d� �o�n� �c�a�t�t�l�e� 
�p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �c�a�r�c�a�s�s� �c�o�m�p�o�s�i�t�i�o�n�.� 
� � 

�C�o�n�t�r�o�l� �M�o�n�e�n�s�i�n� �l�L�a�s�a�l�o�c�i�d� 
� � 

�T�r�i�a�l� �c�o�m�p�a�r�i�s�o�n�s� �1�5�6� �1�3�7� �3�3� 
�N�o� �o�f� �h�e�a�d� �5�0�8�5� �5�2�4�4� �1�0�8�5� 
�M�e�a�n� �l�e�v�e�l�,� �p�p�m� �0� �3�0�.�0�2� �3�2�.�8�8� 
�D�a�i�l�y� �g�a�i�n�,� �k�g� �1�.�2�6� �1�.�2�7�4�-�9� �1�,�.�3�1�4�-�9� 
�D�a�i�l�y� �f�e�e�d�,� �k�g� �8�.�9�7� �8�.�4�7�4� �8�.�7�0�4� 
�F�e�e�d� �g�a�i�n�,� �k�g� �7�.�2�9� �6�.�8�3�>�/�4� � �6�.�7�4�8�/�9� 
�L�i�v�e�r� �a�b�c�e�s�s�e�s�,� �%� �1�7�.�7�8� �1�8�.�7�9� �1�9�.�2�0� 
�R�i�b�e�y�e� �a�r�e�a�,� �c�m�2� �7�7�.�8�8� �7�7�.�6�8� �7�7�.�9�3� 

�c�m�2�/�1�0�0� �k�g� �c�a�r�c�a�s�s� �2�6�.�0�2� �2�5�.�0�5�9�,� �2�5�.�8�6� 
�R�i�b� �f�a�t� �c�o�v�e�r�,� �c�m� �1�.�3�4� �1�.�3�6�¢�°�9� �1�.�3�3� 
�K�i�d�n�e�y�,� �p�e�l�v�i�c� �a�n�d� �h�e�a�r�t� �f�a�t�,� �%� �2�.�6�3� �2�.�6�2� �2�.�7�0�°�¢� 
� � 

�A�f�t�e�r� �O�w�e�n�s� �e�t� �a�l�.�,� �1�9�9�0� �(�2�3�0�)�.� 

�4�L�i�n�e�a�r� �c�h�a�n�g�e� �(�P�<�.�0�1�)� �w�i�t�h� �l�e�v�e�l� �o�f� �i�o�n�o�p�h�o�r�e� 

�D�i�i�n�e�a�r� �c�h�a�n�g�e� �(�P�<�.�0�5�)� �w�i�t�h� �l�e�v�e�l� �o�f� �i�o�n�o�p�h�o�r�e�.� 

�C�L�i�n�e�a�r� �c�h�a�n�g�e� �(�P�<�.�0�5�)� �w�i�t�h� �l�e�v�e�l� �o�f� �i�o�n�o�p�h�o�r�e�.� 

�d�g�u�a�d�r�a�t�i�c� �e�f�f�e�c�t� �(�P�<�.�0�1�)� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �a�b�o�v�e� �l�i�n�e�a�r� �e�f�f�e�c�t� 
�o�f� �i�o�n�o�p�h�o�r�e� �l�e�v�e�l�.� 

�J�Q�u�a�d�r�a�t�i�c� �e�f�f�e�c�t� �(�P�<�.�0�5�)� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �a�b�o�v�e� �l�i�n�e�a�r� �e�f�f�e�c�t� 
�o�f� �i�o�n�o�p�h�o�r�e� �l�e�v�e�l�.� 
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�L�a�s�a�l�o�c�i�d� �a�n�d� �m�o�n�e�n�s�i�n� �a�l�t�e�r� �a�b�s�o�r�p�t�i�o�n� �a�n�d� �r�e�t�e�n�t�i�o�n� �o�f� 

�m�i�n�e�r�a�l�s� �i�n� �g�r�o�w�i�n�g� �r�u�m�i�n�a�n�t�s� �(�1�4�0�,�1�4�1�)�.� �T�h�e� �s�i�t�e� �a�n�d� 

�e�x�t�e�n�t� �o�f� �a�b�s�o�r�p�t�i�o�n� �o�f� �C�a�,� �N�a�,� �K�,� �P�,� �a�n�d� �C�u� �w�e�r�e� 

�u�n�a�f�f�e�c�t�e�d� �b�y� �m�o�n�e�n�s�i�n� �o�r� �l�a�s�a�l�o�c�i�d� �(�6�6�)�.� �S�t�e�e�r�s� �a�n�d� �h�e�i�f�e�r�s� 

�r�e�c�e�i�v�i�n�g� �i�o�n�o�p�h�o�r�e�s� �i�m�p�r�o�v�e�d� �t�h�e� �f�e�e�d� �e�f�f�i�c�i�e�n�c�y� �f�r�o�m� �5� �t�o� 

�8�%� �(�9�4�)�.� �L�a�s�a�l�o�c�i�d� �i�n�c�r�e�a�s�e�d� �g�r�o�w�t�h� �r�a�t�e�s� �b�y� �1�3�%� �o�r� �7�7� �g�/�d�,� 

�w�h�i�l�e� �m�o�n�e�n�s�i�n� �s�h�o�w�e�d� �a� �1�0�%� �i�n�c�r�e�a�s�e� �i�n� �g�r�o�w�t�h� �r�a�t�e� �o�r� �6�3� 

�g�/�d� �(�3�1�7�)�.� 

�F�i�e�m�s� �e�t� �a�l�.� �(�7�6�)� �f�e�d� �m�o�n�e�n�s�i�n� �t�o� �g�r�a�z�i�n�g� �b�u�l�l�s� �a�n�d� 

�h�e�i�f�e�r�s�.� �A� �s�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �i�n� �g�r�o�w�t�h� �r�a�t�e� �w�a�s� �o�b�t�a�i�n�e�d� 

�w�i�t�h� �m�o�n�e�n�s�i�n�.� �D�a�i�l�y� �l�i�v�e�w�e�i�g�h�t� �g�a�i�n� �f�o�r� �b�u�l�l�s� �w�a�s� �8�6�0� �v�s� 

�7�3�0� �g� �f�o�r� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p�,� �a�n�d� �6�8�0� �v�s� �5�7�0� �g� �f�o�r� �t�h�e� 

�h�e�i�f�e�r�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �A�t� �a� �s�i�m�i�l�a�r� �s�t�o�c�k�i�n�g� �r�a�t�e�,� �f�e�e�d�i�n�g� 

�m�o�n�e�n�s�i�n� �i�n�c�r�e�a�s�e�d� �t�h�e� �t�o�t�a�l� �l�i�v�e�w�e�i�g�h�t� �g�a�i�n� �p�e�r� �h�e�c�t�a�r�e� 

�f�r�o�m� �1�,�3�3�6� �t�o� �1�,�6�1�2� �k�g� �w�i�t�h� �b�u�l�l�s� �a�n�d� �f�r�o�m� �7�0�0� �t�o� �8�1�2� �k�g� 

�w�i�t�h� �h�e�i�f�e�r�s�.� �I�n� �o�t�h�e�r� �e�x�p�e�r�i�m�e�n�t�s� �(�3�1�7�)� �t�h�e�y� �r�e�c�o�m�m�e�n�d�e�d� 

�t�h�a�t� �b�o�t�h� �m�o�n�e�n�s�i�n� �a�n�d� �l�a�s�a�l�o�c�i�d� �b�e� �u�s�e�d� �a�s� �d�i�e�t�a�r�y� 

�a�d�d�i�t�i�v�e�s� �f�o�r� �d�a�i�r�y� �h�e�i�f�e�r�s� �a�n�d� �t�h�a�t� �t�h�e�s�e� �i�o�n�o�p�h�o�r�e�s� �d�o� �n�o�t� 

�c�a�u�s�e� �o�v�e�r�c�o�n�d�i�t�i�o�n�i�n�g�.� �M�o�n�e�n�s�i�n� �t�e�n�d�e�d� �t�o� �i�n�c�r�e�a�s�e� �W�H� �g�a�i�n� 

�a�s� �c�o�m�p�a�r�e�d� �t�o� �c�o�n�t�r�o�l� �h�e�i�f�e�r�s�.� 

�L�a�s�a�l�o�c�i�d� �c�a�n� �b�e� �u�s�e�d� �f�o�r� �a�n�y� �a�g�e� �o�r� �w�e�i�g�h�t� �h�e�i�f�e�r�s�,� 

�w�h�e�r�e�a�s� �m�o�n�e�n�s�i�n� �i�s� �r�e�s�t�r�i�c�t�e�d� �t�o� �a�n�i�m�a�l�s� �a�b�o�v�e� �1�8�1�.�0� �k�g� �o�f� 

�b�o�d�y� �w�e�i�g�h�t�.� �M�o�n�e�n�s�i�n� �a�n�d� �l�a�s�a�l�o�c�i�d� �i�n� �f�e�e�d�l�o�t� �d�i�e�t�s� �a�r�e� 
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�r�e�c�o�m�m�e�n�d�e�d� �a�t� �2�0� �t�o� �3�0� �p�p�m� �f�o�r� �o�p�t�i�m�a�l� �e�c�o�n�o�m�i�c� �f�e�e�d�i�n�g� 

�l�e�v�e�l� �(�2�0�8�)�.� �W�i�t�h� �m�o�n�e�n�s�i�n�,� �g�r�a�z�i�n�g� �g�r�o�w�i�n�g� �s�t�e�e�r�s� �a�n�d� 

�h�e�i�f�e�r�s� �h�a�d� �a� �m�a�x�i�m�u�m� �r�e�s�p�o�n�s�e� �w�h�e�n� �f�e�d� �a�t� �2�0�0� �n�g�/�d�a�y� �(�7�6�)�.� 

�C�O�S�T�S� �O�F� �A� �D�A�I�R�Y� �H�E�R�D� �R�E�P�L�A�C�E�M�E�N�T� �P�R�O�G�R�A�M� 

�T�w�e�n�t�y� �t�o� �3�0�%� �o�f� �t�h�e� �d�a�i�r�y� �h�e�r�d� �i�s� �r�e�p�l�a�c�e�d� �y�e�a�r�l�y� �i�n� 

�t�h�e� �U�S�A� �(�7�5�)�.� �F�e�e�d�i�n�g� �c�o�s�t�s� �a�l�o�n�e� �f�o�r� �d�a�i�r�y� �r�e�p�l�a�c�e�m�e�n�t�s� 

�a�c�c�o�u�n�t� �f�o�r� �5�0� �t�o� �7�0�%� �o�f� �a� �t�o�t�a�l� �r�e�a�r�i�n�g� �p�r�o�g�r�a�m� �w�i�t�h� �t�o�t�a�l� 

�c�o�s�t�s� �r�a�n�g�i�n�g� �f�r�o�m� �$�7�0�0� �t�o� �$�1�3�0�0� �(�4�3�,�7�5�,�1�2�6�)�.� �I�n� �g�e�n�e�r�a�l�,� 

�t�h�e�s�e� �c�o�s�t�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �u�n�d�e�r� �d�r�y�l�o�t� �s�i�t�u�a�t�i�o�n�s� �o�r� 

�S�i�m�u�l�a�t�i�o�n� �s�t�u�d�i�e�s�.� �E�x�p�e�n�s�e�s� �c�h�a�r�g�e�d� �t�o� �l�a�b�o�r�,� �b�u�i�l�d�i�n�g�s� 

�a�n�d� �e�q�u�i�p�m�e�n�t�,� �b�e�d�d�i�n�g�,� �v�e�t�e�r�i�n�a�r�y� �a�n�d� �m�e�d�i�c�a�l� �s�u�p�p�l�i�e�s�,� 

�b�r�e�e�d�i�n�g�,� �u�t�i�l�i�t�i�e�s�,� �i�n�s�u�r�a�n�c�e�,� �m�o�r�t�a�l�i�t�y�,� �i�n�t�e�r�e�s�t� �o�n� 

�c�a�p�i�t�a�l� �i�n�v�e�s�t�e�d� �a�n�d� �m�i�s�c�e�l�l�a�n�e�o�u�s� �(�f�i�x�e�d� �c�o�s�t�s�)� �a�r�e� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �$�3�0�0� �t�o� �$�3�5�0� �p�e�r� �h�e�i�f�e�r� �a�t� �2�4� �m�o� �a�n�d� 

�r�e�l�a�t�i�v�e�l�y� �s�i�m�i�l�a�r� �f�o�r� �p�a�s�t�u�r�e� �r�e�a�r�e�d� �h�e�i�f�e�r�s� �v�e�r�s�u�s� 

�c�o�n�f�i�n�e�m�e�n�t� �h�e�i�f�e�r�s� �(�1�2�6�)�.� 

�E�c�o�n�o�m�i�c� �a�n�d� �n�u�t�r�i�t�i�o�n�a�l� �e�v�a�l�u�a�t�i�o�n�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� 

�e�i�t�h�e�r� �u�n�d�e�r�f�e�e�d�i�n�g� �o�r� �o�v�e�r�f�e�e�d�i�n�g� �a� �d�a�i�r�y� �h�e�i�f�e�r� �r�e�d�u�c�e�s� 

�p�r�o�f�i�t�.� �U�n�d�e�r�f�e�e�d�i�n�g� �i�n�c�r�e�a�s�e�s� �b�r�e�e�d�i�n�g� �a�g�e�,� �r�e�d�u�c�e�s� 

�c�o�n�c�e�p�t�i�o�n� �r�a�t�e�s�,� �a�n�d� �d�e�l�a�y�s� �t�h�e� �a�g�e� �o�f� �f�i�r�s�t� �c�a�l�v�i�n�g�.� 

�T�h�u�s�,� �d�a�i�l�y� �f�e�e�d� �c�o�s�t�s� �a�r�e� �r�e�d�u�c�e�d� �b�u�t� �t�o�t�a�l� �c�o�s�t�s� �i�n�c�r�e�a�s�e� 

�d�u�e� �t�o� �a�n� �e�x�t�e�n�d�e�d� �f�e�e�d�i�n�g� �p�e�r�i�o�d�.� �D�e�l�a�y�i�n�g� �c�a�l�v�i�n�g� �b�e�y�o�n�d� 
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�2�4� �m�o� �o�f� �a�g�e� �n�e�c�e�s�s�i�t�a�t�e�s� �a�n� �a�d�d�i�t�i�o�n�a�l� �e�x�p�e�n�s�e�s� �p�e�r� �m�o�n�t�h� 

�i�n� �t�h�e� �r�a�n�g�e� �o�f� �$�2�0� �t�o� �$�6�0� �(�1�2�5�)�.� �H�e�i�f�e�r�s� �c�a�l�v�i�n�g� �a�t� �2�6� �m�o� 

�w�i�l�l� �p�a�y� �o�f�f� �t�h�e�i�r� �r�e�a�r�i�n�g� �c�o�s�t�s� �a�t� �5�4�.�6� �m�o� �o�f� �a�g�e� �w�i�t�h� �a� 

�n�e�t� �p�r�o�f�i�t� �p�e�r� �d�a�y� �o�f� �l�i�f�e� �o�f� �$�.�4�3� �(�8�1�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �b�y� 

�d�e�l�a�y�i�n�g� �f�i�r�s�t� �c�a�l�v�i�n�g� �u�n�t�i�l� �3�2� �m�o� �o�f� �a�g�e�,� �n�e�t� �p�r�o�f�i�t� �p�e�r� 

�d�a�y� �o�f� �l�i�f�e� �i�s� �r�e�d�u�c�e�d� �t�o� �$�.�2�8� �a�n�d� �7�0� �m�o� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �a� 

�h�e�i�f�e�r� �t�o� �o�f�f�s�e�t� �h�e�r� �r�e�a�r�i�n�g� �c�o�s�t�.� �R�e�a�r�i�n�g� �c�o�s�t�s� �i�n�c�l�u�d�e�d� 

�h�e�i�f�e�r�s� �w�h�o� �d�i�e�d� �o�r� �w�e�r�e� �c�u�l�l�e�d� �i�n�v�o�l�u�n�t�a�r�i�l�y�.� 
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�C�h�a�p�t�e�r� �2� 

�E�f�f�e�c�t�s� �o�f� �D�i�f�f�e�r�e�n�t� �L�e�v�e�l�s� �o�f� �E�n�e�r�g�y� �S�u�p�p�l�e�m�e�n�t�a�t�i�o�n� 

�o�n� �G�r�o�w�t�h� �a�n�d� �B�o�d�y� �C�o�m�p�o�s�i�t�i�o�n� �o�f� �G�r�a�z�i�n�g� �o�r� �D�r�y�l�o�t� 

�H�o�l�s�t�e�i�n� �H�e�i�f�e�r�s�.� 

�A�B�S�T�R�A�C�T� 

�G�r�o�w�t�h� �o�f� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �w�a�s� �s�t�u�d�i�e�d� �f�o�r� �t�w�o� �g�r�a�z�i�n�g� 

�s�e�a�s�o�n�s� �(�1�9�8�7� �a�n�d� �1�9�8�8�)� �t�o� �e�v�a�l�u�a�t�e� �p�a�s�t�u�r�e�-�d�r�y�l�o�t� �s�y�s�t�e�m�s� 

�f�o�r� �r�a�i�s�i�n�g� �d�a�i�r�y� �r�e�p�l�a�c�e�m�e�n�t�s�.� �P�a�s�t�u�r�e� �c�o�n�s�i�s�t�e�d� �o�f� 

�g�r�a�s�s�-�l�e�g�u�m�e� �m�i�x�t�u�r�e� �i�n� �s�i�x� �p�a�d�d�o�c�k�s� �o�f� �1�.�5� �h�a� �e�a�c�h�.� 

�G�r�a�z�i�n�g� �a�v�e�r�a�g�e�d� �1�6�0� �d�a� �p�e�r� �s�e�a�s�o�n�.� �N�o�n�e� �o�r� �2�.�0� �k�g�/�d� �o�f� 

�c�r�a�c�k�e�d� �c�o�r�n� �w�e�r�e� �f�e�d� �i�n� �a�d�d�i�t�i�o�n� �t�o� �g�r�a�z�i�n�g� �i�n� �a� �c�h�a�n�g�e�o�v�e�r� 

�d�e�s�i�g�n� �(�2�8� �d�)� �w�i�t�h� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�m�e�n�t�s�.� �A�v�e�r�a�g�e� �d�a�i�l�y� 

�g�a�i�n� �w�a�s� �g�r�e�a�t�e�r� �w�h�e�n� �c�o�r�n� �w�a�s� �f�e�d� �(�8�3�7� �v�s� �5�8�1� �g�/�d�)� �i�n� �1�9�8�7�.� 

�I�n� �1�9�8�8�,� �h�e�i�f�e�r�s� �w�e�r�e� �f�e�d� �a� �h�i�g�h� �(�H�E�)� �o�r� �l�o�w� �e�n�e�r�g�y� �(�L�E�)� 

�d�i�e�t�s� �i�n� �c�o�n�f�i�n�e�m�e�n�t� �d�u�r�i�n�g� �1�2�9� �d� �p�e�r�i�o�d�.� �D�u�r�i�n�g� �t�h�i�s� 

�p�h�a�s�e�,� �d�a�i�l�y� �g�a�i�n�s� �w�e�r�e� �1�1�9�0� �(�H�E�)� �a�n�d� �9�9�0� �g�/�d� �(�L�E�)� �w�h�i�c�h� 

�w�e�r�e� �d�i�f�f�e�r�e�n�t�.� 

�A�f�t�e�r� �d�r�y�l�o�t�,� �a�n�i�m�a�l�s� �w�e�r�e� �e�q�u�a�l�l�y� �a�l�l�o�t�t�e�d� �t�o� �p�a�s�t�u�r�e� 

�w�i�t�h� �o�r� �w�i�t�h�o�u�t� �2� �k�g� �c�o�r�n�.� �O�n� �p�a�s�t�u�r�e�,� �c�o�r�n� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� 

�d�i�d� �n�o�t� �e�n�h�a�n�c�e� �w�e�i�g�h�t� �g�a�i�n� �o�v�e�r�a�l�l�,� �b�u�t� �d�i�d� �r�e�s�u�l�t� �i�n� 
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�g�r�e�a�t�e�r� �g�a�i�n�s� �i�n� �l�i�g�h�t�e�r� �a�n�i�m�a�l�s� �t�h�a�t� �w�e�r�e� �p�r�e�v�i�o�u�s�l�y� �f�e�d� 

�t�h�e� �L�E� �c�o�n�f�i�n�e�m�e�n�t� �d�i�e�t�.� �H�e�a�v�y� �a�n�d� �l�i�g�h�t� �h�e�i�f�e�r�s� �o�n� 

�p�r�e�v�i�o�u�s�l�y� �H�E� �d�i�e�t�,� �g�a�i�n�e�d� �3�5�8� �g�/�d� �c�o�n�t�r�a�s�t�e�d� �t�o� �h�e�i�f�e�r�s� 

�p�r�e�v�i�o�u�s�l�y� �o�n� �L�E� �d�i�e�t� �w�h�i�c�h� �h�a�d� �g�a�i�n�s� �o�f� �4�8�6� �g�/�d�.� 

�B�o�d�y� �c�o�m�p�o�s�i�t�i�o�n�,� �a�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �u�r�e�a� �s�p�a�c�e� �w�a�s� �n�o�t� 

�d�i�f�f�e�r�e�n�t� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �d�r�y�l�o�t� �f�e�e�d�i�n�g�.� �B�o�d�y� 

�c�o�m�p�o�s�i�t�i�o�n� �d�i�d� �c�h�a�n�g�e� �d�u�r�i�n�g� �t�h�e� �1�5�5� �d� �g�r�a�z�i�n�g� �s�e�a�s�o�n�,� �a� 

�c�h�a�n�g�e� �n�o�r�m�a�l�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �m�a�t�u�r�i�t�y�.� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�R�e�s�e�a�r�c�h� �h�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �g�i�v�e�n� �a�d�e�q�u�a�t�e� �n�u�t�r�i�t�i�o�n�,� 

�d�a�i�r�y� �h�e�i�f�e�r�s� �c�a�n� �r�e�a�c�h� �p�u�b�e�r�t�y� �b�y� �7� �t�o� �8� �m�o� �(�6�,�2�6�0�)� �a�n�d� 

�c�a�l�v�e� �t�h�e� �f�i�r�s�t� �t�i�m�e� �a�t� �1�8� �t�o� �2�1� �m�o�,� �o�r� �e�v�e�n� �a�t� �a� �y�o�u�n�g�e�r� 

�a�g�e� �(�7�)�.� �U�s�u�a�l�l�y� �r�e�d�u�c�t�i�o�n�s� �i�n� �t�i�m�e� �f�r�o�m� �b�i�r�t�h� �t�o� �c�a�l�v�i�n�g� 

�h�a�s� �b�e�e�n� �a�c�h�i�e�v�e�d� �w�i�t�h� �c�o�n�f�i�n�e�m�e�n�t� �f�e�e�d�i�n�g� �a�n�d� �f�e�e�d�i�n�g� �h�i�g�h� 

�e�n�e�r�g�y� �d�i�e�t�s� �(�6�,�7�,�2�5�2�,�2�7�0�,�2�7�7�)�.� 

�A� �c�o�m�m�o�n� �a�p�p�r�o�a�c�h� �t�o� �r�e�d�u�c�e� �a�g�e� �a�t� �f�i�r�s�t� �c�a�l�v�i�n�g� �h�a�s� 

�b�e�e�n� �e�n�o�u�g�h� �e�n�e�r�g�y� �t�o� �a�t�t�a�i�n� �d�a�i�l�y� �g�a�i�n�s� �b�e�t�w�e�e�n� �6�0�0� �a�n�d� �8�0�0� 

�g�/�d� �(�2�9�7�)�.� �H�o�w�e�v�e�r�,� �e�n�e�r�g�y� �f�e�e�d�i�n�g� �c�a�u�s�i�n�g� �h�e�i�f�e�r�s� �t�o� �g�a�i�n� 

�m�o�r�e� �t�h�a�n� �8�0�0� �g�/�d� �a�p�p�a�r�e�n�t�l�y� �d�e�c�r�e�a�s�e�s� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� 

�p�o�t�e�n�t�i�a�l� �(�2�7�7�)�.� 
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�T�h�e� �w�e�i�g�h�t� �g�a�i�n� �o�f� �g�r�o�w�i�n�g� �a�n�i�m�a�l�s� �a�l�t�e�r�s� �c�o�n�t�e�n�t� �o�f� 

�w�a�t�e�r�,� �f�a�t� �a�n�d� �p�r�o�t�e�i�n� �(�1�8�6�)�.� �L�i�b�e�r�a�l� �f�e�e�d�i�n�g� �b�e�f�o�r�e� �o�r� 

�a�r�o�u�n�d� �p�u�b�e�r�t�y� �h�a�s� �a�l�t�e�r�e�d� �t�h�e� �r�a�t�i�o� �o�f� �p�a�r�e�n�c�h�y�m�a�l� �t�o� �f�a�t� 

�t�i�s�s�u�e� �i�n� �t�h�e� �m�a�m�m�a�r�y� �g�l�a�n�d� �(�2�5�1�,�2�5�2�,�2�6�0�)�.� �T�h�e� �s�i�z�e� �o�f� �t�h�e� 

�f�a�t� �p�a�d� �i�n� �t�h�e� �m�a�m�m�a�r�y� �g�l�a�n�d� �r�e�d�u�c�e�s� �d�u�c�t� �g�r�o�w�t�h� �(�2�8�9�)�,� 

�r�e�d�u�c�i�n�g� �p�o�t�e�n�t�i�a�l� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n�.� �H�o�w�e�v�e�r�,� �a�c�c�e�l�e�r�a�t�e�d� 

�f�e�e�d�i�n�g� �p�r�o�g�r�a�m�s� �g�i�v�i�n�g� �d�a�i�l�y� �g�a�i�n�s� �u�p� �t�o� �1�0�0�0� �g�/�d� �f�r�o�m� �3� �t�o� 

�1�2� �m�o� �o�f� �a�g�e� �p�r�o�d�u�c�e�d� �h�e�a�v�i�e�r� �h�e�i�f�e�r�s� �c�a�l�v�i�n�g� �a�t� �2�4� �m�o�,� 

�w�i�t�h�o�u�t� �e�x�c�e�s�s�i�v�e� �f�a�t�t�e�n�i�n�g� �(�1�3�9�)�.� �M�o�r�e�o�v�e�r�,� �d�i�e�t� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �(�1�9�8�)� �f�o�r� �h�e�i�f�e�r�s� �r�e�a�r�e�d� �i�n� �c�o�n�f�i�n�e�m�e�n�t� �m�a�y� 

�b�e� �t�o�o� �h�i�g�h� �i�n� �e�n�e�r�g�y� �(�1�4�,�1�2�6�,�2�2�7�,�2�3�5�)�.� 

�S�h�o�r�t�e�n�i�n�g� �t�h�e� �b�i�r�t�h� �t�o� �c�o�n�c�e�p�t�i�o�n� �p�e�r�i�o�d� �f�o�r� �d�a�i�r�y� 

�h�e�i�f�e�r�s� �r�e�d�u�c�e�s� �c�o�s�t�s� �a�n�d� �m�o�n�e�t�a�r�y� �i�n�p�u�t�s� �w�i�t�h� �n�o� �r�e�t�u�r�n� �t�o� 

�t�h�e� �o�w�n�e�r�.� �C�o�s�t�s� �f�o�r� �t�h�i�s� �p�e�r�i�o�d� �r�a�n�g�e�d� �f�r�o�m� �$�7�0�0� �t�o� �$�1�3�0�0� 

�(�4�2�,�1�2�6�)�.� �T�h�i�s� �c�o�s�t� �r�e�f�l�e�c�t�s� �v�a�r�y�i�n�g� �s�y�s�t�e�m�s� �o�f� �r�e�a�r�i�n�g� 

�w�h�i�c�h� �m�a�y� �n�o�t� �u�t�i�l�i�z�e� �l�e�s�s� �c�o�s�t�l�y� �f�e�e�d�s� �s�u�c�h� �a�s� �p�a�s�t�u�r�e�.� 

�F�e�e�d�i�n�g� �c�o�s�t� �a�l�o�n�e� �a�c�c�o�u�n�t�s� �f�o�r� �5�0� �t�o� �6�0�%� �o�f� �t�h�e� �t�o�t�a�l� 

�r�e�a�r�i�n�g� �e�x�p�e�n�s�e�s� �(�4�2�,�7�5�)�.� 

�A� �s�i�m�u�l�a�t�i�o�n� �s�t�u�d�y� �b�y� �T�o�r�o� �(�2�8�8�)� �e�v�a�l�u�a�t�e�d� �d�i�f�f�e�r�e�n�t� 

�c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �p�a�s�t�u�r�e� �t�o� �t�h�e� �c�o�s�t� �o�f� �r�e�a�r�i�n�g� �h�e�i�f�e�r�s�.� 

�A�t� �c�a�l�v�i�n�g�,� �t�h�e� �e�s�t�i�m�a�t�e�d� �t�o�t�a�l� �f�e�e�d� �c�o�s�t�s� �p�e�r� �h�e�i�f�e�r� �w�e�r�e� 

�$�4�4�1�,� �$�5�2�0� �a�n�d� �$�5�5�7� �w�h�e�n� �8�0�%�,� �2�0�%� �a�n�d� �z�e�r�o�%� �o�f� �r�e�q�u�i�r�e�d� 

�n�u�t�r�i�e�n�t�s� �w�e�r�e� �s�u�p�p�l�i�e�d� �b�y� �p�a�s�t�u�r�e�.� �I�n� �c�o�u�n�t�r�i�e�s� �w�h�e�r�e� 
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�g�r�a�z�e�d� �p�a�s�t�u�r�e� �i�s� �t�h�e� �m�a�i�n� �c�o�m�p�o�n�e�n�t� �i�n� �t�h�e� �d�i�e�t� �o�f� �d�a�i�r�y� 

�h�e�r�d�s�,� �a� �c�o�m�m�o�n� �p�r�a�c�t�i�c�e� �i�s� �t�o� �s�u�p�p�l�e�m�e�n�t� �p�a�s�t�u�r�e� �w�i�t�h� 

�e�n�e�r�g�y�,� �w�h�i�c�h� �i�s� �t�h�e� �m�o�s�t� �l�i�k�e�l�y� �n�u�t�r�i�e�n�t� �t�o� �b�e� �l�i�m�i�t�i�n�g� 

�p�r�o�d�u�c�t�i�o�n�.� �E�x�p�e�r�i�m�e�n�t� �I� �w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� �m�e�a�s�u�r�e� �g�r�o�w�t�h� 

�r�e�s�p�o�n�s�e�s� �o�f� �t�w�o� �g�r�o�u�p�s� �o�f� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �e�a�c�h� 

�s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �e�n�e�r�g�y� �d�u�r�i�n�g� �a�l�t�e�r�n�a�t�i�n�g� �2�8� �d�a� �s�w�i�t�c�h�b�a�c�k� 

�f�e�e�d�i�n�g� �w�h�i�l�e� �g�r�a�z�i�n�g� �p�a�s�t�u�r�e� �o�f� �t�e�m�p�e�r�a�t�e� �s�p�e�c�i�e�s�.� 

�E�x�p�e�r�i�m�e�n�t� �1�.� �M�A�T�E�R�I�A�L� �A�N�D� �M�E�T�H�O�D�S� 

�P�a�s�t�u�r�e� 

�N�i�n�e� �h�e�c�t�a�r�e�s� �o�f� �a� �p�e�r�m�a�n�e�n�t� �p�a�s�t�u�r�e� �l�o�c�a�t�e�d� �a�t� �t�h�e� 

�V�i�r�g�i�n�i�a� �T�e�c�h� �D�a�i�r�y� �C�e�n�t�e�r� �w�a�s� �s�u�b�d�i�v�i�d�e�d� �i�n�t�o� �s�i�x� �p�a�d�d�o�c�k�s� 

�o�f� �1�.�5� �h�a� �e�a�c�h� �b�y� �t�h�r�e�e� �h�i�g�h� �t�e�n�s�i�l�e� �e�l�e�c�t�r�i�c� �w�i�r�e�s�.� 

�D�a�c�t�y�l�i�s� �g�l�o�m�e�r�a�t�a� �L�.� �(�O�r�c�h�a�r�d�g�r�a�s�s�)�,� �F�e�s�t�u�c�a� �a�r�u�n�d�i�n�a�c�e�a� 

�S�c�h�r�e�b� �(�t�a�l�l� �f�e�s�c�u�e�)� �,� �P�o�a� �p�r�a�t�e�n�s�i�s� �L�.� �(�B�l�u�e�g�r�a�s�s�)�,� �a�n�d� 

�T�r�i�f�o�l�i�u�m� �r�e�p�e�n�s� �L�.� �a�n�d� �T�.� �p�r�a�t�e�n�s�i�s� �L�.� �(�W�h�i�t�e� �a�n�d� �R�e�d� 

�c�l�o�v�e�r�)� �w�e�r�e� �t�h�e� �p�r�i�n�c�i�p�a�l� �s�p�e�c�i�e�s� �g�r�a�s�s�-�l�e�g�u�m�e� �m�i�x�t�u�r�e�.� 

�T�h�e� �l�e�g�u�m�e� �s�t�a�n�d� �w�a�s� �i�n�c�r�e�a�s�e�d� �b�y� �o�v�e�r�s�e�e�d�i�n�g� �w�h�i�t�e� �c�l�o�v�e�r� 

�a�t� �t�h�e� �r�a�t�e� �o�f� �4� �k�g�/�h�a� �i�n� �e�a�r�l�y� �s�p�r�i�n�g� �1�9�8�7�.� �S�o�l�a�n�u�n� 

�r�o�s�t�r�a�t�u�m� �(�s�a�n�d� �b�u�r�s�)� �a�n�d� �F�r�a�n�s�e�r�i�a� �a�c�a�n�t�h�e�i�c�a�r�p�a� �(�l�a�m�b�s� 

�q�u�a�r�t�e�r�s�)� �w�e�r�e� �w�e�e�d�s� �p�r�e�s�e�n�t� �i�n� �p�a�s�t�u�r�e�.� �N�i�t�r�o�g�e�n�,� �P�5�0�,� �a�n�d� 

�K�O� �w�e�r�e� �a�p�p�l�i�e�d� �a�t� �r�a�t�e�s� �o�f� �4�5�,� �4�5� �a�n�d� �5�4� �k�g�/�h�a� �e�v�e�r�y� �o�t�h�e�r� 

�s�p�r�i�n�g�.� �B�a�s�e�d� �o�n� �p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s� �c�a�r�r�y�i�n�g� �c�a�p�a�c�i�t�y� �w�a�s� 
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�e�s�t�i�m�a�t�e�d� �a�t� �s�i�x� �a�n�i�m�a�l�s� �(�3�.�1� �a�n�i�m�a�l� �u�n�i�t�;� �1� �A�U� �=� �4�5�0� �k�g� �B�W�)� 

�p�e�r� �h�e�c�t�a�r�e� �f�o�r� �t�h�e� �t�o�t�a�l� �g�r�a�z�i�n�g� �s�e�a�s�o�n�.� 

�B�e�c�a�u�s�e� �o�f� �a�n�o�t�h�e�r� �e�x�p�e�r�i�m�e�n�t� �t�h�e� �h�e�i�f�e�r�s� �w�e�r�e� �n�o�t� 

�a�v�a�i�l�a�b�l�e� �f�o�r� �g�r�a�z�i�n�g� �u�n�t�i�l� �J�u�n�e� �1�,� �1�9�8�7�.� �T�h�u�s� �t�h�e� �f�l�u�s�h� 

�s�p�r�i�n�g� �g�r�o�w�t�h� �w�a�s� �h�a�r�v�e�s�t�e�d� �f�o�r� �h�a�y� �i�n� �e�a�r�l�y� �M�a�y�.� �T�h�e� �6� 

�p�a�d�d�o�c�k�s� �w�e�r�e� �d�i�v�i�d�e�d� �i�n�t�o� �3� �b�l�o�c�k�s� �o�f� �2� �p�a�d�d�o�c�k�s� �f�o�r� 

�r�o�t�a�t�i�o�n�a�l� �g�r�a�z�i�n�g�.� �T�h�e� �2� �t�r�e�a�t�m�e�n�t� �g�r�o�u�p�s� �o�f� �1�2� �h�e�i�f�e�r�s� 

�w�e�r�e� �r�a�n�d�o�m�i�z�e�d� �t�o� �t�h�e� �2� �p�a�d�d�o�c�k�s� �i�n� �e�a�c�h� �b�l�o�c�k� �e�a�c�h� �t�i�m�e� 

�t�h�e� �h�e�i�f�e�r�s� �w�e�r�e� �s�w�i�t�c�h�e�d� �t�o� �a� �f�r�e�s�h� �p�a�s�t�u�r�e�.� �T�h�e� �h�e�i�f�e�r�s� 

�w�e�r�e� �s�w�i�t�c�h�e�d� �t�o� �a� �f�r�e�s�h� �p�a�s�t�u�r�e� �w�h�e�n� �i�t� �w�a�s� �e�s�t�i�m�a�t�e�d� �t�h�a�t� 

�t�h�e� �a�v�a�i�l�a�b�l�e� �f�o�r�a�g�e� �h�a�d� �d�e�c�l�i�n�e�d� �t�o� �a� �p�o�i�n�t� �t�o� �d�e�p�r�e�s�s� 

�i�n�t�a�k�e�.� �A�t� �t�h�e� �t�i�m�e� �w�h�e�n� �a�n�i�m�a�l�s� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �a� 

�p�a�s�t�u�r�e� �b�e�i�n�g� �g�r�a�z�e�d�,� �t�h�e� �u�n�g�r�a�z�e�d� �f�o�r�a�g�e� �r�a�n�g�e�d� �f�r�o�m� �5� �t�o� 

�2�5� �c�m� �i�n� �h�e�i�g�h�t� �(�a�b�o�u�t� �8�0�0� �k�g� �D�M�/�h�a�)�.� �T�h�e� �t�a�l�l� �f�e�s�c�u�e� �w�a�s� 

�r�a�r�e�l�y� �g�r�a�z�e�d� �e�x�c�e�p�t� �d�u�r�i�n�g� �a�u�t�u�m�n�.� 

�A�n�i�m�a�l�s�,� �s�u�p�p�l�e�m�e�n�t� �a�n�d� �m�e�a�s�u�r�e�m�e�n�t�s� 

�T�w�e�n�t�y�-�f�o�u�r� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �w�i�t�h� �a�v�e�r�a�g�e� �B�W� �o�f� �2�9�5� �k�g� 

�a�n�d� �1�3�.�2� �m�o� �o�l�d� �w�e�r�e� �p�a�i�r�e�d� �i�n�t�o� �g�r�o�u�p�s� �o�f� �2� �a�n�i�m�a�l�s� �b�a�s�e�d� 

�o�n� �a�g�e� �a�n�d� �w�e�i�g�h�t� �a�n�d� �a�i�r�m�a�t�e�s� �w�e�r�e� �t�h�e�n� �r�a�n�d�o�m�l�y� �s�p�l�i�t� �i�n�t�o� 

�t�w�o� �g�r�o�u�p�s� �(�G�l� �a�n�d� �G�2�)�.� �D�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �2�8� �d� �g�r�a�z�i�n�g� 

�p�e�r�i�o�d� �G�l� �w�a�s� �f�e�d� �c�r�a�c�k�e�d� �c�o�r�n� �(�2�.�0� �k�g�/�d�)� �a�n�d� �G�2� �h�a�d� �o�n�l�y� 

�p�a�s�t�u�r�e� �f�o�r�a�g�e�.� �D�u�r�i�n�g� �e�a�c�h� �o�f� �5� �s�u�b�s�e�q�u�e�n�t� �2�8� �d� �p�e�r�i�o�d�s�,� 

�6�8



�t�h�e� �s�u�p�p�l�e�m�e�n�t� �w�a�s� �s�w�i�t�c�h�e�d� �b�e�t�w�e�e�n� �g�r�o�u�p�s�.� �B�e�c�a�u�s�e� �o�f� 

�d�r�o�u�g�h�t� �d�u�r�i�n�g� �t�h�e� �4�t�h� �p�e�r�i�o�d�,� �h�e�i�f�e�r�s� �w�e�r�e� �f�e�d� �i�n� �d�r�y�l�o�t�.� 

�M�e�a�s�u�r�e�m�e�n�t�s� �t�a�k�e�n� �w�e�r�e� �B�W� �t�w�i�c�e� �m�o�n�t�h�l�y�,� �w�i�t�h�e�r� �h�e�i�g�h�t� �(�W�H�)� 

�a�n�d� �h�e�a�r�t� �g�i�r�t�h� �(�H�G�)� �m�o�n�t�h�l�y�.� 

�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� 

�D�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �t�h�e� �G�e�n�e�r�a�l� �L�i�n�e�a�r� �M�o�d�e�l� �o�f� �S�A�S� 

�(�2�4�4�)�.� �H�e�i�f�e�r�s� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �a�s� �c�o�m�p�l�e�t�e� 

�b�l�o�c�k� �d�e�s�i�g�n� �w�i�t�h� �h�e�i�f�e�r�s� �a�s� �b�l�o�c�k� �a�n�d� �n�o�n�r�a�n�d�o�m� �r�e�p�e�a�t�e�d� 

�m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�h�e� �u�n�i�t�s� �(�h�e�i�f�e�r�s�)� �w�e�r�e� �t�a�k�e�n� �f�o�l�l�o�w�i�n�g� 

�d�e�s�c�r�i�p�t�i�o�n� �b�y� �G�i�l�l� �(�9�3�)�.� �T�h�e� �m�o�d�e�l� �w�a�s�:� 

�Y�i�j�k�l� �=� �u� �+� �T�i� �+� �G�j� �+� �(�T�G�)�i�j� �+� �H�(�j�)�k� �+� �T�H�(�j�)�i�k� �+� �P�l� �+� 

�(�T�P�)�i�l� �+� �(�G�P�)�j�1�l� �+� �(�T�G�P�)�i�j�l� �+� �E�i�j�k�l�,� �w�h�e�r�e�:� 

�Y�i�j�k�l� �=� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �o�f� �h�e�i�f�e�r� �k� �i�n� �g�r�o�u�p� �j� �f�o�r� 

�t�r�e�a�t�m�e�n�t� �i� �i�n� �p�e�r�i�o�d� �1�.� 

�u� �=� �o�v�e�r�a�l�l� �m�e�a�n�.� 

�T�i� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �s�u�p�p�l�e�m�e�n�t� �i�,� �i�=�1�,�2�.� 

�G�j� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �g�r�o�u�p� �j�,� �j�=�1�,�2�.� 

�(�T�G�)� �i�j�=� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t� �o�f� �g�r�o�u�p� �j�,� �a�n�d� �t�r�e�a�t�m�e�n�t� �i�.� 

�H�(�j�)�k� �=� �r�a�n�d�o�m� �e�f�f�e�c�t� �o�f� �h�e�i�f�e�r� �k�,� �i�n� �g�r�o�u�p� �j�.� 

�T�H�(�j�)�i�k�=� �r�a�n�d�o�m� �e�f�f�e�c�t� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�r�e�a�t�m�e�n�t� �i� 

�a�n�d� �h�e�i�f�e�r� �k�.� 

�P�l� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �p�e�r�i�o�d� �(�2�8� �d�)� �1�,� �1�=�1�,�.�.�5�.� 
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�(�T�P�)�i�l� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�r�e�a�t�m�e�n�t� �i� 

�a�n�d� �p�e�r�i�o�d� �l�.� 

�(�G�P�)�j�l� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �g�r�o�u�p� �j� �a�n�d� 

�p�e�r�i�o�d� �l�.� 

�(�T�G�P�)� �i�j�l�=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �a�m�o�n�g� �t�r�e�a�t�m�e�n�t� �i�,� 

�g�r�o�u�p� �j� �a�n�d� �p�e�r�i�o�d� �l�.� 

�E�i�j�k�l�m� �=� �r�a�n�d�o�m� �r�e�s�i�d�u�a�l�.� 

�D�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�r�e�a�t�m�e�n�t�s� �a�n�d� �t�r�e�a�t�m�e�n�t� �b�y� �g�r�o�u�p� 

�i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �t�e�s�t�e�d� �b�y� �t�r�e�a�t�m�e�n�t� �b�y� �h�e�i�f�e�r� �i�n�t�e�r�a�c�t�i�o�n� 

�a�s� �t�h�e� �e�r�r�o�r� �t�e�r�m�;� �a�n�d� �H�(�j�)�k� �a�n�d� �T�H�(�j�)�i�k� �w�e�r�e� �u�s�e�d� �t�o� �t�e�s�t� 

�d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �g�r�o�u�p�s�.� �P�e�r�i�o�d� �a�n�d� �p�e�r�i�o�d� �i�n�t�e�r�a�c�t�i�o�n�s� 

�w�e�r�e� �t�e�s�t�e�d� �b�y� �t�h�e� �r�e�s�i�d�u�a�l� �e�r�r�o�r� �t�e�r�m�.� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�G�r�a�z�i�n�g� �b�e�g�a�n� �J�u�n�e� �1� �a�n�d� �l�a�s�t�e�d� �f�o�r� �1�4�0� �d� �t�o� �N�o�v�e�m�b�e�r� 

�1�7�,� �1�9�8�7�.� �F�r�o�m� �A�u�g�u�s�t� �2�4� �t�o� �S�e�p�t�e�m�b�e�r� �2�3� �t�h�e� �h�e�i�f�e�r�s� �w�e�r�e� 

�r�e�m�o�v�e�d� �f�r�o�m� �p�a�s�t�u�r�e� �d�u�e� �t�o� �e�x�t�r�e�m�e� �d�r�o�u�g�h�t� �a�n�d� �w�e�r�e� �f�e�d� �a�s� 

�o�n�e� �g�r�o�u�p� �i�n� �c�o�n�f�i�n�e�m�e�n�t�.� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �2� �c�o�n�t�a�i�n�s� �t�h�e� 

�c�l�i�m�a�t�e� �d�a�t�a� �f�o�r� �t�h�e� �p�e�r�i�o�d� �(�1�9�5�)�.� �D�u�r�i�n�g� �t�h�i�s� �3�0� �d�a�y� 

�p�e�r�i�o�d�,� �t�h�e� �a�n�i�m�a�l�s� �r�e�c�e�i�v�e�d� �a� �r�a�t�i�o�n� �c�o�n�t�a�i�n�i�n�g� �1�0�%� �C�P� �f�r�o�m� 

�c�o�r�n� �s�i�l�a�g�e� �a�n�d� �s�o�y�b�e�a�n� �m�e�a�l�.� �E�x�p�e�c�t�e�d� �D�M� �i�n�t�a�k�e� �w�a�s� �2�.�5�%� �o�f� 

�B�W�,� �a�n�d� �a�v�e�r�a�g�e� �d�a�i�l�y� �g�a�i�n� �(�A�D�G�)� �w�a�s� �5�7�1� �g�/�d�.� 
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�I�n�i�t�i�a�l� �B�W�,� �f�o�r� �b�o�t�h� �g�r�o�u�p�s� �w�a�s� �2�9�5�.�0� �k�g� �(�T�a�b�l�e� �8�)�.� 

�F�i�n�a�l� �B�W� �f�o�r� �G�r�o�u�p� �1� �(�G�1�)� �a�n�d� �G�r�o�u�p� �2� �(�G�2�)� �w�a�s� �4�0�7� �a�n�d� �4�0�4� 

�k�g�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �G�r�o�u�p� �1� �w�a�s� �f�e�d� �s�u�p�p�l�e�m�e�n�t� �f�o�r� �7�7� �d� �a�n�d� 

�G�r�o�u�p� �2� �f�o�r� �5�6� �d�a� �d�u�r�i�n�g� �g�r�a�z�i�n�g�.� �A�v�e�r�a�g�e� �d�a�i�l�y� �g�a�i�n�s� �w�e�r�e� 

�7�1�0� �a�n�d� �7�0�8� �g�/�d� �f�o�r� �G�l� �a�n�d� �G�2�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�n�d� �d�i�d� �n�o�t� 

�d�i�f�f�e�r� �(�P�>�.�0�5�)�.� �T�h�e�s�e� �g�a�i�n�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �r�e�s�u�l�t�s� �o�f� �(�2�6�3�)� 

�b�u�t� �l�o�w�e�r� �t�h�a�n� �1�0�0�0� �g�/�d� �r�e�p�o�r�t�e�d� �b�y� �(�5�1�)� �w�h�e�n� �H�o�l�s�t�e�i�n� 

�h�e�i�f�e�r�s� �w�e�r�e� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �c�e�r�e�a�l� �g�r�a�i�n� �w�h�i�l�e� �g�r�a�z�i�n�g�.� 

�E�f�f�e�c�t� �o�f� �c�o�r�n� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �o�n� �a�c�t�u�a�l� �B�W� �a�n�d� �d�a�i�l�y� 

�g�a�i�n�s� �(�T�a�b�l�e� �9�)�,� �s�h�o�w� �t�h�a�t� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �i�n�c�r�e�a�s�e�d� �A�D�G�,� 

�e�x�c�e�p�t� �f�o�r� �p�e�r�i�o�d� �6�.� �H�o�w�e�v�e�r�,� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �t�r�i�a�l� �b�o�d�y� 

�w�e�i�g�h�t�s� �w�e�r�e� �s�i�m�i�l�a�r� �f�o�r� �g�r�o�u�p�s� �b�e�c�a�u�s�e� �o�f� �a�l�t�e�r�n�a�t�e� �p�e�r�i�o�d�s� 

�o�f� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n�.� �M�e�a�n�s� �f�o�r� �W�H� �w�e�r�e� �1�2�3�.�2� �a�n�d� �1�2�4�.�7� �c�m� 

�a�n�d� �f�o�r� �h�e�a�r�t� �g�i�r�t�h� �1�7�3�.�5� �a�n�d� �1�7�2�.�3� �c�m� �f�o�r� �G�l� �a�n�d� �G�2�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� 

�U�s�u�a�l�l�y�,� �t�h�e� �p�e�r�i�o�d�s� �w�h�e�n� �f�e�e�d�i�n�g� �2� �k�g�/�d� �o�f� �c�o�r�n� 

�r�e�s�u�l�t�e�d� �i�n� �h�i�g�h�e�r� �w�e�i�g�h�t� �g�a�i�n�s� �t�h�a�n� �f�o�r� �t�h�e� �a�l�t�e�r�n�a�t�e� 

�p�e�r�i�o�d�s� �w�i�t�h�o�u�t� �c�o�r�n� �(�8�0�7� �v�s� �5�5�1� �g�/�d�)�.� �H�e�a�r�t� �g�i�r�t�h� 

�m�e�a�s�u�r�e�m�e�n�t�s� �(�1�7�1�.�7� �v�s� �1�7�4�.�2� �c�m�)� �w�e�r�e� �d�i�f�f�e�r�e�n�t� �(�P�<�.�0�5�)� �f�o�r� 

�p�e�r�i�o�d�s� �o�f� �s�u�p�p�l�e�m�e�n�t� �v�e�r�s�u�s� �n�o� �s�u�p�p�l�e�m�e�n�t� �f�e�e�d�i�n�g�.� 
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�T�a�b�l�e� �8�.� �P�r�o�d�u�c�t�i�o�n� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�w�o� �g�r�o�u�p�s� �o�f� �H�o�l�s�t�e�i�n� 
�h�e�i�f�e�r�s� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �c�r�a�c�k�e�d� �c�o�r�n� �i�n� �a�l�t�e�r�n�a�t�e� 
�2�8�-�d� �p�e�r�i�o�d�s� �d�u�r�i�n�g� �a� �1�4�0� �d�a�y� �g�r�a�z�i�n�g� �p�e�r�i�o�d� �(�1�9�8�7�)� 
�o�n� �a� �g�r�a�s�s�-�l�e�g�u�m�e� �m�i�x�t�u�r�e�.� 
� � 

�S�u�p�p�l�e�m�e�n�t�e�d� �i�n� 
�a�l�t�e�r�n�a�t�e� �2�8�-�d� 

�S�u�p�p�l�e�m�e�n�t�e�d� �i�n� 
�a�l�t�e�r�n�a�t�e� �2�8�-�d� 

� � 

�p�e�r�i�o�d�s� �p�e�r�i�o�d�s� 

�I�t�e�m� �G�l� �G�2� �N�S� �S� �O�v�e�r�a�l�l� 

�A�g�e�,� �m�o� �i�n�i�t�i�a�l� �1�3�.�4� �1�2�.�9� �1�2�.�9� �1�3�.�4� �1�3�.�1� 
�f�i�n�a�l� �1�9�.�0� �1�8�.�5� �1�8�.�5� �1�9�.�0� �1�8�.�5� 

�B�W�,�k�g� �i�n�i�t�i�a�l� �2�9�5�.�0� �2�9�5�.�0� �2�9�5�.�0� �2�9�5�.�0� �2�9�5�.�0� 
�f�i�n�a�l� �4�0�7�.�0� �4�0�4�.�1� �4�0�1�.�0� �4�0�5�.�4� �4�0�5�.�0� 

�W�H�,� �c�m� �i�n�i�t�i�a�l� �1�1�8�.�4� �1�1�9�.�4� �1�1�9�.�4� �1�1�9�.�1� �1�1�8�.�9� 
�f�i�n�a�l� �1�2�6�.�5� �1�2�8�.�5� �1�2�8�.�4� �1�2�6�.�5� �1�2�7�.�5� 

�H�G�,� �c�m� �i�n�i�t�i�a�l� �1�6�3�.�1� �1�6�0�.�5� �1�6�2�.�0� �1�6�4�.�4� �1�6�1�.�8� 
�f�i�n�a�l� �1�8�3�.�9� �1�8�2�.�9� �1�8�3�.�0� �1�8�4�.�0� �1�8�3�.�4� 

�L�e�a�s�t� �S�q�u�a�r�e� �M�e�a�n�s�:� 
�B�W�,� �k�g� �3�5�6�.�0� �3�4�6�.�8�(�3�.�0�)� �3�5�1�.�1� �3�5�2�.�0�(�1�4�.�0�)� 
�W�H�,� �c�m� �1�2�3�.�2� �1�2�4�.�7�(�5�.�7�)� �1�2�3�.�7� �1�2�4�.�2�(�6�.�3�)� 
�H�G�,� �c�m� �1�7�3�.�5� �1�7�2�.�7�(�5�.�9�)� �1�7�1�.�7� �1�7�4�.�2�(�.�4�)� 
�A�D�G�,� �k�g�/�d�a�y� �-�7�1�0� �-�7�0�8�(�.�0�2�)� �-�5�8�1� �-�8�3�7�(�.�2�0�)� 
� � 

�N�u�m�b�e�r�s� �i�n� �p�a�r�e�n�t�h�e�s�i�s� �a�r�e� �S�E� �f�o�r� �n�=�1�2�.� 
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�T�a�b�l�e� �9�.� �E�f�f�e�c�t� �o�f� �a�l�t�e�r�n�a�t�e� �p�e�r�i�o�d�s� �o�f� �c�o�r�n� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� 
�o�n� �B�W� �a�n�d� �d�a�i�l�y� �g�a�i�n� �o�f� �g�r�a�z�i�n�g� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� 
�f�r�o�m� �J�u�n�e�-�O�c�t�o�b�e�r�,� �1�9�8�7�.� 
� � 

� � � � 

� � 

�z�e�r�o� �C�o�r�n� �T�w�o� �k�g� �C�o�r�n� 

�P�e�r�i�o�d� �B�o�d�y� �w�t� �G�a�i�n� �(�A�D�G�)� �B�o�d�y� �w�t� �G�a�i�n� �(�A�D�G�)� 
�(�2�8� �d�a�y�)� �(�k�g�)� �(�k�g�/�d�a�y�)� �(�k�g�)� �(�k�g�/�d�a�y�)� 

�0� �2�9�5�.�0� �-� �2�9�5�.�0� �-� 
�1� �3�0�0�.�1� �0�.�2�0�9� �3�1�0�.�7� �0�.�6�9�5� 
�2� �3�2�7�.�5� �0�.�5�7�4� �3�1�8�.�1� �0�.�8�8�5� 
�3� �3�3�6�.�0� �0�.�5�0�6� �3�5�2�.�7� �0�.�8�5�8� 
�4�x� �3�5�2�.�0� �0�.�5�7�1� �3�6�8�.�7� �0�.�5�7�1� 
�5� �3�8�4�.�5� �0�.�8�9�2� �3�7�7�.�0� �1�.�0�8�8� 
�6� �4�0�2�.�6� �0�.�5�7�4� �4�0�6�.�2� �0�.�5�0�7� 

�M�e�a�n� �3�5�0�.�1�+�0�.�0�3�2�2� �0�.�5�5�1�+�0�.�1�1�8�1� �3�5�2�.�9�4�0�.�0�3�2�1� �0�.�8�0�7�+�0�.�1�1�8�1� 
� � 

�*�F�e�d� �s�a�m�e� �d�i�e�t� �i�n� �d�r�y�l�o�t� �d�u�r�i�n�g� �s�e�v�e�r�e� �d�r�o�u�g�h�t�.� 

�1�s�.�E�.� 
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�S�i�g�n�i�f�i�c�a�n�t� �s�u�p�p�l�e�m�e�n�t� �p�e�r�i�o�d� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� 

�o�b�s�e�r�v�e�d� �f�o�r� �A�D�G� �(�P�<�.�0�1�)� �a�n�d� �W�H� �(�P�<�.�0�1�)�.� �T�h�e�s�e� �i�n�t�e�r�a�c�t�i�o�n�s� 

�p�o�s�s�i�b�l�y� �c�o�u�l�d� �b�e� �e�x�p�l�a�i�n�e�d� �b�y� �p�a�s�t�u�r�e� �a�v�a�i�l�a�b�i�l�i�t�y� �a�n�d� 

�q�u�a�l�i�t�y� �v�a�r�y�i�n�g� �d�u�r�i�n�g� �t�h�e� �2�8� �d� �p�e�r�i�o�d�s�,� �e�s�p�e�c�i�a�l�l�y� �s�i�n�c�e� 

�1�9�8�7� �h�a�d� �a�n� �e�x�t�e�n�d�e�d� �d�r�o�u�g�h�t� �s�e�a�s�o�n� �(�A�p�p�e�n�d�i�x� �T�a�b�l�e� �2�)�.� 

�S�i�n�c�e� �i�t� �i�s� �k�n�o�w�n� �t�h�a�t� �e�n�e�r�g�y� �s�u�p�p�l�e�m�e�n�t�s� �t�o� �g�r�a�z�i�n�g� �a�n�i�m�a�l�s� 

�g�e�n�e�r�a�l�l�y� �i�n�c�r�e�a�s�e�s� �D�M�,� �c�h�a�n�g�e�s� �i�n� �q�u�a�n�t�i�t�y� �o�r� �q�u�a�l�i�t�y� �o�f� 

�f�o�r�a�g�e� �a�m�o�n�g� �t�h�e� �p�e�r�i�o�d�s� �c�o�u�l�d� �a�l�t�e�r� �t�h�e� �r�e�l�a�t�i�v�e� �r�e�s�p�o�n�s�e�s� 

�o�f� �h�e�i�f�e�r�s� �f�e�d� �o�r� �n�o�t� �f�e�d� �g�r�a�i�n� �a�m�o�n�g� �p�e�r�i�o�d�s�.� 

�E�x�p�e�r�i�m�e�n�t� �2�.� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�Y�o�u�n�g� �h�e�i�f�e�r�s� �w�e�r�e� �u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �a� 

�a�r�y�l�o�t� �f�e�e�d�i�n�g� �f�o�l�l�o�w�e�d� �b�y� �g�r�a�z�i�n�g� �a�l�o�n�e� �a�n�d� �w�i�t�h� �e�n�e�r�g�y� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �d�u�r�i�n�g� �t�h�e� �g�r�a�z�i�n�g� �s�e�a�s�o�n� �o�f� �1�9�8�8�.� �B�e�f�o�r�e� 

�s�t�a�r�t� �o�f� �g�r�a�z�i�n�g� �i�n� �M�a�y�,� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �w�e�r�e� �w�i�n�t�e�r�e�d� �i�n� 

�c�o�n�f�i�n�e�m�e�n�t� �f�o�r� �1�2�9� �d�a� �b�e�t�w�e�e�n� �D�e�c�e�m�b�e�r�,� �1�9�8�7� �a�n�d� �A�p�r�i�l�,� 

�1�9�8�8�.� 
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�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�D�r�y�l�o�t� �p�h�a�s�e� 

�I�n� �t�h�e� �d�r�y�l�o�t� �p�h�a�s�e�,� �1�6� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �a�v�e�r�a�g�i�n�g� �2�0�6� 

�k�g� �a�n�d� �9�.�2� �m�o� �o�f� �a�g�e� �(�h�e�a�v�i�e�s�,� �H�)� �a�n�d� �1�6� �a�v�e�r�a�g�i�n�g� �1�2�9� �k�g� 

�a�n�d� �5�.�6� �m�o� �o�f� �a�g�e� �(�l�i�g�h�t�s�,� �L�)� �w�e�r�e� �e�a�c�h� �d�i�v�i�d�e�d� �a�g�a�i�n� �i�n�t�o� 

�t�w�o� �g�r�o�u�p�s�.� �A�n�i�m�a�l�s� �(�H� �a�n�d� �L�)� �w�e�r�e� �p�a�i�r�e�d� �i�n�t�o� �s�i�m�i�l�a�r� 

�g�r�o�u�p�s� �o�f� �2� �a�n�d� �t�h�e�n� �r�a�n�d�o�m�i�z�e�d� �t�o� �o�n�e� �o�f� �t�w�o� �d�i�e�t�s�,� �h�i�g�h� 

�e�n�e�r�g�y� �(�H�E�)� �a�n�d� �l�o�w� �e�n�e�r�g�y� �(�L�E�)� �(�A�p�p�e�n�d�i�x� �T�a�b�l�e� �4�)�.� �T�h�u�s� 

�t�h�e� �t�r�e�a�t�m�e�n�t�s� �e�a�c�h� �w�i�t�h� �8� �h�e�i�f�e�r�s� �(�H�)� �a�n�d� �(�L�)� �e�a�c�h� �w�i�t�h� �H�E� 

�a�n�d� �L�E� �d�i�e�t�s� �w�e�r�e� �r�a�n�d�o�m�i�z�e�d� �i�n�t�o� �f�o�u�r� �p�e�n�s� �a�n�d� �e�a�c�h� 

�t�r�e�a�t�m�e�n�t� �d�i�e�t� �f�e�d� �f�r�o�m� �a� �P�i�n�p�o�i�n�t�e�r� �4�0�0�0�-�B�.� �D�i�e�t�s� �w�e�r�e� 

�c�a�l�c�u�l�a�t�e�d� �t�o� �c�o�n�t�a�i�n� �8�5�%� �(�L�E�)� �a�n�d� �1�0�5�%� �(�H�E�)� �o�f� �r�e�c�o�m�m�e�n�d�e�d� 

�T�D�N� �(�1�9�8�)�.� �I�n�g�r�e�d�i�e�n�t�s� �a�s� �p�e�r�c�e�n�t� �o�f� �d�i�e�t� �a�n�d� �c�h�e�m�i�c�a�l� 

�a�n�a�l�y�s�i�s� �o�f� �d�i�e�t�s� �a�r�e� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �4�.� �D�i�e�t�s� �w�e�r�e� �m�i�x�e�d� 

�a�s� �T�M�R� �b�e�f�o�r�e� �n�o�o�n� �a�n�d� �d�e�l�i�v�e�r�e�d� �t�o� �t�h�e� �f�e�e�d� �b�u�n�k� �a�t� �1�3�0�0� �h�.� 

�Q�u�a�n�t�i�t�y� �o�f� �f�e�e�d� �w�a�s� �o�f�f�e�r�e�d� �t�o� �a�l�l�o�w� �b�e�t�w�e�e�n� �5� �a�n�d� �1�0�%� �t�o� 

�r�e�m�a�i�n� �a�f�t�e�r� �2�4� �h�.� �H�e�i�f�e�r�s� �h�a�d� �a�c�c�e�s�s� �t�o� �t�h�e� �f�e�e�d� �a�t� �a�l�l� 

�t�i�m�e�s�.� �D�a�i�l�y� �i�n�t�a�k�e� �f�o�r� �i�n�d�i�v�i�d�u�a�l� �h�e�i�f�e�r�s� �w�a�s� �r�e�c�o�r�d�e�d� 

�a�u�t�o�m�a�t�i�c�a�l�l�y� �b�y� �c�o�m�p�u�t�e�r�i�z�e�d� �w�e�i�g�h� �c�e�l�l�.� 

�P�a�s�t�u�r�e� �p�h�a�s�e� 

�O�f� �t�h�e� �8� �h�e�i�f�e�r�s� �i�n� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �d�r�y�l�o�t� �t�r�e�a�t�m�e�n�t�s�,� 

�f�o�u�r� �a�n�i�m�a�l�s� �w�e�r�e� �r�a�n�d�o�m�i�z�e�d� �t�o� �G�l� �a�n�d� �G�2�;� �h�e�n�c�e� �1�6� �h�e�i�f�e�r�s� 
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�i�n� �e�a�c�h� �g�r�o�u�p�.� �G�r�a�z�i�n�g�,� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �m�e�a�s�u�r�e�m�e�n�t�s� 

�f�o�l�l�o�w�e�d� �t�h�e� �r�o�u�t�i�n�e� �o�f� �E�x�p�e�r�i�m�e�n�t� �1�.� 

�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� �f�o�r� �d�r�y�l�o�t� �p�h�a�s�e� 

�H�e�i�f�e�r� �r�e�s�p�o�n�s�e� �w�a�s� �a�n�a�l�y�z�e�d� �w�i�t�h� �r�a�n�d�o�m�i�z�e�d� �d�e�s�i�g�n� �b�y� 

�A�N�O�V�A�.� �T�h�e� �m�o�d�e�l� �w�a�s�:� 

�Y�i�j�k� �=�u� �+� �S�i� �+� �D�j� �+� �(�S�D�)�i�j� �+� �H�(�i�j�)�k� �+�E�i�j�k�l�,� �w�e�r�e�:� 

�Y�i�j�k� �=� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �o�f� �h�e�i�f�e�r� �k� �i�n� �d�i�e�t� �j� �a�n�d� 

�s�i�z�e� �i�.� 

�u� �=� �o�v�e�r�a�l�l� �p�o�p�u�l�a�t�i�o�n� �m�e�a�n�.� 

�S�i� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �s�i�z�e� �i�,� �i�=�1�,�2�.� 

�D�j� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �d�i�e�t� �j�,� �j�=�1�,�2�.� 

�(�S�D�)� �i�j�=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �s�i�z�e� �i� �a�n�d� 

�d�i�e�t� �j�.� 

�H�(�i�j�)�k�=� �r�a�n�d�o�m� �e�f�f�e�c�t� �o�f� �h�e�i�f�e�r� �k� �i�n� �d�i�e�t� �j� �a�n�d� �s�i�z�e� �i�.� 

�E�i�j�k�l� �=� �r�a�n�d�o�m� �r�e�s�i�d�u�a�l�.� 

�D�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �s�i�z�e�s�,� �d�i�e�t�s� �a�n�d� �s�i�z�e� �b�y� �d�i�e�t� 

�i�n�t�e�r�a�c�t�i�o�n� �w�e�r�e� �t�e�s�t�e�d� �b�y� �h�e�i�f�e�r� �w�i�t�h�i�n� �d�i�e�t� �a�n�d� �s�i�z�e� �a�s� �a�n� 

�e�r�r�o�r� �t�e�r�m�.� 
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�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� �-� �p�a�s�t�u�r�e� �p�h�a�s�e� 

�H�e�i�f�e�r� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�s� �w�a�s� �a�n�a�l�y�z�e�d� �a�s� �a� �r�e�p�e�a�t�e�d� 

�m�e�a�s�u�r�e�m�e�n�t� �s�p�l�i�t�-�p�l�o�t� �w�i�t�h� �h�e�i�f�e�r�s� �a�s� �a�n� �i�n�c�o�m�p�l�e�t�e� �b�l�o�c�k�.� 

�T�h�e� �m�o�d�e�l� �w�a�s�:� 

�Y�i�j�k�l�m� �=� �u� �+� �S�i� �+� �T�j� �+� �(�S�T�)�i�j� �+� �G�(�i�j�)�k� �+� �H�(�i�j�k�)�1� �+� �P�m� �+� 

�(�S�P�)�i�m� �+� �(�T�P�)�j�m� �+� �(�S�T�P�)�i�j�m� �+� �E�i�j�k�l�m�,� �w�h�e�r�e�:� 

�Y�i�j�k�l�m� �=� �o�v�e�r�a�l�l� �r�e�s�p�o�n�s�e�.� 

�u� �=� �o�v�e�r�a�l�l� �p�o�p�u�l�a�t�i�o�n� �m�e�a�n�.� 

�S�i� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �h�e�i�f�e�r� �s�i�z�e� �i�,� �i�=� �1�.�2�.� 

�T�j� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �t�r�e�a�t�m�e�n�t� �(�e�n�e�r�g�y�)� �j�,� �j�=�1�.�2�.� 

�(�S�T�)�i�j� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�r�e�a�t�m�e�n�t� �i� 

�a�n�d� �s�i�z�e� �j�.� 

�G�(�i�j�)�k� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �g�r�o�u�p� �k� �i�n� �t�r�e�a�t�m�e�n�t� �j� �a�n�d� 

�S�i�z�e� �i�.� 

�H�(�i�j�k�)�l�=� �r�a�n�d�o�m� �e�f�f�e�c�t� �o�f� �h�e�i�f�e�r� �1� �i�n� �g�r�o�u�p� �k�,� �t�r�e�a�t�m�e�n�t� �j� 

�a�n�d� �s�i�z�e� �i�.� 

�P�m� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �p�e�r�i�o�d� �m�,� �m�=�1�.�.�6�.� 

�(�S�P�)�i�m� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �s�i�z�e� 

�i� �a�n�d� �p�e�r�i�o�d� �m�.� 

�(�T�P�)� �j�m� �=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�r�e�a�t�m�e�n�t� �j� 

�a�n�d� �p�e�r�i�o�d� �n�m�.� 

�(�S�T�P�)� �i�j�m�=� �f�i�x�e�d� �e�f�f�e�c�t� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �a�m�o�n�g� �p�e�r�i�o�d� �n�,� 

�t�r�e�a�t�m�e�n�t� �j� �a�n�d� �s�i�z�e� �i�.� 

�E�i�j�k�l�m� �=� �r�a�n�d�o�m� �r�e�s�i�d�u�a�l�.� 
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�D�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �s�i�z�e�s�,� �t�r�e�a�t�m�e�n�t�s� �(�e�n�e�r�g�y�)�,� 

�i�n�t�e�r�a�c�t�i�o�n� �s�i�z�e� �b�y� �t�r�e�a�t�m�e�n�t� �a�n�d� �g�r�o�u�p� �w�i�t�h�i�n� �s�i�z�e� �b�y� 

�t�r�e�a�t�m�e�n�t� �w�e�r�e� �t�e�s�t�e�d� �b�y� �h�e�i�f�e�r� �n�e�s�t�e�d� �w�i�t�h�i�n� �g�r�o�u�p�,� 

�t�r�e�a�t�m�e�n�t� �a�n�d� �s�i�z�e� �a�s� �a�n� �e�r�r�o�r� �t�e�r�m�.� �P�e�r�i�o�d� �a�n�d� �p�e�r�i�o�d� 

�i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �t�e�s�t�e�d� �b�y� �t�h�e� �r�e�s�i�d�u�a�l� �e�r�r�o�r� �t�e�r�m� �E�i�j�k�l�n�.� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�D�r�y�l�o�t� �p�h�a�s�e� 

�L�e�a�s�t� �s�q�u�a�r�e�s� �m�e�a�n�s� �(�T�a�b�l�e� �1�0�)� �f�o�r� �A�D�G� �i�n� �g�/�d� �w�e�r�e� �1�1�9�0� 

�(�H�E�)� �a�n�d� �9�9�0� �(�L�E�)�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�n�d� �w�e�r�e� �d�i�f�f�e�r�e�n�t� �(�P�<�.�0�1�)�.� 

�M�e�a�n�s� �f�o�r� �a�c�t�u�a�l� �B�W�,� �H�G� �a�n�d� �D�M� �i�n�t�a�k�e� �(�D�M�I�,� �k�g�/�d�)� �d�i�d� �n�o�t� 

�d�i�f�f�e�r� �b�y� �d�i�e�t� �(�P�>�.�0�5�)�.� �W�H� �(�c�m�)� �w�e�r�e� �1�1�2�.�3� �(�H�E�)� �a�n�d� �1�0�9�.�8� 

�(�L�E�)� �a�n�d� �w�e�r�e� �i�n�f�l�u�e�n�c�e�d� �b�y� �d�i�e�t� �(�P�<�.�0�5�)�.� 

�A�s� �e�x�p�e�c�t�e�d�,� �s�i�z�e� �o�f� �h�e�i�f�e�r�s� �h�a�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �o�n� 

�B�W�,� �A�D�G�,� �D�M�I�,� �W�H� �a�n�d� �H�G�.� �T�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� 

�s�i�z�e�-�d�i�e�t� �i�n�t�e�r�a�c�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �h�i�g�h�e�r� �D�M�I� �f�o�r� �L�E� �d�i�e�t� 

�a�S� �c�o�m�p�a�r�e�d� �t�o� �H�E� �d�i�e�t�,� �f�o�r� �b�o�t�h� �h�e�i�f�e�r� �s�i�z�e�s� �(�H� �a�n�d� �L�)� 

�c�a�u�s�e�d� �s�i�m�i�l�a�r� �r�a�t�e�s� �o�f� �g�a�i�n�s� �f�o�r� �H� �a�n�d� �L� �h�e�i�f�e�r�s�.� �B�a�i�l�e� 

�a�n�d� �D�e�l�l�a�-�F�e�r�a� �(�1�5�)� �f�o�u�n�d� �t�h�a�t� �g�r�o�w�i�n�g� �a�n�i�m�a�l�s� �r�e�g�u�l�a�t�e� �f�e�e�d� 

�c�o�n�s�u�m�p�t�i�o�n� �t�o� �m�a�i�n�t�a�i�n� �a� �r�e�l�a�t�i�v�e�l�y� �s�t�e�a�d�y� �r�a�t�e� �o�f� �g�a�i�n�,� 

�e�v�e�n� �u�n�d�e�r� �d�i�f�f�e�r�e�n�t� �e�n�v�i�r�o�n�m�e�n�t�a�l� �a�n�d� �f�e�e�d�i�n�g� �c�o�n�d�i�t�i�o�n�s�.� 

�7�8



�T�a�b�l�e� �1�0�.� �P�e�r�f�o�r�m�a�n�c�e� �o�f� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �w�i�t�h� �l�o�w� �a�n�d� �h�i�g�h� �e�n�e�r�g�y� 
�d�i�e�t�s� �i�n� �c�o�n�f�i�n�e�m�e�n�t� �f�e�e�d�i�n�g� �f�r�o�m� �D�e�c�e�m�b�e�r� �1�9�8�7� �u�n�t�i�l� 
�A�p�r�i�l� �1�9�8�8� �b�e�f�o�r�e� �t�u�r�n�i�n�g� �o�u�t� �o�n� �p�a�s�t�u�r�e� �(�L�S� �m�e�a�n�s�)�.� 
� � 

� � 

� � 

�B�W� �A�D�G� �D�M�T� �W�H� �H�G� 
�(�k�g�)� �k�g�/�d� �k�g�/�d� �(�C�M�)� �(�C�M�)� 

�S�i�z�e�:� 
�H�e�a�v�i�e�s� �(�H�)� �2�8�5�.�9�%�*� �1�1�8�0�*� �7�.�7�%� �1�1�7�.�3�%�*�*� �1�5�7�.�7�*�*� 
�L�i�g�h�t�s� �(�L�)� �1�9�2�.�0�%�*�*� �1�0�0�0�*� �6�.�3�%�*�*� �1�0�4�.�5�%�*�*� �1�3�8�.�2�*�*� 

�D�i�e�t�:� 
�H�i�g�h� �e�n�e�r�g�y� �(�H�E�)� �2�4�4�.�2� �1�1�9�0�*�*� �6�.�7� �1�1�2�.�3�%� �1�4�8�.�7� 
�L�o�w� �e�n�e�r�g�y� �(�L�E�)� �2�3�3�.�8� �9�9�0�%�*�*� �7�.�5� �1�0�9�.�8�*� �1�4�7�.�2� 

�S�i�z�e�*�D�i�e�t�:� 
�H�*�H�E� �2�9�0�.�9� �1�2�6�0� �7�.�5� �1�1�9�.�8� �1�5�8�.�2� 
�H�*�L�E� �2�8�1�.�0� �1�1�2�0� �8�.�7� �1�1�5�.�5� �1�5�7�.�1� 
�L�*�H�E� �1�9�7�.�5� �1�1�3�0� �5�.�6� �1�0�5�.�6� �1�3�9�.�2� 
�L�*�L�E� �1�8�6�.�6� �8�8�0� �6�.�3� �1�0�4�.�1� �1�3�7�.�2� 

�*� �(�P�<�.�0�5�)� 
�*�k� �(�P�<�.�0�1�)� 
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�D�r�y� �m�a�t�t�e�r� �i�n�t�a�k�e�s� �a�n�d� �B�W� �f�o�r� �H�E� �a�n�d� �L�E� �d�i�e�t�s� �w�e�r�e� 

�h�i�g�h�e�r� �t�h�a�n� �t�h�e� �6�.�0� �k�g�/�d� �o�b�t�a�i�n�e�d� �f�o�r� �h�e�i�f�e�r�s� �o�f� �s�i�m�i�l�a�r� �B�W� 

�(�2�2�6� �t�o� �2�7�5� �k�g�,� �2�3�5�)�.� �H�e�a�v�i�e�r� �h�e�i�f�e�r�s� �o�n� �L�E� �d�i�e�t� �c�o�n�s�u�m�e�d� 

�m�o�r�e� �D�M� �(�8�.�7�)� �t�h�a�n� �h�e�i�f�e�r�s� �o�n� �H�E� �(�7�.�5� �k�g�/�d�)� �d�i�e�t�.� �T�h�e� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �D�M�I� �w�a�s� �n�o�t� �s�i�m�i�l�a�r� �(�6�.�3� �v�s� �5�.�6� �k�g�/�d�)�,� �f�o�r� 

�l�i�g�h�t� �h�e�i�f�e�r�s� �f�e�d� �l�o�w� �a�n�d� �h�i�g�h� �e�n�e�r�g�y� �d�i�e�t�s�.� �A�l�t�h�o�u�g�h� �n�o�t� 

�S�i�g�n�i�f�i�c�a�n�t�,� �h�e�i�f�e�r�s� �r�e�c�e�i�v�i�n�g� �L�E� �d�i�e�t� �h�a�d� �1�0�.�7�%� �(�7�.�5� �v�s� �6�.�7� 

�k�g�/�d�)� �h�i�g�h�e�r� �D�M�I� �t�h�a�n� �t�h�o�s�e� �o�n� �H�E� �d�i�e�t�.� �H�i�g�h�e�r� �D�M�I� �o�f� �L�E� 

�d�i�e�t�s� �a�g�r�e�e�s� �w�i�t�h� �d�a�t�a� �o�f� �Q�u�i�g�l�e�y� �(�2�2�7�)� �a�n�d� �B�a�i�l�e� �a�n�d� 

�P�f�a�n�d�e�r� �(�1�6�)�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �r�a�t�i�o�n�s� �w�e�r�e� �f�o�r�m�u�l�a�t�e�d� �f�o�r� �8�0�0� �g�/�d� �o�f� �A�D�G�,� 

�h�e�i�f�e�r�s� �f�e�d� �t�h�e�s�e� �r�a�t�i�o�n�s� �a�d� �l�i�b�i�t�u�m� �g�a�i�n�e�d� �a�b�o�v�e� �1�0�0�0� �g�/�d�,� 

�e�x�c�e�p�t� �f�o�r� �l�i�g�h�t� �h�e�i�f�e�r�s� �o�n� �L�E� �d�i�e�t� �t�h�a�t� �g�a�i�n�e�d� �8�8�0� �g�/�d�.� 

�T�h�e�s�e� �r�e�s�u�l�t�s� �c�o�n�f�i�r�m� �p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s� �o�f� �Q�u�i�g�l�e�y� �(�2�2�7�)�,� 

�R�i�c�h�a�r�d�s�o�n� �(�2�3�5�)�,� �a�n�d� �t�h�o�s�e� �r�e�p�o�r�t�e�d� �b�y� �J�a�m�e�s� �(�1�2�4�)�,� �t�h�a�t� 

�h�e�i�f�e�r�s� �i�n� �c�o�n�f�i�n�e�m�e�n�t� �g�a�i�n� �m�o�r�e� �w�e�i�g�h�t� �t�h�a�n� �e�x�p�e�c�t�e�d� �b�y� �N�R�C� 

�(�2�1�7�)�.� 

�P�a�s�t�u�r�e� �p�h�a�s�e� 

�T�h�e� �g�r�a�z�i�n�g� �d�a�y�s� �w�e�r�e� �1�8�4�.� �G�r�o�u�p� �o�n�e� �w�a�s� �s�u�p�p�l�e�m�e�n�t�e�d� 

�f�o�r� �4� �p�e�r�i�o�d�s� �o�f� �2�8� �d�a�d� �a�n�d� �t�h�e� �a�l�t�e�r�n�a�t�e� �g�r�o�u�p� �f�o�r� �3� �p�e�r�i�o�d�s�.� 

�I�n�i�t�i�a�l� �B�W� �a�f�t�e�r� �b�a�l�a�n�c�e�d� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n�t�o� �G�r�o�u�p�s� �(�G�l� �a�n�d� 

�G�2�)� �w�e�r�e� �3�1�6�.�4� �a�n�d� �3�1�5�.�5� �k�g� �a�t� �t�h�e� �s�t�a�r�t� �o�f� �g�r�a�z�i�n�g�.� �A�t� 

�t�h�i�s� �t�i�m�e�,� �h�e�a�v�y� �h�e�i�f�e�r�s� �a�v�e�r�a�g�e�d� �3�5�3�.�7� �a�n�d� �l�i�g�h�t� �h�e�i�f�e�r�s� 

�a�v�e�r�a�g�e�d� �2�5�5�.�1� �k�g� �B�W�.� 
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�H�e�i�f�e�r�s� �o�n� �b�o�t�h� �g�r�o�u�p�s� �h�a�d� �w�e�i�g�h�t� �l�o�s�s�e�s� �d�u�r�i�n�g� �t�h�e� 

�f�i�r�s�t� �1�4� �d� �o�f� �g�r�a�z�i�n�g�,� �b�u�t� �h�e�a�v�y� �a�n�i�m�a�l�s� �l�o�s�t� �t�h�e� �m�o�s�t� 

�w�e�i�g�h�t�.� �E�v�e�n� �w�i�t�h� �a� �v�e�r�y� �h�i�g�h� �p�a�s�t�u�r�e� �a�v�a�i�l�a�b�i�l�i�t�y� �s�u�c�h� 

�w�e�i�g�h�t� �l�o�s�s�e�s� �a�r�e� �n�o�r�m�a�l� �a�n�d� �r�e�f�l�e�c�t� �c�h�a�n�g�e�s� �i�n� �m�a�n�a�g�e�m�e�n�t� 

�a�n�d� �d�i�e�t�.� �D�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d� �t�h�e� �h�e�i�f�e�r�s� �m�a�d�e� �a�d�j�u�s�t�m�e�n�t�s� 

�i�n� �e�x�e�r�c�i�s�e�s�,� �w�a�l�k�i�n�g� �d�i�s�t�a�n�c�e�s� �t�o� �g�r�a�z�e�,� �a�n�d� �a�l�t�e�r�e�d� 

�c�o�n�t�e�n�t�s� �o�f� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�.� �P�a�s�t�u�r�e� �d�i�e�t�s� �i�n� �s�p�r�i�n�g� 

�a�r�e� �l�a�x�a�t�i�v�e�,� �h�e�n�c�e� �t�h�e� �l�o�s�s�e�s� �i�n� �w�e�i�g�h�t� �m�a�y� �b�e� �d�u�e� 

�p�a�r�t�i�a�l�l�y� �t�o� �f�i�l�l�.� 

�T�h�e� �r�e�s�u�l�t�s� �f�o�r� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n�,� �s�i�z�e�,� �a�n�d� �p�r�e�v�i�o�u�s� 

�d�i�e�t�s� �a�r�e� �i�n� �T�a�b�l�e� �1�1�;� �w�h�e�r�e�a�s� �T�a�b�l�e� �1�2� �s�h�o�w�s� �p�r�o�d�u�c�t�i�o�n� 

�m�e�a�s�u�r�e�m�e�n�t�s� �w�i�t�h� �i�n�t�e�r�a�c�t�i�o�n�s�.� �O�v�e�r�a�l�l�,� �c�o�r�n� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �d�i�d� �n�o�t� �i�n�c�r�e�a�s�e� �B�W� �n�o�r� �A�D�G�;� �h�o�w�e�v�e�r�,� �c�o�r�n� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �t�e�n�d�e�d� �t�o� �i�m�p�r�o�v�e� �A�D�G� �o�f� �l�i�g�h�t�e�r� �a�n�i�m�a�l�s� 

�t�h�a�t� �w�e�r�e� �p�r�e�v�i�o�u�s�l�y� �f�e�d� �t�h�e� �L�E� �d�i�e�t� �d�u�r�i�n�g� �w�i�n�t�e�r�i�n�g� �i�n� 

�c�o�n�f�i�n�e�m�e�n�t� �(�T�a�b�l�e� �1�2�)�.� �A�l�t�h�o�u�g�h� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�,� �t�h�e� 

�h�e�a�v�i�e�r� �h�e�i�f�e�r�s�,� �w�h�i�c�h� �w�e�r�e� �w�i�n�t�e�r�e�d� �o�n� �H�E� �d�i�e�t� �g�a�i�n�e�d� �l�e�s�s� 

�(�2�6�7� �g�/�d�)� �o�n� �p�a�s�t�u�r�e� �t�h�a�n� �t�h�o�s�e� �o�n� �L�E� �d�i�e�t� �(�4�2�1� �g�/�d�)�.� 

�S�i�m�i�l�a�r�l�y�,� �h�e�a�v�y� �a�n�d� �l�i�g�h�t� �h�e�i�f�e�r�s� �o�n� �p�r�e�v�i�o�u�s�l�y� �H�E� �d�i�e�t� 

�g�a�i�n�e�d� �3�5�8� �g�/�d� �i�n� �c�o�n�t�r�a�s�t� �t�o� �h�e�i�f�e�r�s� �o�n� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �L�E� 

�e�n�e�r�g�y� �d�i�e�t� �w�h�i�c�h� �h�a�d� �g�a�i�n�s� �o�f� �4�7�3� �g�/�d�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� 

�w�e�r�e� �o�b�t�a�i�n�e�d� �b�y� �L�e�w�i�s� �e�t� �a�l�.� �(�1�5�8�,�1�5�9�)�,� �w�h�e�n� �b�e�e�f� �s�t�e�e�r�s� 

�g�a�i�n�e�d� �m�o�r�e� �t�h�a�n� �2�8�0� �g�/�d� �d�u�r�i�n�g� �t�h�e� �w�i�n�t�e�r�i�n�g� �p�h�a�s�e�.� 
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�T�a�b�l�e� �1�1�.� �L�e�a�s�t� �s�q�u�a�r�e� �m�e�a�n�s� �f�o�r� �B�W�,� �g�a�i�n�,� �w�i�t�h�e�r� �h�e�i�g�h�t�,� �h�e�a�r�t� 
�g�i�r�t�h� �o�f� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �g�r�a�z�i�n�g� �a� �g�r�a�s�s�-�l�e�g�u�m�e� �m�i�x�t�u�r�e� 
�w�i�t�h� �o�r� �w�i�t�h�o�u�t� �e�n�e�r�g�y� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �f�o�r� �a�l�t�e�r�n�a�t�e� 
�2�8�-�d� �p�e�r�i�o�d�s� �i�n� �1�9�8�8�.� 
� � 

� � 

�B�W� �A�D�G� �W�H� �H�G� 

�(�k�g�)� �g�/�d� �(�C�M�)� �(�C�M�)� 

�C�o�r�n� �s�u�p�p�l�e�m�e�n�t�e�d� �i�n� �a�l�t�e�r�n�a�t�e� 
�2�8�-�d� �p�e�r�i�o�d�s� 

�P�e�r�i�o�d�s� �w�i�t�h� �c�o�r�n� �(�S�)� �3�4�2�.�6� �3�9�3� �1�2�2�.�7� �1�6�8�.�9� 
�P�e�r�i�o�d�s� �w�i�t�h� �n�o� �c�o�r�n� �(�N�S�)� �3�4�2�.�2� �4�3�9� �1�2�2�.�9� �1�6�8�.�8� 

�S�i�z�e� �o�f� �h�e�i�f�e�r�s�:� 
�H�e�a�v�y� �(�H�)� �3�7�4�.�9�%�*� �3�4�5�%�*�*� �1�2�5�.�9� �1�7�4�.�5� 
�L�i�g�h�t� �(�L�)� �3�0�9�.�9�%�*� �A�4�8�6�*�*� �1�1�9�.�8� �1�6�3�.�2� 

�P�r�e�v�i�o�u�s� �d�i�e�t�:� 
�H�i�g�h� �e�n�e�r�g�y� �(�H�)� �3�4�7�.�5� �3�5�8�%�*�*� �1�2�4�.�3� �1�6�9�.�7� 
�L�o�w� �e�n�e�r�g�y� �(�L�)� �3�3�7�.�3� �4�7�8�*�x� �1�2�1�.�4� �1�6�8�.�1� 
� � 

�*�k� �(�P�<�.�0�1�)� 

�A�D�G�-�a�v�e�r�a�g�e� �d�a�i�l�y� �g�a�i�n�,� �W�H�-�w�i�t�h�e�r� �h�e�i�g�h�t�,� �H�G�-�h�e�a�r�t� �g�i�r�t�h�.� 
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�T�a�b�l�e� �1�2�.� �P�r�o�d�u�c�t�i�o�n� �m�e�a�s�u�r�e�m�e�n�t�s�:� 
�H�G� �o�f� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s�,� �u�n�d�e�r� �s�u�p�p�*�s�i�z�e�,� �s�u�p�p�*�d�i�e�t�,� 
�s�i�z�e�*�d�i�e�t� �a�n�d� �s�u�p�p�*�s�i�z�e�*�d�i�e�t� �i�n�t�e�r�a�c�t�i�o�n�s� �(�L�S� �m�e�a�n�s�)�.� 

�B�W�T�,� �A�D�G�,� �H� �a�n�d� 

� � 

� � 

�B�W�T� �A�D�G� �W�H� �H�G� 

�(�k�g�)� �g�/�d�a�y� �=� �(�C�M�)� �(�C�M�)� 
�S�u�p�p�l�e�m�e�n�t� �x� �s�i�z�e�:� 

�N�S�*�H� �3�7�4�.�9� �4�5�9�1� �1�2�6�.�1� �1�7�4�.�6� 
�N�S�*�L� �3�0�9�.�5� �4�2�1� �1�1�9�.�9� �1�6�3�.�3� 
�S�x�X�H� �3�7�4�.�8� �2�3�5� �1�2�5�.�8� �1�7�4�.�5� 
�S�x�L� �3�1�0�.�3� �5�5�0� �1�1�9�.�7� �1�6�3�.�2� 

�S�u�p�p�l�e�m�e�n�t�*�d�i�e�t�:� 
�N�S�*�H�E� �3�4�7�.�3� �4�0�0� �1�2�4�.�4� �1�6�9�.�9� 
�N�S�*�L�E� �3�3�7�.�2� �4�7�8� �1�2�1�.�6� �1�6�7�.�9� 
�S�*�H�E� �3�7�5�.�3� �2�6�7� �1�2�7�.�4� �1�7�5�.�0� 
�S�*�L�E� �3�3�7�.�4� �4�6�9� �1�2�1�.�3� �1�6�8�.�2� 

�S�i�z�e�*�d�i�e�t� 
�H�*�H�E� �3�7�5�.�3� �2�6�7� �1�2�7�.�4� �1�7�5�.�0� 
�H�*�L�E� �3�7�4�.�4� �4�2�1� �1�2�4�.�5� �1�7�4�.�1� 
�L�*�H�E� �3�1�9�.�7� �4�5�0� �1�2�1�.�2� �1�6�4�.�4� 
�L�*� �L�E� �3�0�0�.�2� �5�2�5� �1�1�8�.�4� �1�6�2�.�0� 

�S�u�p�p�l�e�m�e�n�t�*�s�i�z�e�*�d�i�e�t� 
�N�S� �*�H�*�H�E� �3�7�5�.�4� �3�8�2� �1�2�7�.�6� �1�7�5�.�1� 
�N�S�*�H�*�L�E� �3�7�4�.�5� �5�3�7� �1�2�4�.�5� �1�7�4�.�1� 
�N�S�*�L�*�H�E� �3�1�9�.�1� �4�1�9� �1�2�1�.�2� �1�6�4�.�8� 
�N�S�*�L�*�L�E� �3�0�0�.�0� �4�1�9� �1�1�8�.�6� �1�6�1�.�7� 
�S�*�H�*�H�E� �3�7�5�.�2� �1�5�5� �1�2�7�.�8� �1�7�4�.�8� 
�S�*�H�*�L�E� �3�7�4�.�4� �3�0�7� �1�2�4�.�4� �1�2�4�.�1� 
�S�*�L�*�H�E� �3�2�0�.�2� �4�7�6� �1�2�1�.�3� �1�6�4�.�0� 
�S�*�L�*�L�E� �3�0�0�.�4� �6�3�2� �1�1�8�.�1� �1�6�2�.�3� 
� � 

�L�e�a�s�t� �s�q�u�a�r�e� �m�e�a�n�s� �w�i�t�h�o�u�t� �s�u�p�e�r�s�c�r�i�p�t�s� �a�r�e� �n�o�t� �d�i�f�f�e�r�e�n�t� �a�t� 
�P�>�.�0�5�.� 

�l�i�n�t�e�r�a�c�t�i�o�n�=�P�<�0�8� 

�B�W� �-� �b�o�d�y� �w�e�i�g�h�t� 
�A�D�G� �-� �a�v�e�r�a�g�e� �d�a�i�l�y� �g�a�i�n� 
�W�H� �-� �w�i�t�h�e�r� �h�e�i�g�h�t� 
�H�G� �-� �h�e�a�r�t� �g�i�r�t�h� 
�N�S� �-� �n�o�n�s�u�p�p�l�e�m�e�n�t� 
�S� �-� �s�u�p�p�l�e�m�e�n�t� 
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�T�h�e�s�e� �A�D�G� �s�u�g�g�e�s�t� �t�h�a�t� �e�f�f�e�c�t�s� �f�r�o�m� �p�r�e�v�i�o�u�s� �t�r�e�a�t�m�e�n�t�s� 

�d�u�r�i�n�g� �w�i�n�t�e�r�i�n�g� �i�n� �d�r�y�l�o�t� �i�n�f�l�u�e�n�c�e�d� �t�h�e� �g�r�o�w�t�h� �o�f� �h�e�i�f�e�r�s� 

�d�u�r�i�n�g� �t�h�e� �g�r�a�z�i�n�g� �p�e�r�i�o�d�.� �T�h�e� �p�r�e�v�i�o�u�s� �l�o�w� �e�n�e�r�g�y� �d�i�e�t� �w�i�t�h� 

�l�i�g�h�t� �h�e�i�f�e�r�s� �g�i�v�i�n�g� �l�o�w�e�r� �g�a�i�n�s� �t�h�a�n� �f�o�r� �H�E� �d�i�e�t�s� 

�c�o�m�p�e�n�s�a�t�e�d� �b�y� �g�i�v�i�n�g� �t�h�e� �g�r�e�a�t�e�r� �h�e�i�f�e�r� �g�a�i�n�s� �o�n� �p�a�s�t�u�r�e�.� 

�S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �w�e�r�e� �f�o�u�n�d� �b�y� �B�e�a�c�o�m� �(�2�2�)� �w�i�t�h� �s�t�e�e�r�s� 

�g�r�a�z�i�n�g� �o�a�t�s� �i�n� �s�u�m�m�e�r� �a�n�d� �f�a�l�l� �t�o� �s�u�p�p�l�e�m�e�n�t� �p�a�s�t�u�r�e� �a�f�t�e�r� 

�b�e�i�n�g� �w�i�n�t�e�r�e�d�.� �R�a�t�e�s� �o�f� �g�a�i�n�s� �d�u�r�i�n�g� �w�i�n�t�e�r� �w�e�r�e� �l�i�m�i�t�e�d� 

�t�o� �6�8�0� �a�n�d� �4�5�0� �g�/�d�.� �S�t�e�e�r�s� �t�h�a�t� �g�a�i�n�e�d� �m�o�s�t� �d�u�r�i�n�g� 

�w�i�n�t�e�r�i�n�g� �g�a�i�n�e�d� �6�1�0� �g�/�d� �l�e�s�s� �w�h�i�l�e� �g�r�a�z�i�n�g� �p�a�s�t�u�r�e� 

�s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �o�t�h�e�r� �f�o�r�a�g�e� �c�r�o�p�s�.� �T�o� �e�x�p�l�o�r�e� 

�c�o�m�p�e�n�s�a�t�o�r�y� �g�a�i�n�s� �f�o�r� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �o�r� �f�i�n�i�s�h�i�n�g� �s�t�e�e�r�s� 

�f�o�r� �p�a�r�t�i�c�u�l�a�r� �m�a�r�k�e�t�s� �i�s� �n�o�t� �r�e�l�e�v�a�n�t� �b�u�t� �s�h�o�u�l�d� �b�e� 

�c�o�n�s�i�d�e�r�e�d� �f�o�r� �g�r�a�z�i�n�g� �s�t�u�d�i�e�s� �w�i�t�h� �d�a�i�r�y� �h�e�i�f�e�r�s�,� �o�r� �o�t�h�e�r� 

�g�r�o�w�i�n�g� �a�n�i�m�a�l�s�.� 

�P�e�r�i�o�d� �o�f� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �i�t�s� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� 

�S�i�g�n�i�f�i�c�a�n�t� �(�P�<�.�0�1�)� �i�n� �t�h�e� �m�o�d�e�l�.� �T�h�e�r�e�f�o�r�e�,� �o�n�e� �c�a�n� 

�s�p�e�c�u�l�a�t�e� �t�h�a�t� �i�n�f�e�r�i�o�r� �p�a�s�t�u�r�e� �f�o�r� �s�u�p�p�l�e�m�e�n�t�e�d� �a�n�i�m�a�l�s� �i�n� 

�a� �p�a�r�t�i�c�u�l�a�r� �p�e�r�i�o�d� �o�f� �t�h�e� �t�r�i�a�l� �w�a�s� �t�h�e� �c�a�u�s�e� �o�f� �l�e�s�s� �A�D�G�.� 

�P�r�e�v�i�o�u�s� �w�i�n�t�e�r�i�n�g� �d�i�e�t� �o�r� �p�a�s�t�u�r�e� �s�u�p�p�l�e�m�e�n�t�a�l� �p�e�r�i�o�d�s� 

�h�a�d� �l�i�t�t�l�e� �o�r� �n�o� �i�n�f�l�u�e�n�c�e� �o�n� �B�W� �a�n�d� �H�G� �m�e�a�s�u�r�e�m�e�n�t�s�.� �T�h�e�r�e� 

�w�a�s� �a� �s�m�a�l�l� �b�u�t� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �(�2�.�9� �c�m�)� �i�n� �W�H� 

�f�a�v�o�r�i�n�g� �t�h�e� �h�e�i�f�e�r�s� �w�i�n�t�e�r�e�d� �o�n� �H�E� �d�i�e�t�.� �T�h�e� �h�e�a�v�i�e�r� 

�h�e�i�f�e�r�s� �o�n� �b�o�t�h� �d�i�e�t�s� �h�a�d� �l�o�w�e�r� �A�D�G� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �g�r�a�z�i�n�g� 
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�p�e�r�i�o�d� �t�h�a�n� �l�i�g�h�t� �h�e�i�f�e�r�s� �(�3�4�5� �v�s� �4�8�6� �g�/�d�)�,� �r�e�s�p�e�c�t�i�v�e�l�y� 

�(�T�a�b�l�e� �1�1�)�.� 

�B�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� 

�T�h�e� �f�i�r�s�t� �u�r�e�a� �s�p�a�c�e� �m�e�a�s�u�r�e�m�e�n�t� �w�a�s� �a�t� �t�h�e� �e�n�d� �o�f� 

�a�d�r�y�l�o�t� �f�e�e�d�i�n�g� �a�n�d� �p�r�o�v�i�d�e�d� �a�n� �i�n�i�t�i�a�l� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �f�o�r� 

�t�h�e� �g�r�a�z�i�n�g� �p�e�r�i�o�d�.� �T�h�i�s� �o�f� �c�o�u�r�s�e�,� �i�n�d�i�c�a�t�e�s� �b�o�d�y� 

�c�o�m�p�o�s�i�t�i�o�n� �o�f� �h�e�i�f�e�r�s� �a�f�t�e�r� �w�i�n�t�e�r�i�n�g� �o�n� �h�i�g�h� �o�r� �l�o�w� �e�n�e�r�g�y� 

�d�i�e�t�s�.� 

�M�e�a�n�s� �f�o�r� �a�l�l� �h�e�i�f�e�r�s� �w�e�r�e� �9�.�3�5� �m�g� �u�r�e�a�-�N�/�d�l� �o�f� �b�l�o�o�d� 

�p�l�a�s�m�a� �(�P�U�N�)�,� �6�0�.�1�%� �u�r�e�a� �s�p�a�c�e� �(�U�S�)�,� �6�4�.�2�%� �e�m�p�t�y� �b�o�d�y� �w�a�t�e�r� 

�(�E�B�W�A�T�E�R�)�,� �1�1�.�6�%� �e�m�p�t�y� �b�o�d�y� �f�a�t� �(�E�B�F�A�T�)�,� �a�n�d� �1�7�.�6�%� �e�m�p�t�y� 

�b�o�d�y� �p�r�o�t�e�i�n� �(�E�B�P�R�O�)�.� �L�e�a�s�t� �s�q�u�a�r�e� �m�e�a�n�s� �b�y� �s�i�z�e� �a�n�d� �d�i�e�t� 

�a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �1�3�.� �T�a�b�l�e� �1�4� �s�h�o�w�s� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s� 

�f�o�r� �b�o�d�y� �c�o�m�p�o�n�e�n�t�s� �o�n� �a� �m�a�s�s� �b�a�s�i�s�.� �T�h�e� �v�a�l�u�e�s� �f�o�r� �g�r�o�s�s� 

�e�n�e�r�g�y� �(�M�c�a�l�/�k�g�)� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �d�r�y�l�o�t� �p�e�r�i�o�d� �w�e�r�e� 

�S�i�m�i�l�a�r� �i�n� �e�m�p�t�y� �b�o�d�y� �w�e�i�g�h�t� �(�E�B�W�)�,� �a�n�d� �w�e�r�e� �2�.�3� �(�H�)�,� �1�.�9� 

�(�L�)� �a�n�d� �2�.�1� �e�a�c�h� �f�o�r� �H�E� �a�n�d� �L�E� �d�i�e�t�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�T�a�b�l�e� �1�3�.� �L�e�a�s�t� �s�q�u�a�r�e� �m�e�a�n�s� �f�o�r� �P�U�N�,� �E�B�W�A�T�E�R�,� �E�B�F�A�T�,� �E�B�P�R�O�,� 
�a�n�d� �e�s�t�i�m�a�t�e�d� �e�m�p�t�y� �b�o�d�y� �w�e�i�g�h�t� �(�E�E�B�W�)� �o�f� �H�o�l�s�t�e�i�n� 
�h�e�i�f�e�r�s� �i�n� �d�r�y�l�o�t� �(�1�2�9� �q�d�)�.� 
� � 

�P�U�N� �E�B�W�A�T�E�R� �E�B�F�A�T� �E�B�P�R�O� �E�E�B�W�*� 
�I�t�e�m� �m�g� �u�r�e�a�-�N�/�d�l� �-�-�-�-�-�-�-�-�-� �%�$�B�W�-�-�-�-�-�-�-�-�-� �k�g� 
�S�i�z�e�:� 
�H�e�a�v�y� �(�H�)� �9�.�3� �6�2�.�7�8� �1�3�.�0�2� �1�7�.�8�2� �2�4�8�.�2� 
�L�i�g�h�t� �(�L�)� �9�.�4� �6�5�.�6� �1�0�.�2�P� �1�7�.�3�P� �1�6�2�.�1� 

�D�i�e�t�:� 
�H�i�g�h� �E�n�e�r�g�y� �(�H�E�)� �1�0�.�0�¢� �6�4�.�5� �1�1�.�3� �1�7�.�6� �2�1�0�.�0� 
�L�o�w� �E�n�e�r�g�y� �(�L�E�)� �8�.�7�4� �6�3�.�8� �1�1�.�9� �1�7�.�4�9� �2�0�0�.�5� 

�S�i�z�e�*�d�i�e�t�:� 
�H�-�H�E� �9�.�5�9�4� �6�2�.�6�2� �1�3�.�1�8� �1�7�.�9�4� �2�5�2�.�8� 
�H�-�L�E� �9�.�1�°�C�4� �6�2�.�8�4� �1�2�.�9�4� �1�7�.�7�8�f� �2�4�3�.�8� 
�L�-�H�E� �1�0�.�5�¢� �6�6�.�5�)� �9�.�5�5� �1�7�,�4�8�5�0� �1�6�7�.�1� 
�L�-�L�E� �8�.�3�4� �6�4�.�8�8�D�b� �4�0�,�9�8�5�0� �1�7�.�2�5� �8�1�5�7�.�1� 
� � 

�*�E�s�t�i�m�a�t�e�d� �f�r�o�m�:� �E�B�W�=�(�B�W�-�1�5�.�3�)�/�1�.�0�9�,� �A�R�C�,� �1�9�8�0�.� �B�W� �f�r�o�m� �T�a�b�l�e� �1�0�.� 
�M�e�a�n�s� �i�n� �t�h�e� �s�a�m�e� �c�o�l�u�m�n� �w�i�t�h�i�n� �m�a�i�n� �e�f�f�e�c�t� �o�r� �i�n�t�e�r�a�c�t�i�o�n� 
�h�e�a�d�i�n�g�s� �b�e�a�r�i�n�g� �d�i�f�f�e�r�e�n�t� �s�u�p�e�r�s�c�r�i�p�t�s�.� 

�a�b�c�d�s�i�z�e� �x� �D�i�e�t� �=� �P�U�N� �(�P�<�.�0�5�)� 

�P�U�N� �-� �p�l�a�s�m�a� �u�r�e�a� �n�i�t�r�o�g�e�n� 
�U�S� �-� �u�r�e�a� �s�p�a�c�e� 
�E�B�W�A�T�E�R� �-� �e�m�p�t�y� �b�o�d�y� �w�a�t�e�r� 
�E�B�F�A�T� �-� �e�m�p�t�y� �b�o�d�y� �f�a�t� 
�E�B�P�R�O� �-� �e�m�p�t�y� �b�o�d�y� �p�r�o�t�e�i�n� 
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�T�a�b�l�e� �1�4�.� �B�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �(�m�a�s�s� �b�a�s�i�s�)� �o�f� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �f�e�d� 
�e�i�t�h�e�r� �a� �h�i�g�h� �e�n�e�r�g�y� �d�i�e�t� �(�1�0�5�%� �N�R�C�)� �o�r� �a� �l�o�w� �e�n�e�r�g�y� 
�d�i�e�t� �(�8�5�%� �N�R�C�)� �a�t� �t�h�e� �e�n�d� �o�f� �d�r�y�l�o�t� �p�h�a�s�e�.� 
� � 

� � � � 

� � 

� � 

�S�i�z�e� �D�i�e�t� 

�H�i�g�h� �L�o�w� 
�V�a�r�i�a�b�l�e� �H�e�a�v�y� �L�i�g�h�t� �E�n�e�r�g�y� �E�n�e�r�g�y� 

�E�B�W�A�T�E�R�,� �%� �6�2�.�7�*�*� �6�5�.�6�*�*� �6�4�.�5� �6�3�.�8� 
�E�B�F�A�T�,� �%� �1�3�.�0�*�*� �1�0�.�2�*�*� �1�1�.�3� �1�1�.�9� 
�E�B�P�R�O�,� �%� �1�7�.�8�*�*� �1�7�.�3�%�*�*� �1�7�.�6�*� �1�7�.�4�*� 
�A�s�h�,� �%� �6�.�5� �6�.�9� �6�.�6� �6�.�9� 
�E�B�F�A�T�:� �E�B�P�R�O� �7�3� �~�5�9� �6�4� �-� �6�8� 

�E�E�B�W�L�,� �k�g� �2�4�8�.�2� �1�6�2�.�1� �2�1�0�.�0� �2�0�0�.�0�5� 
�W�A�T�E�R�,� �g�/�k�g� �E�E�B�W� �6�2�7� �6�5�6� �6�4�5� �6�3�8� 
�F�A�T�,� �g�/�k�g� �1�3�0� �1�0�2� �1�1�3� �1�1�9� 
�P�R�O�T�E�I�N�,� �g�/�k�g� �1�7�8� �1�7�3� �1�7�6� �1�7�4� 
�A�S�H�,� �g�/�k�g� �6�5� �6�9� �6�6� �6�9� 
�G�R�O�S�S� �E�N�E�R�G�Y�,� �M�c�a�l�/�k�g� �2�.�3� �1�.�9� �2�.�1� �2�.�1� 
� � 

�*� �(�P�<�.�0�6�)� 
�*�*� �(�P�<�.�0�1�)� 
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�E�s�t�i�m�a�t�e�d� �e�m�p�t�y� �b�o�d�y� �w�e�i�g�h�t�s� �(�k�g�)� �w�e�r�e� �2�4�8�.�2� �a�n�d� �1�6�2�.�1� 

�f�o�r� �h�e�a�v�y� �a�n�d� �l�i�g�h�t� �h�e�i�f�e�r�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �H�o�w�e�v�e�r�,� 

�E�B�W�A�T�E�R�,� �E�B�F�A�T�,� �a�n�d� �E�B�P�R�O� �w�e�r�e� �d�i�f�f�e�r�e�n�t� �(�P�<�.�0�1� �)� �f�o�r� 

�d�i�f�f�e�r�e�n�t� �w�e�i�g�h�t� �a�n�i�m�a�l�s�.� �D�i�e�t� �h�a�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �(�P�<�.�0�6�)� 

�e�f�f�e�c�t� �o�n�l�y� �o�n� �E�B�P�R�O�.� �A�N�O�V�A� �m�e�a�n� �s�q�u�a�r�e�s� �f�o�r� �e�s�t�i�m�a�t�e�d� 

�c�o�m�p�o�n�e�n�t�s� �a�r�e� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �5�.� 

�T�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �a�r�e� �i�n� �c�l�o�s�e� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�o�s�e� 

�o�b�t�a�i�n�e�d� �b�y� �H�a�m�m�o�n�d� �e�t� �a�l�.� �(�1�0�5�)� �w�i�t�h� �H�o�l�s�t�e�i�n� �s�t�e�e�r�s�,� 

�w�e�i�g�h�i�n�g� �3�0�0� �k�g�.� �E�v�e�n� �t�h�o�u�g�h� �l�i�g�h�t�e�r� �i�n� �b�o�d�y� �w�e�i�g�h�t� �(�2�0�5� 

�k�g�)�,� �o�u�r� �h�e�i�f�e�r�s� �h�a�d� �a� �m�u�c�h� �n�a�r�r�o�w�e�r� �p�e�r�c�e�n�t�a�g�e� �r�a�n�g�e� �o�f� �E�B�W� 

�c�o�m�p�o�n�e�n�t�s�.� �B�o�d�y� �c�o�m�p�o�n�e�n�t�s� �d�o� �d�i�f�f�e�r� �b�e�t�w�e�e�n� �s�e�x�e�s� �(�2�5�4�)� 

�a�n�d� �a�m�o�n�g� �b�r�e�e�d�s� �(�4�5�,�1�8�4�)�.� �H�o�w�e�v�e�r� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �b�o�d�y� 

�c�o�m�p�o�n�e�n�t�s� �i�n� �t�h�e�i�r� �t�r�i�a�l� �l�i�e�s� �b�e�t�w�e�e�n� �t�h�o�s�e� �r�e�p�o�r�t�e�d� �b�y� 

�K�o�c�h� �a�n�d� �P�r�e�s�t�o�n� �(�1�4�5�)� �f�o�r� �w�e�a�n�l�i�n�g�s� �(�H�e�r�e�f�o�r�d� �a�n�d� �S�w�i�s�s� 

�c�r�o�s�s�e�s�)�,� �a�n�d� �f�o�r� �y�e�a�r�l�i�n�g�s� �(�S�i�m�m�e�n�t�a�l�)�,� �a�n�d� �d�a�t�a� �f�o�r� �m�i�x�e�d� 

�b�r�e�e�d�s� �a�n�d� �a�n�g�u�s� �s�t�e�e�r�s�,� �u�s�e�d� �b�y� �H�a�m�m�o�n�d� �e�t� �a�l�.� �(�1�0�2�)�.� 

�P�r�e�d�i�c�t�i�o�n� �o�f� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �f�r�o�m� �U�S� �o�n� �p�e�r�c�e�n�t�a�g�e� 

�b�a�s�i�s� �i�s� �a�d�v�o�c�a�t�e�d� �b�y� �B�a�r�t�l�e� �a�n�d� �h�i�s� �c�o�w�o�r�k�e�r�s� �(�1�8�)�,� �w�h�i�l�e� 

�H�a�m�m�o�n�d� �(�1�0�2�)� �a�n�d� �a�s�s�o�c�i�a�t�e�s� �c�o�n�c�l�u�d�e� �t�h�a�t� �a� �m�a�s�s� �b�a�s�i�s� �i�s� 

�t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r�m� �t�o� �a�s�s�e�s�s� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �o�n� �H�o�l�s�t�e�i�n� 

�s�t�e�e�r�s� �f�r�o�m� �U�S�,� �b�e�c�a�u�s�e� �d�a�i�r�y� �b�r�e�e�d�s� �a�r�e� �l�e�a�n�e�r� �t�h�a�n� �b�e�e�f� 

�b�r�e�e�d�s�.� 
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�N�e�i�t�h�e�r� �p�r�e�v�i�o�u�s� �w�i�n�t�e�r�i�n�g� �d�i�e�t�s� �n�o�r� �p�e�r�i�o�d�s� �o�f� �e�n�e�r�g�y� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �w�h�i�l�e� �g�r�a�z�i�n�g� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t�s� �o�n� 

�b�o�d�y� �c�o�m�p�o�n�e�n�t�s� �o�f� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �(�T�a�b�l�e� �1�5�)�.� �S�u�p�p�l�e�m�e�n�t� 

�i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �a�l�s�o� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�;� �h�o�w�e�v�e�r� �i�n�t�e�r�a�c�t�i�o�n�s� 

�o�f� �h�e�i�f�e�r� �s�i�z�e� �b�y� �d�i�e�t� �a�n�d� �d�i�e�t� �b�y� �p�e�r�i�o�d� �w�e�r�e� �p�r�e�s�e�n�t� 

�(�A�p�p�e�n�d�i�x� �T�a�b�l�e� �6�)�.� �S�i�z�e�,� �a�s� �i�t� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d�,� �h�a�d� 

�S�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t�s� �o�n� �b�o�d�y� �c�o�m�p�o�n�e�n�t�s� �(�P�<�.�0�1�)�.� 

�W�h�e�n� �c�o�n�s�i�d�e�r�i�n�g� �o�n�l�y� �d�a�t�e�s� �w�h�e�n� �u�r�e�a� �s�p�a�c�e� �w�a�s� 

�p�e�r�f�o�r�m�e�d� �(�T�a�b�l�e� �1�6�)� �a� �c�h�a�n�g�e� �i�n� �b�o�d�y� �c�o�m�p�o�n�e�n�t�s� �o�c�c�u�r�r�e�d� 

�f�o�r� �a�l�l� �h�e�i�f�e�r�s� �(�P�<�0�1�)�.� �A�f�t�e�r� �4�8� �d� �o�n� �p�a�s�t�u�r�e� �h�e�i�f�e�r�s� �h�a�d� 

�l�o�w�e�r� �U�S�,� �h�i�g�h�e�r� �E�B�W�A�T�E�R�,� �l�o�w�e�r� �E�B�F�A�T� �a�n�d� �a� �s�l�i�g�h�t�l�y� 

�i�n�c�r�e�a�s�e�d� �E�B�P�R�O�.� �A� �l�o�w�e�r� �f�a�t�-�t�o�-�p�r�o�t�e�i�n� �r�a�t�i�o� �w�a�s� �o�b�s�e�r�v�e�d� 

�a�f�t�e�r� �g�r�a�z�i�n�g� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�a�t� �a�t� �t�h�e� �e�n�d� �o�f� �d�r�y�l�o�t� 

�f�e�e�d�i�n�g� �(�.�5�9� �v�s� �.�6�7�)�,� �S�h�o�w�i�n�g� �t�h�a�t� �h�e�i�f�e�r�s� �l�o�s�t� �f�a�t� �w�h�i�l�e� 

�g�a�i�n�i�n�g� �i�n� �B�W� �d�u�r�i�n�g� �a�d�j�u�s�t�m�e�n�t� �b�e�t�w�e�e�n� �d�r�y�l�o�t� �a�n�d� �g�r�a�z�i�n�g� 

�(�T�a�b�l�e� �1�6�)�.� �S�e�q�u�e�n�t�i�a�l� �m�e�a�s�u�r�e�m�e�n�t�s� �b�y� �u�r�e�a� �s�p�a�c�e� �r�e�v�e�a�l�e�d� 

�S�i�g�n�i�f�i�c�a�n�t� �(�P�<�.�0�1�)� �c�h�a�n�g�e�s� �i�n� �E�B�W�A�T�E�R�,� �E�B�F�A�T� �a�n�d� �E�B�P�R�O�.� 

�T�h�e� �m�o�s�t� �l�i�k�e�l�y� �f�a�c�t�o�r� �a�f�f�e�c�t�i�n�g� �t�h�e�s�e� �c�h�a�n�g�e�s� �a�r�e� �a�g�i�n�g� 

�a�n�d� �f�o�r� �i�n�c�r�e�a�s�e�d� �B�W�.� �B�e�y�o�n�d� �1�3�.�6� �m�o� �o�f� �a�g�e� �t�h�e� �E�B�F�A�T�:�E�B�P�R�O� 

�s�h�o�w�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �i�n�c�r�e�a�s�e�d� �b�o�d�y� �w�e�i�g�h�t� �a�n�d� �a�g�e�,� �b�e�t�w�e�e�n� 

�J�u�n�e� �a�n�d� �N�o�v�e�m�b�e�r� �w�h�e�n� �f�a�t� �w�a�s� �d�e�p�o�s�i�t�e�d� �(�g�/�k�g�)� �a�t� �h�i�g�h�e�r� 

�r�a�t�e�s� �(�4�5�.�5�%�)� �t�h�a�n� �p�r�o�t�e�i�n� �(�2�7�.�5�%�)�.� �T�h�e� �w�a�t�e�r� �c�o�n�t�e�n�t� 

�c�h�a�n�g�e�d� �f�r�o�m� �6�5�6� �t�o� �6�1�5� �g�/�k�g�,� �c�o�m�p�r�i�s�i�n�g� �a� �r�e�d�u�c�t�i�o�n� �o�f� �4�1� 

�g�/�k�g� �(�T�a�b�l�e� �1�7�)�.� �D�u�r�i�n�g� �t�h�e� �s�a�m�e� �p�e�r�i�o�d� �g�r�o�s�s� �e�n�e�r�g�y� 

�a�c�c�u�m�u�l�a�t�e�d�,� �i�n�c�r�e�a�s�i�n�g� �f�r�o�m� �1�.�9� �t�o� �2�.�3� �M�c�a�l�/�k�g� �o�f� �E�E�B�W�.� 
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�T�a�b�l�e� �1�5�.� �E�f�f�e�c�t�s� �o�f� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n�,� �s�i�z�e� �a�n�d� �p�r�e�v�i�o�u�s� 
�d�i�e�t� �o�n� �P�U�N� �a�n�d� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �H�o�l�s�t�e�i�n� 
�h�e�i�f�e�r�s� �g�r�a�z�i�n�g� �a� �g�r�a�s�s�-�l�e�g�u�m�e� �m�i�x�t�u�r�e� �p�a�s�t�u�r�e�.� 
� � 

� � 

�P�U�N� �E�B�W�A�T�E�R� �E�B�F�A�T� �E�B�P�R�O� 
�I�t�e�m� �m�g� �u�r�e�a�-�N�/�d�l� �-�-�-�-�-�-�-�-�-�-�-� �$�-�-�-� �m�e� 

�S�u�p�p�.� �(�S�E�)� �.�2�7� �-�2�6�.� �~�2�3� �0�4� 
�C�o�r�n� �1�0�.�4� �6�3�.�8� �1�2�.�0� �1�7�.�8� 
�N�o� �c�o�r�n� �1�0�.�3� �6�3�.�5� �1�2�.�2� �1�7�.�8� 

�S�i�z�e� �(�S�E�)� �.�2�6� �2�2�5� �.�2�3� �.�0�3� 
�H�e�a�v�y� �(�H�)� �1�0�.�4� �6�2�.�5�*�*� �1�3�.�2�*�*� �1�8�.�0�*�*� 
�L�i�g�h�t� �(�L�)� �1�0�.�4� �6�4�.�8�*�*� �1�1�.�0�*�*� �1�7�.�6�*�*� 

�P�r�e�v�i�o�u�s� �d�i�e�t�(�S�E�)� �.�2�7� �.�2�6� �-�2�3� �.�0�3� 
�H�i�g�h� �e�n�e�r�g�y� �1�0�.�5� �6�3�.�7� �1�2�.�1� �1�7�.�8� 
�L�o�w� �e�n�e�r�g�y� �1�0�.�3� �6�3�.�7� �1�2�.�1� �1�7�.�8� 
� � 

�*�*� �(�P�<�.�0�1�)� 

�1�E�E�B�W� �-� �E�s�t�i�m�a�t�e�d� �e�m�p�t�y� �B�W� 
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�T�a�b�l�e� �1�7�.� �C�h�a�n�g�e�s� �i�n� �e�m�p�t�y� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �o�n� �m�a�s�s� �b�a�s�i�s� 
�f�o�r� �g�r�a�z�i�n�g� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �i�n� �1�9�8�8�.� 

�P�a�s�t�u�r�e� 
�A�p�r�i�l� �J�u�n�e� �N�o�v�e�m�b�e�r� �d�i�f�f�.� 

� � 

�B�W�,� �k�g� �2�9�3�.�6� �3�1�4�.�6� �4�1�7�.�2� �1�0�2�.�6� 
�E�E�B�W�,� �k�g� �2�5�5�.�3� �2�7�4�.�6� �3�6�8�.�7� �9�4�.�1� 
�E�B�W�A�T�E�R�,� �k�g� �1�6�3�.�4� �1�8�0�.�1� �2�2�6�.�7� �4�6�.�1� 
�E�B�F�A�T�,� �k�g� �2�9�.�9� �2�8�.�5� �5�2�.�3� �2�3�.�5� 
�E�B�P�R�O�,� �k�g� �4�4�.�7� �4�8�.�6� �6�7�.�1� �1�8�.�5� 
�E�B�A�S�H�,� �k�g� �1�7�.�3� �1�7�.�4� �2�2�.�6� �5�.�2� 

�D�e�p�o�s�i�t�i�o�n�:� 
�W�a�t�e�r�,� �g�/�d� �6�4�0� �6�5�6� �6�1�5� �-�4�1�.�0� 
�F�a�t�,� �g�/�k�g� �1�1�1� �1�0�4� �1�4�2� �3�8�.�0� 
�P�r�o�t�e�i�n�,� �g�/�k�g� �1�7�5� �1�7�7� �1�8�2� �5�0�.�0� 
�A�s�h�,� �g�/�k�g� �6�8� �6�3� �6�1� �-�2�.�0� 
�G�r�o�s�s� �e�n�e�r�g�y� �M�c�a�l�/�k�g� �2�.�1� �1�.�9� �2�.�3� �4� 
� � 
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�P�a�s�t�u�r�e� �e�f�f�e�c�t�s� �p�e�r� �s�e� �c�o�u�l�d� �b�e� �d�e�t�e�c�t�e�d� �b�y� �t�h�e� �U�S� 

�t�e�c�h�n�i�q�u�e�.� �A�f�t�e�r� �1�8�4� �d� �o�n� �p�a�s�t�u�r�e�,� �t�h�e� �E�B�F�A�T�:�E�B�P�R�O� �w�a�s� �.�7�8� 

�w�h�e�n� �h�e�i�f�e�r�s� �a�v�e�r�a�g�e�d� �1�8� �m�o� �o�f� �a�g�e� �w�e�i�g�h�i�n�g� �4�1�7� �k�g�.� 

�C�h�a�n�g�e�s� �i�n� �b�o�d�y� �c�o�m�p�o�n�e�n�t�s� �m�a�y� �h�a�v�e� �o�c�c�u�r�r�e�d� �b�e�c�a�u�s�e� �o�f� 

�d�i�e�t� �(�p�a�s�t�u�r�e� �v�s� �d�r�y�l�o�t�)�,� �g�r�a�z�i�n�g� �a�c�t�i�v�i�t�y� �o�r� �a�g�e� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �i�n�c�r�e�a�s�e� �i�n� �B�W�.� �B�o�d�y� �c�o�n�d�i�t�i�o�n� �s�c�o�r�e�s� �t�a�k�e�n� �a�t� �t�h�e� �e�n�d� 

�o�f� �t�h�e� �g�r�a�z�i�n�g� �s�e�a�s�o�n� �w�e�r�e� �s�i�m�i�l�a�r� �(�3�.�3� �v�s� �3�.�4�)� �f�o�r� �G�1� �a�n�d� 

�G�2�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�P�l�a�s�m�a� �u�r�e�a� �N� �v�a�l�u�e�s� �(�T�a�b�l�e� �1�6�)� �w�e�r�e� �n�o�t� �i�n�f�l�u�e�n�c�e�d� 

�(�A�p�p�e�n�d�i�x� �T�a�b�l�e� �6�)� �b�y� �s�u�p�p�l�e�m�e�n�t�,� �s�i�z�e� �o�r� �p�r�e�v�i�o�u�s� �d�i�e�t�.� 

�H�o�w�e�v�e�r�,� �p�e�r�i�o�d�s� �a�n�d� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �s�i�z�e� �b�y� �d�i�e�t� �a�n�d� 

�d�i�e�t� �b�y� �p�e�r�i�o�d� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �(�P�<�.�0�1�)�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�d�i�f�f�e�r�e�n�c�e�s� �o�b�s�e�r�v�e�d� �m�a�y� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �d�i�f�f�e�r�e�n�c�e�s� �i�n� 

�p�a�s�t�u�r�e� �q�u�a�l�i�t�y�,� �e�s�p�e�c�i�a�l�l�y� �i�f� �t�h�e�s�e� �d�e�c�r�e�a�s�e� �i�n� �p�r�o�t�e�i�n� 

�c�o�n�t�e�n�t� �o�f� �h�e�r�b�a�g�e� �w�h�e�n� �u�r�e�a� �s�p�a�c�e� �w�a�s� �p�e�r�f�o�r�m�e�d�.� 

�T�h�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �P�U�N� �a�t� �d�i�f�f�e�r�e�n�t� �d�a�t�e�s� 

�w�h�e�n� �U�S� �w�a�s� �m�e�a�s�u�r�e�d� �m�a�y� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �d�i�e�t� �q�u�a�l�i�t�y� �a�t� 

�a� �p�a�r�t�i�c�u�l�a�r� �t�i�m�e� �(�T�a�b�l�e� �1�6�)�.� �T�h�e� �p�r�e�v�i�o�u�s� �d�i�e�t� �a�t� �t�h�e� �e�n�d� 

�o�f� �d�r�y�l�o�t� �c�o�n�f�i�n�e�m�e�n�t� �h�a�d� �t�h�e� �l�o�w�e�s�t� �v�a�l�u�e� �(�9�.�3� �m�g� �u�r�e�a�-� 

�N�/�1�0�0�m�l�1�)� �a�s� �c�o�m�p�a�r�e�d� �t�o� �v�a�l�u�e�s� �o�f� �1�0�.�6� �a�n�d� �1�1�.�2� �d�u�r�i�n�g� 

�g�r�a�z�i�n�g�.� �T�h�e� �h�i�g�h� �P�U�N� �v�a�l�u�e�s� �f�o�r� �h�e�i�f�e�r�s� �w�h�i�l�e� �g�r�a�z�i�n�g� �m�a�y� 

�b�e� �c�a�u�s�e�d� �b�y� �t�h�e� �h�i�g�h� �C�P� �o�f� �t�h�e� �f�o�r�a�g�e� �w�h�i�c�h� �m�a�y� �i�m�p�r�o�v�e� 

�r�a�t�e�s� �o�f� �a�v�a�i�l�a�b�i�l�i�t�y� �a�n�d� �r�u�m�i�n�a�l� �p�r�o�t�e�i�n� �d�e�g�r�a�d�a�t�i�o�n�.� �P�U�N� 
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�v�a�l�u�e�s� �o�f� �t�h�i�s� �s�t�u�d�y� �a�g�r�e�e� �w�i�t�h� �t�h�o�s�e� �o�f� �P�r�e�s�t�o�n� �e�t� �a�l�.� 

�(�2�2�6�)�.� 

�P�l�a�s�m�a� �u�r�e�a� �n�i�t�r�o�g�e�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �m�a�x�i�m�u�m� �a�n�i�m�a�l� 

�p�e�r�f�o�r�m�a�n�c�e� �r�a�n�g�e�s� �f�r�o�m� �1�1� �t�o� �1�5� �m�g�/�1�0�0�m�l� �f�o�r� �g�r�o�w�i�n�g� �s�t�e�e�r�s� 

�(�3�5�)� �a�n�d� �7� �t�o� �8� �m�g� �u�r�e�a�-�N�/�1�0�0�m�l�1� �f�o�r� �f�i�n�i�s�h�i�n�g� �c�a�t�t�l�e� �(�2�2�6�)�.� 

�F�o�r� �m�a�x�i�m�u�m� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �d�i�g�e�s�t�i�o�n� �i�n� �t�h�e� �r�u�m�e�n� �o�f� 

�l�a�c�t�a�t�i�n�g� �c�o�w�s�,� �a� �b�l�o�o�d� �u�r�e�a� �n�i�t�r�o�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�e�a�t�e�r� 

�t�h�a�n� �8� �t�o� �1�0� �m�g�/�1�0�0� �m�l� �i�s� �r�e�q�u�i�r�e�d� �(�1�3�4�)�.� �A�c�c�o�r�d�i�n�g� �t�o� 

�C�a�r�v�e�r� �e�t� �a�l�.� �(�3�8�)�,� �g�r�o�w�i�n�g� �s�t�e�e�r�s� �g�r�a�z�i�n�g� �f�e�r�t�i�l�i�z�e�d� 

�b�e�r�m�u�d�a� �g�r�a�s�s� �o�r� �a�n� �o�r�c�h�a�r�d�g�r�a�s�s�-�l�a�d�i�n�o� �c�l�o�v�e�r� �m�i�x�t�u�r�e� 

�r�e�q�u�i�r�e� �a� �r�a�n�g�e� �o�f� �8� �t�o� �2�5� �m�g� �u�r�e�a�-�N�/�1�0�0�m�l� �t�o� �a�t�t�a�i�n� �B�W� 

�g�a�i�n�s� �o�f� �5�0�0� �g�/�d�.� �O�n�l�y� �a�n�i�m�a�l�s� �g�r�a�z�i�n�g� �o�r�c�h�a�r�d�g�r�a�s�s� �a�n�d� 

�l�a�d�i�n�o� �c�l�o�v�e�r� �m�a�i�n�t�a�i�n�e�d� �a� �h�i�g�h� �e�n�o�u�g�h� �P�U�N� �l�e�v�e�l� �d�u�r�i�n�g� �t�h�e� 

�g�r�a�z�i�n�g� �s�e�a�s�o�n� �t�o� �s�u�s�t�a�i�n� �a�n� �A�D�G� �o�f� �5�0�0� �g�/�d�.� �O�u�r� �h�e�i�f�e�r�s� �o�n� 

�p�a�s�t�u�r�e� �d�u�r�i�n�g� �t�h�i�s� �d�r�o�u�g�h�t� �y�e�a�r� �(�1�9�8�8�)� �h�a�d� �a� �P�U�N� �l�e�v�e�l� 

�r�a�n�g�i�n�g� �f�r�o�m� �1�0�.�2� �t�o� �1�1�.�2� �m�g� �u�r�e�a�-�n�/�1�0�0�m�l�,� �t�h�e� �A�D�G� �r�a�n�g�e� 

�f�r�o�m� �3�4�5� �t�o� �5�8�1� �g�/�d�.� 
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�C�h�a�p�t�e�r� �3� 

�G�r�o�w�t�h� �a�n�d� �B�o�d�y� �C�o�m�p�o�s�i�t�i�o�n� �R�e�s�p�o�n�s�e�s� �i�n� �H�o�l�s�t�e�i�n� 

�H�e�i�f�e�r�s� �t�o� �L�a�s�a�l�o�c�i�d� �a�n�d� �S�u�p�p�l�e�m�e�n�t�a�l� �P�r�o�t�e�i�n�-�E�n�e�r�g�y� 

�a�s� �C�o�m�p�a�r�e�d� �t�o� �a� �D�r�y�l�o�t� �d�i�e�t�.� 

�A�B�S�T�R�A�C�T� 

�T�h�i�r�t�y�-�t�w�o� �g�r�o�w�i�n�g� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �w�e�i�g�h�i�n�g� �f�r�o�m� �1�5�5� �t�o� 

�2�4�1� �k�g� �(�8� �p�e�r� �g�r�o�u�p�)� �w�e�r�e� �f�e�d� �o�n�e� �o�f� �f�o�u�r� �d�i�e�t�s�:� �1�)� �a� �m�i�x�e�d� 

�d�i�e�t� �c�o�n�t�a�i�n�i�n�g� �c�o�r�n� �s�i�l�a�g�e�,� �a�l�f�a�l�f�a� �s�i�l�a�g�e� �a�n�d� �o�r�c�h�a�r�d�g�r�a�s�s� 

�h�a�y� �(�D�L�)�;� �2�)� �p�a�s�t�u�r�e� �a�l�o�n�e� �(�P�A�)�;� �3�)� �p�a�s�t�u�r�e� �+� �l�a�s�a�l�o�c�i�d� 

�(�P�L�)�;� �a�n�d� �4�)� �p�a�s�t�u�r�e� �+� �2�k�g� �o�f� �a� �1�9�%� �C�P� �c�o�n�c�e�n�t�r�a�t�e� �(�P�G�)�.� 

�D�a�t�a� �o�b�t�a�i�n�e�d� �w�e�r�e� �d�a�i�l�y� �g�a�i�n�s�,� �b�o�d�y� �w�e�i�g�h�t�,� �w�i�t�h�e�r� �h�e�i�g�h�t�,� 

�h�e�a�r�t� �g�i�r�t�h�,� �b�a�c�k�f�a�t� �d�e�p�t�h�,� �r�i�b�e�y�e� �a�r�e�a�,� �b�o�d�y� �c�o�n�d�i�t�i�o�n� 

�s�c�o�r�e� �a�n�d� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n�.� �D�a�i�l�y� �g�a�i�n�s� �f�o�r� �a�l�l� �t�r�e�a�t�m�e�n�t�s� 

�d�i�f�f�e�r�e�d�:� �D�L� �9�3�4�,� �P�A� �7�5�5�,� �P�L� �8�3�5� �a�n�d� �P�G� �8�7�5� �g�/�d�.� �B�o�d�y� 

�w�e�i�g�h�t�,� �w�i�t�h�e�r� �h�e�i�g�h�t� �a�n�d� �h�e�a�r�t� �g�i�r�t�h� �d�i�d� �n�o�t� �d�i�f�f�e�r�.� 

�U�l�t�r�a�s�o�u�n�d� �d�e�t�e�r�m�i�n�a�t�i�o�n�s� �f�o�r� �b�a�c�k�f�a�t� �a�n�d� �b�o�d�y� �c�o�n�d�i�t�i�o�n� 

�s�c�o�r�e�s� �g�e�n�e�r�a�l�l�y� �a�g�r�e�e�d�.� �E�m�p�t�y� �b�o�d�y� �w�a�t�e�r�,� �e�m�p�t�y� �b�o�d�y� �f�a�t�,� 

�a�n�d� �e�m�p�t�y� �b�o�d�y� �p�r�o�t�e�i�n� �w�e�r�e� �s�i�m�i�l�a�r� �f�o�r� �h�e�i�f�e�r�s� �f�o�r� �a�l�l� 

�t�r�e�a�t�m�e�n�t�s�.� �S�u�p�p�l�e�m�e�n�t�i�n�g� �h�e�i�f�e�r�s� �o�n� �p�a�s�t�u�r�e� �i�n�c�r�e�a�s�e�d� 

�d�a�i�l�y� �g�a�i�n�s�.� �R�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t� �e�n�e�r�g�y� �n�e�e�d�s� �o�f� �g�r�a�z�i�n�g� 

�a�n�i�m�a�l�s� �a�r�e� �h�i�g�h�e�r� �t�h�a�n� �h�o�u�s�e�d� �a�n�i�m�a�l�s�.� �E�c�o�n�o�m�i�c� �a�n�a�l�y�s�e�s� 

�s�h�o�w� �t�h�a�t� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �d�r�y�l�o�t� �(�2�0�5�d�)� �a�n�d� �p�a�s�t�u�r�e� �(�1�6�0� �q�d�)� 

�r�e�d�u�c�e� �d�a�i�r�y� �r�e�p�l�a�c�e�m�e�n�t� �c�o�s�t�s� �c�o�m�p�a�r�e�d� �t�o� �d�r�y�l�o�t� �a�l�o�n�e�.� 
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�I�N�T�R�O�D�U�C�T�I�O�N� 

�I�n� �a� �p�r�e�v�i�o�u�s� �e�x�p�e�r�i�m�e�n�t�,� �h�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �(�1�2� �t�o� �1�8� �m�o� 

�o�l�d�)� �a�t�t�a�i�n�e�d� �a�v�e�r�a�g�e� �d�a�i�l�y� �g�a�i�n�s� �(�A�D�G�)� �f�r�o�m� �4�0�0� �t�o� �8�5�1� �g�/�d� 

�w�h�e�n� �2� �k�g� �c�o�r�n�/�d� �w�a�s� �f�e�d� �i�n� �a�l�t�e�r�n�a�t�i�n�g� �2�8� �d� �p�e�r�i�o�d�s� �w�h�i�l�e� 

�g�r�a�z�i�n�g�.� �N�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �b�o�d�y� �w�e�i�g�h�t� �(�B�W�)�,� 

�w�i�t�h�e�r� �h�e�i�g�h�t� �(�W�H�)�,� �a�n�d� �h�e�a�r�t� �g�i�r�t�h� �(�H�G�)� �o�c�c�u�r�r�e�d� �f�o�r�t� 

�h�e� �g�r�o�u�p�s� �a�l�t�e�r�n�a�t�e�l�y� �s�u�p�p�l�e�m�e�n�t�e�d� �a�f�t�e�r� �a� �1�6�0� �d� �g�r�a�z�i�n�g� 

�p�e�r�i�o�d�.� �I�n� �1�9�8�8� �y�o�u�n�g� �h�e�i�f�e�r�s� �(�5�.�6� �t�o� �9�.�4� �m�o�,� �w�e�i�g�h�i�n�g� �2�0�6� 

�k�g�,� �h�e�a�v�i�e�s�,� �H�,� �a�n�d� �1�2�9� �k�g�,� �l�i�g�h�t�s�,� �L�)� �w�e�r�e� �d�r�y�l�o�t� �f�e�d� 

�b�e�f�o�r�e� �s�w�i�t�c�h�i�n�g� �t�o� �g�r�a�z�i�n�g� �t�r�e�a�t�m�e�n�t�s�.� �T�h�e� �d�r�y�l�o�t� 

�t�r�e�a�t�m�e�n�t�s� �f�o�r� �H� �a�n�d� �L� �h�e�i�f�e�r�s� �w�e�r�e� �h�i�g�h� �e�n�e�r�g�y� �(�H�E�,� �1�0�5�%� 

�T�D�N�)� �a�n�d� �l�o�w� �e�n�e�r�g�y� �(�L�E�,� �8�5�%� �T�D�N�)�.� �S�u�b�s�e�q�u�e�n�t�l�y� �w�h�i�l�e� 

�g�r�a�z�i�n�g�,� �c�o�r�n� �s�u�p�p�l�e�m�e�n�t�s� �i�n� �a�l�t�e�r�n�a�t�i�n�g� �2�8� �d� �p�e�r�i�o�d�s� �d�i�d� 

�n�o�t� �e�n�h�a�n�c�e� �B�W� �o�r� �A�D�G�,� �b�u�t� �t�h�e� �L� �h�e�i�f�e�r�s� �f�e�d� �t�h�e� �L�E� �d�i�e�t� 

�G�u�r�i�n�g� �d�r�y�l�o�t� �p�r�e�v�i�o�u�s� �t�o� �g�r�a�z�i�n�g� �m�a�d�e� �t�h�e� �h�i�g�h�e�s�t� �B�W� �a�n�d� 

�A�D�G�.� �S�e�v�e�r�a�l� �a�u�t�h�o�r�s� �r�e�c�o�m�m�e�n�d� �t�h�a�t� �h�e�i�f�e�r�s� �s�h�o�u�l�d� �n�o�t� �b�e� 

�t�u�r�n�e�d� �o�n�t�o� �p�a�s�t�u�r�e�s� �b�e�f�o�r�e� �6� �m�o� �o�f� �a�g�e� �(�4�9�,�1�2�5�,�2�6�6�)�.� �I�n� 

�V�i�r�g�i�n�i�a�,� �B�l�a�s�e�r� �e�t� �a�l�.�,� �(�2�8�)�,� �r�e�p�o�r�t�e�d� �g�a�i�n�s� �f�o�r� �c�a�t�t�l�e� 

�a�l�l�o�w�e�d� �g�r�a�z�i�n�g� �o�n�l�y� �t�o� �b�e� �4�1�0�,� �6�4�0�,� �a�n�d� �7�3�0� �g�/�d� �u�n�d�e�r� �l�o�w�,� 

�m�e�d�i�u�m� �a�n�d� �h�i�g�h� �a�v�a�i�l�a�b�l�e� �p�a�s�t�u�r�e� �(�f�o�r�a�g�e�)�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�I�o�n�o�p�h�o�r�e�s�,� �l�i�k�e� �r�u�m�e�n�s�i�n� �a�n�d� �l�a�s�a�l�o�c�i�d� �w�e�r�e� �c�l�e�a�r�e�d� �b�y� 

�F�D�A� �f�o�r� �u�s�e� �i�n� �b�e�e�f� �c�a�t�t�l�e� �(�9�4�)� �a�n�d� �d�a�i�r�y� �r�e�p�l�a�c�e�m�e�n�t�s� 

�(�1�1�0�)�.� �T�h�r�o�u�g�h� �m�i�c�r�o�b�i�a�l� �a�c�t�i�o�n� �i�o�n�o�p�h�o�r�e�s� �e�n�h�a�n�c�e� �e�n�e�r�g�e�t�i�c� 

�e�f�f�i�c�i�e�n�c�y� �b�y� �t�h�e�i�r� �m�i�c�r�o�b�i�a�l� �e�f�f�e�c�t� �i�n� �t�h�e� �d�i�g�e�s�t�i�v�e� �t�r�a�c�t� 

�(�3�9�,�4�0�,�2�4�2�)�.� �T�h�u�s�,� �i�o�n�o�p�h�o�r�e�s� �g�e�n�e�r�a�l�l�y� �i�n�c�r�e�a�s�e� �e�f�f�i�c�i�e�n�c�y� 

�o�f� �g�r�o�w�t�h� �r�a�t�e�s� �(�2�0�8�,�9�6�)�,� �i�n�c�r�e�a�s�e� �c�y�c�l�i�n�g� �a�n�d� �i�m�p�r�o�v�e� 

�p�r�e�g�n�a�n�c�y� �i�n� �b�e�e�f� �a�n�i�m�a�l�s� �(�3�1�7�)� �a�n�d� �d�a�i�r�y� �h�e�i�f�e�r�s� �(�1�7�)�,� �a�n�d� 

�a�l�t�e�r� �a�b�s�o�r�p�t�i�o�n� �a�n�d� �r�e�t�e�n�t�i�o�n� �o�f� �m�i�n�e�r�a�l� �i�n� �g�r�o�w�i�n�g� 

�r�u�m�i�n�a�n�t�s� �(�1�4�0�,� �1�4�1�)�.� �G�r�a�z�i�n�g� �b�u�l�l�s� �a�n�d� �h�e�i�f�e�r�s� �f�e�d� 

�i�o�n�o�p�h�o�r�e�s� �h�a�d� �f�a�s�t�e�r� �g�r�o�w�t�h� �r�a�t�e�s� �t�h�a�n� �c�o�n�t�r�o�l� �a�n�i�m�a�l�s�,� �8�6�0� 

�a�n�d� �6�8�0� �g�/�d� �a�n�d� �7�3�0� �v�s� �5�7�0� �g�/�d�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�7�1�)�.� �B�o�t�h� 

�m�o�n�e�n�s�i�n� �a�n�d� �l�a�s�a�l�o�c�i�d� �a�r�e� �r�e�c�o�m�m�e�n�d�e�d� �a�s� �d�i�e�t�a�r�y� �a�d�d�i�t�i�v�e�s� 

�f�o�r� �d�a�i�r�y� �h�e�i�f�e�r�s� �a�s� �t�h�e�s�e� �i�o�n�o�p�h�o�r�e�s� �d�i�d� �n�o�t� �c�a�u�s�e� 

�o�v�e�r�c�o�n�d�i�t�i�o�n�i�n�g� �(�3�1�7�)�.� �L�a�s�a�l�o�c�i�d� �c�a�n� �b�e� �u�s�e�d� �f�o�r� �a�n�y� �a�g�e� 

�o�r� �w�e�i�g�h�t� �h�e�i�f�e�r�s�,� �w�h�i�l�e� �m�o�n�e�n�s�i�n� �i�s� �r�e�s�t�r�i�c�t�e�d� �t�o� �a�n�i�m�a�l�s� 

�a�b�o�v�e� �1�8�1� �k�g� �o�f� �B�W� �(�2�0�8�)�.� 

�P�a�s�t�u�r�e� �f�o�r�a�g�e�s� �m�a�y� �p�r�o�v�i�d�e� �8�0�%� �o�r� �m�o�r�e� �o�f� �t�h�e� �t�o�t�a�l� �D�M� 

�f�o�r� �d�r�y� �c�o�w�s� �a�n�d� �f�o�r� �d�a�i�r�y� �h�e�r�d� �r�e�p�l�a�c�e�m�e�n�t�s� �(�2�5�,�7�0�)�.� �I�n� 

�G�e�o�r�g�i�a�,� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �r�a�i�s�e�d� �m�a�i�n�l�y� �o�n� �p�a�s�t�u�r�e� �c�a�l�v�e�d� �a�t� 

�3�1� �m�o� �w�i�t�h� �a� �t�o�t�a�l� �c�o�s�t� �o�f� �$�7�0�0� �(�1�8�2�)�.� �I�n� �V�i�r�g�i�n�i�a� �t�h�e�r�e� �i�s� 

�n�o� �i�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e� �o�n� �r�a�i�s�i�n�g� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �o�n� 

�e�i�t�h�e�r� �p�a�s�t�u�r�e� �a�l�o�n�e� �o�r� �p�a�s�t�u�r�e� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �i�o�n�o�p�h�o�r�e� 

�o�r� �e�n�e�r�g�y�-�p�r�o�t�e�i�n� �c�o�n�c�e�n�t�r�a�t�e�s�.� 

�T�h�u�s�,� �t�h�e� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�e�r�e�:� �1�)� �t�o� 

�c�o�m�p�a�r�e� �g�r�o�w�t�h� �a�n�d� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �r�e�s�p�o�n�s�e�s� �o�f� �H�o�l�s�t�e�i�n� 
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�h�e�i�f�e�r�s� �f�e�d� �a� �d�r�y�l�o�t� �d�i�e�t� �a�s� �c�o�m�p�a�r�e�d� �t�o� �s�i�m�i�l�a�r� �g�r�a�z�i�n�g� 

�h�e�i�f�e�r�s� �w�i�t�h� �o�n�l�y� �p�a�s�t�u�r�e� �a�n�d� �p�a�s�t�u�r�e� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �1�9�%� 

�C�P� �c�o�n�c�e�n�t�r�a�t�e� �o�r� �l�a�s�a�l�o�c�i�d�;� �2�)� �T�o� �e�s�t�i�m�a�t�e� �p�a�s�t�u�r�e� �h�e�r�b�a�g�e� 

�i�n�t�a�k�e�;� �a�n�d� �3�)� �t�o� �e�s�t�i�m�a�t�e� �c�o�s�t�s� �o�f� �c�o�m�b�i�n�i�n�g� �d�r�y�l�o�t� �a�n�d� 

�p�a�s�t�u�r�e� �f�e�e�d�i�n�g� �f�o�r� �m�a�n�a�g�i�n�g� �d�a�i�r�y� �h�e�i�f�e�r�s�.� 

�M�A�T�E�R�I�A�L� �A�N�D� �M�E�T�H�O�D�S� 

�P�a�s�t�u�r�e� 

�S�i�x� �a�d�j�o�i�n�i�n�g� �p�a�s�t�u�r�e� �p�a�d�d�o�c�k�s� �o�f� �1�.�5� �h�a�,� �a�s� �d�e�s�c�r�i�b�e�d� 

�i�n� �E�x�p�e�r�i�m�e�n�t� �1� �w�e�r�e� �u�s�e�d�.� �H�o�w�e�v�e�r�,� �t�o� �a�c�c�o�m�m�o�d�a�t�e� �t�h�e� �3� 

�g�r�a�z�i�n�g� �t�r�e�a�t�m�e�n�t�s� �t�h�e� �p�a�d�d�o�c�k�s� �w�e�r�e� �d�i�v�i�d�e�d� �i�n�t�o� �2� �b�l�o�c�k�s� 

�o�f� �3� �p�a�d�d�o�c�k�s�.� �T�h�e� �h�e�i�f�e�r�s� �f�o�r� �t�h�e� �3� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� 

�r�a�n�d�o�m�i�z�e�d� �t�o� �t�h�e� �3� �p�a�d�d�o�c�k�s� �i�n� �b�l�o�c�k� �I�.� �A�f�t�e�r� �a�v�a�i�l�a�b�l�e� 

�f�o�r�a�g�e� �d�e�c�l�i�n�e�d� �(�d�e�s�c�r�i�b�e�d� �i�n� �E�x�p�e�r�i�m�e�n�t� �1�)�,� �t�h�e� �h�e�i�f�e�r�s� 

�w�e�r�e� �r�a�n�d�o�m�i�z�e�d� �t�o� �t�h�e� �p�a�d�d�o�c�k�s� �i�n� �b�l�o�c�k� �I�I�.� 

�B�e�c�a�u�s�e� �h�e�i�f�e�r�s� �w�e�r�e� �n�o�t� �a�v�a�i�l�a�b�l�e� �f�o�r� �g�r�a�z�i�n�g� �u�n�t�i�l� �M�a�y� 

�9�,� �o�n�e� �h�a�l�f� �o�f� �t�h�e� �a�r�e�a� �(�3� �p�a�d�d�o�c�k�s�)� �w�a�s� �c�u�t� �f�o�r� �h�a�y� �o�n� �t�h�e� 

�S�a�m�e� �d�a�y� �t�h�a�t� �h�e�i�f�e�r�s� �w�e�r�e� �t�u�r�n�e�d� �i�n�t�o� �t�h�e� �o�t�h�e�r� �t�h�r�e�e� 

�p�a�d�d�o�c�k�s�.� 

�W�i�t�h� �t�h�e� �f�l�u�s�h� �s�p�r�i�n�g� �p�a�s�t�u�r�e� �g�r�o�w�t�h� �t�h�e� �h�e�i�f�e�r�s� �h�a�d� �a� 

�v�e�r�y� �h�i�g�h� �q�u�a�l�i�t�y� �h�e�r�b�a�g�e� �t�o� �s�e�l�e�c�t� �f�r�o�m� �i�n�i�t�i�a�l�l�y�,� 

�m�e�a�n�w�h�i�l�e� �a�f�t�e�r�m�a�t�h� �r�e�g�r�o�w�t�h� �o�n� �t�h�e� �p�a�d�d�o�c�k�s� �t�h�a�t� �h�a�d� �b�e�e�n� 

�c�u�t� �f�o�r� �h�a�y� �g�a�v�e� �l�e�a�f�y� �g�r�o�w�t�h� �f�o�r� �g�r�a�z�i�n�g�.� �A�f�t�e�r� �t�h�e� �s�e�c�o�n�d� 
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�g�r�a�z�i�n�g� �p�e�r�i�o�d�,� �a�s� �h�e�i�f�e�r�s� �w�e�r�e� �s�w�i�t�c�h�e�d� �t�o� �a� �f�r�e�s�h� �p�a�s�t�u�r�e�,� 

�t�h�e� �p�a�d�d�o�c�k�s� �w�e�r�e� �c�l�i�p�p�e�d�,� �t�o� �a�s�s�u�r�e� �l�e�a�f�y� �r�e�g�r�o�w�t�h�.� �M�o�w�i�n�g� 

�r�e�m�o�v�e�d� �m�a�t�u�r�e� �g�r�o�w�t�h� �a�n�d� �r�e�t�a�r�d�e�d� �w�e�e�d�s�,� �i�f� �p�r�e�s�e�n�t�;� �a�l�s�o� 

�c�o�m�p�e�t�i�t�i�o�n� �f�r�o�m� �u�n�d�e�r�g�r�a�z�e�d� �t�a�l�l� �f�e�s�c�u�e� �w�a�s� �r�e�d�u�c�e�d�.� 

�B�o�t�a�n�i�c�a�l� �c�o�m�p�o�n�e�n�t�s� �i�n� �p�a�d�d�o�c�k�s� �w�e�r�e� �a�s�s�e�s�s�e�d� �v�i�s�u�a�l�l�y� �b�y� 

�t�h�e� �D�a�F�o�r� �m�e�t�h�o�d�.� �A�n�y� �t�i�m�e� �t�h�a�t� �h�e�i�f�e�r�s� �c�h�a�n�g�e�d� �p�a�s�t�u�r�e�,� 

�h�a�n�d� �p�l�u�c�k�e�d� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �b�y� �f�o�l�l�o�w�i�n�g� �h�e�i�f�e�r�s� 

�d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �d�a�y� �o�f� �g�r�a�z�i�n�g�.� �H�e�r�b�a�g�e� �n�o�t� �g�r�a�z�e�d� �w�h�e�n� 

�h�e�i�f�e�r�s� �l�e�f�t� �t�h�e� �p�a�d�d�o�c�k� �w�a�s� �a�l�s�o� �c�o�l�l�e�c�t�e�d� �b�y� �h�a�n�d� �c�u�t�t�i�n�g� 

�f�r�o�m� �a�t� �l�e�a�s�t� �2�0� �l�o�c�a�t�i�o�n�s� �i�n� �e�a�c�h� �p�a�d�d�o�c�k�.� 

�A�n�i�m�a�l�s� �a�n�d� �T�r�e�a�t�m�e�n�t�s� 

�I�n� �A�p�r�i�l� �1�9�8�9�,� �3�2� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �w�e�i�g�h�i�n�g� �1�5�5� �(�4�.�6� �m�o�)� 

�t�o� �2�4�1� �k�g� �(�9�.�0� �m�o�)� �w�e�r�e� �b�l�o�c�k�e�d� �b�y� �w�e�i�g�h�t� �a�n�d� �a�g�e� �i�n�t�o� �8� 

�g�r�o�u�p�s� �o�f� �4� �a�n�i�m�a�l�s� �a�n�d� �r�a�n�d�o�m�i�z�e�d� �i�n�t�o� �f�o�u�r� �t�r�e�a�t�m�e�n�t�s�.� 

�T�h�e� �h�e�i�f�e�r�s� �w�e�r�e� �w�o�r�m�e�d� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �a�n�d� �3�0� �d� �l�a�t�e�r�.� 

�T�h�e� �h�e�i�f�e�r�s� �w�e�r�e� �w�e�i�g�h�e�d� �(�n�o�t� �s�h�r�u�n�k�)� �b�i�w�e�e�k�l�y� �o�n� �e�v�e�r�y� 

�o�t�h�e�r� �T�u�e�s�d�a�y� �b�e�g�i�n�n�i�n�g� �a�t� �8�:�0�0� �h�.� �H�e�i�f�e�r�s� �o�n� �p�a�s�t�u�r�e� �w�e�r�e� 

�b�r�o�u�g�h�t� �t�o� �t�h�e� �s�c�a�l�e�s� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e�.� �W�i�t�h�e�r� �h�e�i�g�h�t� �a�n�d� 

�h�e�a�r�t� �g�i�r�t�h� �w�e�r�e� �m�e�a�s�u�r�e�d� �m�o�n�t�h�l�y�.� 

�E�a�c�h� �d�i�e�t� �w�a�s� �f�e�d� �t�o� �e�i�g�h�t� �h�e�i�f�e�r�s� �r�a�n�g�i�n�g� �i�n� �s�i�z�e� 

�f�r�o�m� �s�m�a�l�l� �t�o� �l�a�r�g�e�.� �A� �T�M�R� �f�e�d� �i�n� �d�r�y�l�o�t� �(�D�L�)� �c�o�n�t�a�i�n�i�n�g� 

�5�5�.�8�%� �c�o�r�n� �s�i�l�a�g�e�,� �2�5�.�6�%� �a�l�f�a�l�f�a� �s�i�l�a�g�e� �a�n�d� �1�8�.�6�%� 

�o�r�c�h�a�r�d�g�r�a�s�s� �h�a�y� �(�5�5�.�9�%� �D�M�,� �1�4�.�3�%� �C�P�,� �3�2�.�0�%� �A�D�F� �a�n�d� �6�5�%� 

�T�D�N�)�.� �P�a�s�t�u�r�e� �a�l�o�n�e� �(�P�A�)� �a�n�d� �p�a�s�t�u�r�e� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� 
�9�9



�e�i�t�h�e�r� �l�a�s�a�l�o�c�i�d� �(�P�L�)� �a�n�d� �p�a�s�t�u�r�e� �w�i�t�h� �2�.�0� �k�g� �o�f� �1�9�%� �C�P� 

�c�o�n�c�e�n�t�r�a�t�e� �(�P�G�)� �w�e�r�e� �t�h�e� �o�t�h�e�r� �3� �t�r�e�a�t�m�e�n�t�s�.� �L�a�s�a�l�o�c�i�d� �w�a�s� 

�f�e�d� �f�o�r� �d�a�i�l�y� �i�n�t�a�k�e� �a�t� �2�0�0� �m�g�/�h�d� �a�s� �f�r�e�e� �c�h�o�i�c�e� �i�n� �a� 

�m�i�n�e�r�a�l�-�v�i�t�a�m�i�n� �m�i�x�t�u�r�e� �(�B�o�v�a�m�i�n� �-� �A�:� �S�o�u�t�h�e�r�n� �S�t�a�t�e�s� 

�C�o�o�p�e�r�a�t�i�v�e�,� �R�i�c�h�m�o�n�d�,� �V�A�)�.� �A� �s�i�m�i�l�a�r� �m�i�n�e�r�a�l� �m�i�x�t�u�r�e� 

�C�a�:�P� �(�2�:�1�)� �w�a�s� �a�v�a�i�l�a�b�l�e� �(�m�i�n�u�s� �l�a�s�a�l�o�c�i�d�)� �t�o� �t�h�e� �o�t�h�e�r� �3� 

�t�r�e�a�t�m�e�n�t� �g�r�o�u�p�s�.� 

�T�h�e� �D�L� �g�r�o�u�p� �w�a�s� �c�o�n�f�i�n�e�d� �t�o� �c�o�n�v�e�n�t�i�o�n�a�l� �h�e�i�f�e�r�-�r�e�a�r�i�n�g� 

�p�e�n� �w�i�t�h� �1�2�.�5� �m�@� �p�e�r� �h�e�i�f�e�r�.� �T�h�i�s� �p�r�o�v�i�d�e�d� �o�u�t�d�o�o�r� �s�p�a�c�e� 

�w�i�t�h� �s�h�e�l�t�e�r� �o�n� �o�n�e� �e�n�d� �a�n�d� �a�d�e�q�u�a�t�e� �f�e�e�d� �b�u�n�k� �s�p�a�c�e� �a�t� �t�h�e� 

�o�t�h�e�r� �e�n�d�.� �T�h�e� �p�e�n� �w�a�s� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �a�l�l�o�w� �h�e�i�f�e�r�s� �t�o� 

�m�o�v�e� �f�r�e�e�l�y� �i�n�s�i�d�e�.� �D�i�e�t�s� �w�e�r�e� �f�o�r�m�u�l�a�t�e�d� �f�o�r� �m�a�x�i�m�u�m� 

�f�o�r�a�g�e� �u�s�e�.� �D�u�e� �t�o� �h�i�g�h� �q�u�a�l�i�t�y� �f�o�r�a�g�e� �a�v�a�i�l�a�b�l�e�,� 

�c�o�n�c�e�n�t�r�a�t�e�s� �w�e�r�e� �n�o�t� �a�d�d�e�d� �t�o� �f�o�r�m�u�l�a�t�e� �t�h�e� �D�L� �r�a�t�i�o�n�.� �T�h�e� 

�T�M�R� �d�i�e�t� �w�a�s� �m�i�x�e�d� �b�e�f�o�r�e� �1�2�0�0� �h� �a�n�d� �d�e�l�i�v�e�r�e�d� �t�o� �t�h�e� 

�f�e�e�d�i�n�g� �b�u�n�k� �a�t� �1�3�0�0� �h�.� �F�e�e�d� �w�a�s� �o�f�f�e�r�e�d� �i�n� �s�u�f�f�i�c�i�e�n�t� 

�a�m�o�u�n�t�s� �t�o� �a�s�s�u�r�e� �a� �r�e�s�i�d�u�e� �o�f� �5� �t�o� �1�0�%�.� �H�e�i�f�e�r�s� �h�a�d� �a�c�c�e�s�s� 

�t�o� �f�e�e�d� �a�t� �a�l�l� �t�i�m�e�s�.� �U�r�e�a� �a�n�d� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �m�e�t�h�o�d�s� 

�w�e�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �c�h�a�p�t�e�r�.� 

�U�l�t�r�a�s�o�u�n�d� �M�e�a�s�u�r�e�m�e�n�t�s� 

�B�a�c�k�f�a�t� �d�e�p�t�h� �a�n�d� �L�o�n�g�i�s�s�i�m�u�s� �m�u�s�c�l�e� �a�r�e�a� �w�e�r�e� �e�s�t�i�m�a�t�e�d� 

�m�o�n�t�h�l�y� �b�y� �u�l�t�r�a�s�o�u�n�d� �m�e�a�s�u�r�e�s�.� �D�e�t�e�r�m�i�n�a�t�i�o�n�s� �w�e�r�e� �m�a�d�e� �b�y� 

�t�h�e� �S�c�a�n�o�g�r�a�m� �M�o�d�e�l� �A�l�o�k�a� �2�1�0� �R�e�a�l� �T�i�m�e� �M�a�c�h�i�n�e� 

�(�C�r�o�m�o�-�m�e�t�r�i�c�s� �M�e�d�i�c�a�l� �S�y�s�t�e�m�s�,� �I�n�c�.�,� �W�a�l�l�i�n�g�f�o�r�d�,� �C�T�)� �w�i�t�h� 
�1�0�0



�a� �5� �M�H�Z� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� �p�r�o�b�e�.� �M�e�a�s�u�r�e�s� �o�f� �b�a�c�k�f�a�t� �d�e�p�t�h� 

�a�n�d� �r�i�b�e�y�e� �a�r�e�a� �(�R�E�A�)� �w�e�r�e� �t�a�k�e�n� �o�v�e�r� �t�h�e� �L�o�n�g�i�s�s�i�m�u�s� �m�u�s�c�l�e� 

�b�e�t�w�e�e�n� �r�i�b�s� �1�2� �a�n�d� �1�3� �(�3�1�9�,�3�2�0�,�3�2�1�)� �o�n� �e�a�c�h� �h�e�i�f�e�r�s �� �l�e�f�t� 

�s�i�d�e�.� �A� �h�e�a�d�-�l�o�c�k� �s�q�u�e�e�z�e� �c�h�u�t�e� �w�a�s� �u�s�e�d� �t�o� �r�e�s�t�r�a�i�n� �t�h�e� 

�a�n�i�m�a�l�s� �a�n�d� �m�i�n�e�r�a�l� �o�i�l� �w�a�s� �a�p�p�l�i�e�d� �a�t� �t�h�e� �m�e�a�s�u�r�i�n�g� �s�i�t�e� �t�o� 

�e�n�s�u�r�e� �a� �g�o�o�d� �c�o�n�t�a�c�t� �b�e�t�w�e�e�n� �t�h�e� �p�r�o�b�e� �a�n�d� �s�k�i�n� �o�f� �t�h�e� 

�a�n�i�m�a�l� �(�1�3�3�)�.� 

�A� �s�t�a�n�d�a�r�d� �V�H�S� �v�i�d�e�o� �r�e�c�o�r�d�e�r� �w�a�s� �u�s�e�d� �t�o� �r�e�c�o�r�d� �s�c�a�n�s� 

�f�o�r� �p�o�s�t�e�r�i�o�r� �s�k�e�t�c�h�i�n�g� �o�f� �R�E�A�.� �D�i�r�e�c�t� �m�e�a�s�u�r�e�m�e�n�t� �(�c�m�)� �o�f� 

�t�h�e� �f�a�t�-�l�e�a�n� �b�o�u�n�d�a�r�y� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �s�c�a�n�s� �i�m�a�g�e�d� �o�n� 

�a� �T�V� �m�o�n�i�t�o�r� �s�c�r�e�e�n�,� �b�e�c�a�u�s�e� �d�i�g�i�t�a�l�l�y� �d�i�s�p�l�a�y�e�d� �m�e�a�s�u�r�e�m�e�n�t� 

�f�r�o�m� �t�h�e� �f�a�c�e� �o�f� �t�h�e� �t�r�a�n�s�d�u�c�e�r� �w�a�s� �i�n�a�p�p�r�o�p�r�i�a�t�e� �d�u�e� �t�o� �a� 

�s�m�a�l�l� �f�a�t�-�l�e�a�n� �b�o�u�n�d�a�r�y� �o�n� �t�h�e�s�e� �h�e�i�f�e�r�s�.� �A�c�e�t�a�t�e� �p�a�p�e�r� �w�a�s� 

�u�s�e�d� �t�o� �t�r�a�c�e� �t�h�e� �r�i�b�e�y�e� �a�r�e�a�s� �d�i�r�e�c�t�l�y� �f�r�o�m� �t�h�e� �v�i�d�e�o� 

�m�o�n�i�t�o�r�.� �T�h�e� �A�u�t�o�s�k�e�t�c�h� �(�A�u�t�o�d�e�s�k� �I�n�c�,� �S�a�u�s�a�l�i�t�a�,� �C�a� �9�4�9�6�5�)� 

�S�p�a�t�i�a�l� �D�i�g�i�t�i�z�e�r� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �R�E�A�.� �M�e�a�s�u�r�e�d� 

�R�E�A� �w�e�r�e� �t�h�e�n� �a�d�j�u�s�t�e�d� �f�o�r� �s�c�a�l�i�n�g� �o�f� �t�h�e� �v�i�d�e�o� �d�i�s�p�l�a�y� �a�n�d� 

�r�e�c�o�r�d�e�d� �a�s� �s�q�u�a�r�e� �c�e�n�t�i�m�e�t�e�r�s�.� 

�B�o�d�y� �c�o�n�d�i�t�i�o�n� �s�c�o�r�i�n�g� �(�3�1�0�)� �a�n�d� �u�r�e�a� �d�i�l�u�t�i�o�n� �a�s� 

�d�e�s�c�r�i�b�e�d� �b�y� �B�a�r�t�l�e� �e�t� �a�l�.� �(�2�0�)� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�u�r� �t�i�m�e�s� 

�Q�u�r�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �p�e�r�i�o�d�.� 

�U�r�e�a� �a�n�d� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� 

�T�h�e� �u�r�e�a� �d�i�l�u�t�i�o�n� �p�r�o�c�e�d�u�r�e� �f�o�l�l�o�w�e�d� �t�h�e� �o�r�i�g�i�n�a�l� 
�1�0�1



�o�u�t�l�i�n�e� �o�f� �P�r�e�s�t�o�n� �a�n�d� �K�o�c�h� �(�2�2�5�)�,� �w�i�t�h� �m�o�d�i�f�i�c�a�t�i�o�n�s� 

�p�r�o�p�o�s�e�d� �b�y� �B�a�r�t�l�e� �e�t� �a�l�.� �(�2�0�)�,� �(�f�u�l�l� �f�e�d�)� �a�n�d� �t�h�e� 

�p�r�e�c�a�u�t�i�o�n�s� �r�e�c�o�m�m�e�n�d�e�d� �b�y� �H�a�m�m�o�n�d� �e�t� �a�l�.� �(�1�0�3�,�1�0�5�)�.� �U�r�e�a� 

�s�o�l�u�t�i�o�n� �w�a�s� �p�r�e�p�a�r�e�d� �o�n� �t�h�e� �d�a�y� �b�e�f�o�r�e� �i�n�f�u�s�i�o�n�.� 

�C�a�t�h�e�t�e�r�i�z�a�t�i�o�n� �o�f� �h�e�i�f�e�r�s� �w�a�s� �n�o�t� �p�e�r�f�o�r�m�e�d�.� �H�e�i�f�e�r�s� �w�e�r�e� 

�w�e�i�g�h�e�d� �o�n� �t�h�e� �m�o�r�n�i�n�g� �(�0�8�0�0� �h�)� �o�f� �t�h�e� �e�s�t�a�b�l�i�s�h�e�d� �n�o�r�m�a�l� 

�w�e�i�g�h�i�n�g� �d�a�t�e� �a�n�d� �u�r�e�a� �i�n�f�u�s�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �t�h�e� �n�e�x�t� 

�m�o�r�n�i�n�g�.� �F�o�r� �i�n�f�u�s�i�o�n�,� �h�e�i�f�e�r�s� �w�e�r�e� �r�e�s�t�r�a�i�n�e�d� �i�n� �s�c�a�l�e�s� 

�w�i�t�h� �a� �h�e�a�d�-�c�a�t�c�h� �m�e�c�h�a�n�i�s�m� �a�n�d� �a� �1�0� �m�l� �b�l�o�o�d� �s�a�m�p�l�e� �(�b�l�o�o�d� 

�u�r�e�a�-�N� �b�a�s�e� �l�i�n�e�)� �w�a�s� �o�b�t�a�i�n�e�d� �v�i�a� �v�e�n�i�p�u�n�c�t�u�r�e� �o�f� �t�h�e� 

�j�u�g�u�l�a�r� �v�e�i�n� �t�h�r�o�u�g�h� �a� �1�4� �g� �x� �2�.�5� �c�m� �n�e�e�d�l�e� �a�t�t�a�c�h�e�d� �t�o� �a� 

�s�t�a�i�n�l�e�s�s� �s�t�e�e�l� �o�n�e�-�w�a�y� �s�t�o�p�c�o�c�k�.� �E�i�g�h�t� �c�e�n�t�i�m�e�t�e�r�s� �o�f� �4� �m�m� 

�I�D� �T�y�g�o�n� �t�u�b�i�n�g� �w�a�s� �c�o�n�n�e�c�t�e�d� �t�o� �s�e�c�o�n�d� �o�n�e�-�w�a�y� �s�t�o�p�c�o�c�k�.� 

�S�i�x�t�y� �m�l� �s�y�r�i�n�g�e�s� �w�e�r�e� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �s�e�c�o�n�d� �s�t�o�p�c�o�c�k� �t�o� 

�a�d�m�i�n�i�s�t�e�r� �t�h�e� �u�r�e�a� �s�o�l�u�t�i�o�n�.� �T�h�e� �b�l�o�o�d� �s�a�m�p�l�e� �w�a�s� 

�c�o�l�l�e�c�t�e�d� �i�n�t�o� �a� �h�e�p�a�r�i�n�i�z�e�d� �t�u�b�e� �(�2�0�0� �u�l� �(�1�4�3� 

�u�n�i�t�s�)� �N�a�-�H�e�p�a�r�i�n�)� �a�n�d� �i�m�m�e�d�i�a�t�e�l�y� �p�l�a�c�e�d� �o�n� �i�c�e�.� 

�T�h�e� �s�a�m�e� �a�p�p�a�r�a�t�u�s� �w�a�s� �u�s�e�d� �t�o� �i�n�f�u�s�e� �i�n�t�o� �t�h�e� �j�u�g�u�l�a�r� 

�v�e�i�n� �1�3�0� �m�g�/�k�g� �B�W� �o�f� �2�0�%� �u�r�e�a� �s�o�l�u�t�i�o�n� �d�i�s�s�o�l�v�e�d� �i�n� �.�9�%� 

�s�a�l�i�n�e� �s�o�l�u�t�i�o�n�.� �T�w�e�l�v�e� �m�i�n� �l�a�t�e�r� �a� �s�e�c�o�n�d� �b�l�o�o�d� �s�a�m�p�l�e� �w�a�s� 

�c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �j�u�g�u�l�a�r� �v�e�i�n� �o�n� �t�h�e� �o�p�p�o�s�i�t�e� �s�i�d�e� �o�f� �t�h�e� 

�n�e�c�k�.� �P�l�a�s�m�a� �u�r�e�a� �n�i�t�r�o�g�e�n� �c�h�a�n�g�e� �w�a�s� �t�h�e�n� �m�e�a�s�u�r�e�d� �b�y� 

�d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� �s�a�m�p�l�e�s� �a�n�d� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� 

�u�r�e�a� �s�p�a�c�e�.� 
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�I�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y�,� �b�l�o�o�d� �w�a�s� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �3�2�2�0� �x�g� �r�p�m� 

�f�o�r� �1�5� �m�i�n�.� �O�n�e� �m�l� �o�f� �p�l�a�s�m�a� �w�a�s� �p�r�o�c�e�s�s�e�d� �a�c�c�o�r�d�i�n�g� �t�o� 

�C�o�u�l�o�m�b�e� �a�n�d� �F�a�v�r�e�a�u�,� �(�5�5�)� �f�o�r� �P�U�N� �d�e�t�e�r�m�i�n�a�t�i�o�n�s�.� �U�r�e�a� 

�s�p�a�c�e� �(�U�S�)� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �a�s� �p�e�r�c�e�n�t� �o�f� �B�W� �a�c�c�o�r�d�i�n�g� �t�o� 

�B�a�r�t�l�e� �e�t� �a�l�.� �(�1�8�)�:� 

�U�r�e�a� �S�p�a�c�e� �=� �[�(�m�g� �u�r�e�a�-�N�/�c�h�a�n�g�e� �i�n� �P�U�N�)�/�B�W�]�*�1�0�,� �w�h�e�r�e�:� 

�m�g� �u�r�e�a�-�N�=� �g� �o�f� �u�r�e�a� �i�n�f�u�s�e�d� �*� �%�N� �i�n� �u�r�e�a� �(�4�6�.�7�%�)� �*� �u�r�e�a� 

�D�M� �(�9�2�.�4�)�.� �C�h�a�n�g�e� �i�n� �P�U�N�=� �D�i�f�f�e�r�e�n�c�e� �i�n� �P�U�N� �b�e�t�w�e�e�n� �t�h�e� 

�b�l�o�o�d� �s�a�m�p�l�e�s� �t�a�k�e�n� �a�t� �z�e�r�o� �a�n�d� �1�2� �m�i�n�.� 

�T�o� �e�s�t�i�m�a�t�e� �b�o�d�y� �c�o�m�p�o�n�e�n�t�s�,� �t�h�e� �e�q�u�a�t�i�o�n�s� �d�e�v�e�l�o�p�e�d� �f�o�r� 

�H�o�l�s�t�e�i�n� �s�t�e�e�r�s� �b�y� �H�a�m�m�o�n�d� �e�t� �a�l�.� �(�1�0�5�)�,� �w�e�r�e� �u�s�e�d�.� 

�P�r�o�p�o�r�t�i�o�n�s� �a�s� �a� �p�e�r�c�e�n�t� �o�f� �e�m�p�t�y� �B�W� �w�e�r�e� �e�s�t�i�m�a�t�e�d� �a�s� 

�f�o�l�l�o�w�s�:� 

�%� �E�B�W�A�T�E�R� �=� �8�3�.�5� �- �� �.�1�6�0�*�U�S�%�B�W� �-� �.�0�3�2�0�*�B�W� 

�%� �E�B�F�A�T� �=� �-�5�.�9� �+� �.�1�4�0�*�U�S�@�B�W� �+� �.�0�3�0�*�B�W� 

�%� �E�B�P�R�O� �=� �1�6�.�6� �-� �.�0�0�9�*�U�S�%�B�W� �+� �.�0�0�5�*�B�W� 

�%� �E�B�A�S�H� �=� �b�y� �d�i�f�f�e�r�e�n�c�e� 

�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� 

�H�e�i�f�e�r� �r�e�s�p�o�n�s�e�s� �t�o� �c�o�m�p�a�r�e� �d�r�y�l�o�t� �a�n�d� �p�a�s�t�u�r�e� 

�t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �a�s� �a� �c�o�m�p�l�e�t�e� �b�l�o�c�k� �d�e�s�i�g�n� �w�i�t�h� 

�b�l�o�c�k�s� �o�f� �f�o�u�r� �h�e�i�f�e�r�s� �e�a�c�h�,� �b�a�s�e�d� �o�n� �w�e�i�g�h�t� �(�G�i�l�l�,� �9�3�)�.� 

�A�n�o�v�a� �w�a�s� �o�b�t�a�i�n�e�d� �w�i�t�h� �t�h�e� �G�L�M� �p�r�o�c�e�d�u�r�e� �o�f� �S�A�S� �(�2�4�4�)�.� 
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�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�G�r�o�w�t�h� 

�V�a�r�i�o�u�s� �m�e�a�s�u�r�e�m�e�n�t�s� �d�e�s�c�r�i�b�i�n�g� �g�r�o�w�t�h� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� 

�T�a�b�l�e� �1�8�.� �L�e�a�s�t� �s�q�u�a�r�e� �m�e�a�n�s� �(�g�/�d�)� �f�o�r� �A�D�G� �w�e�r�e� �g�r�e�a�t�e�s�t� 

�f�o�r� �d�r�y�l�o�t�,� �b�u�t� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �p�a�s�t�u�r�e� �p�l�u�s� 

�g�r�a�i�n� �(�P�G�)�.� �A�n�i�m�a�l�s� �o�n� �P�G� �g�a�i�n�e�d� �m�o�r�e� �t�h�a�n� �P�A� �(�P�<�.�0�5�)� �b�u�t� 

�n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �t�h�a�n� �P�L� �(�P�>�.�0�5�)�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� 

�b�e�t�w�e�e�n� �P�A� �a�n�d� �P�L� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�.� 

�M�e�a�n�s� �f�o�r� �a�l�l� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �B�W� �(�2�6�0� �k�g�)�,� �W�H� �(�1�1�4� �c�m�)� 

�a�n�d� �H�G� �(�1�4�8� �c�m�)� �a�n�d� �v�a�l�u�e�s� �o�f� �t�h�e�s�e� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �s�i�m�i�l�a�r� 

�f�o�r� �t�r�e�a�t�m�e�n�t�s�.� �C�o�m�p�a�r�i�n�g� �b�o�d�y� �w�e�i�g�h�t�s� �t�o� �s�t�a�n�d�a�r�d�s� �i�n� 

�T�a�b�l�e� �3�,� �D�L� �h�e�i�f�e�r�s� �a�t�t�a�i�n�e�d� �g�r�o�w�t�h� �n�e�a�r�e�s�t� �t�o� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�n�d� �P�A� �f�e�d� �h�e�i�f�e�r�s� �w�e�r�e� �b�e�l�o�w� �t�h�e� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �i�n� �T�a�b�l�e� �3�.� �R�e�s�p�o�n�s�e�s� �o�f� �p�a�s�t�u�r�e� �h�e�i�f�e�r�s� 

�s�u�p�p�l�e�m�e�n�t�e�d� �P�G� �a�n�d� �P�L� �w�e�r�e� �i�n�t�e�r�m�e�d�i�a�t�e�.� �A�s� �a� �n�e�g�a�t�i�v�e� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �s�t�a�n�d�a�r�d� �i�n� �T�a�b�l�e� �3�,� �P�A� �w�a�s� �1�1�.�5�%� �b�e�l�o�w� �i�n� �B�W� 

�a�n�d� �4�.�6�%� �b�e�l�o�w� �i�n� �W�H�.� �T�h�e� �l�a�t�t�e�r� �m�a�y� �b�e� �m�o�r�e� �i�m�p�o�r�t�a�n�t� 

�r�e�l�a�t�i�v�e� �t�o� �s�t�r�u�c�t�u�r�a�l� �s�t�a�n�d�a�r�d�s�.� 
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�T�a�b�l�e� �1�8�.� �T�r�e�a�t�m�e�n�t� �o�f� �e�f�f�e�c�t�s� �o�n� �b�o�d�y� �w�e�i�g�h�t�,� �g�a�i�n�s�,� 
�w�i�t�h�e�r� �h�e�i�g�h�t�,� �h�e�a�r�t� �g�i�r�t�h�,� �b�o�d�y� �c�o�n�d�i�t�i�o�n� 
�s�c�o�r�e�,� �b�a�c�k�f�a�t� �d�e�p�t�h� �a�n�d� �r�i�b�e�y�e� �a�r�e�a� �o�f� �H�o�l�s�t�e�i�n� 
�h�e�i�f�e�r�s� �(�L�S� �m�e�a�n�s�)�.� 
� � 

� � 

�I�t�e�m� �D�r�y�l�o�t� �A�l�o�n�e� �+�L�a�s�a�l�o�c�i�d� �+�G�r�a�i�n� �S�E� 

�B�W�,� �k�g� �2�7�2�.�2� �2�5�0�.�5� �2�5�6�.�9� �2�6�0�.�4� �9�.�9�0� 
�A�D�G�,� �k�g�/�d� �.�9�3�4�a� �.�7�5�5�¢� �.�8�3�5�b�e� �8�7�1�8�5� �1�0�4� 
�W�H�,� �c�m� �1�1�4�.�0� �1�1�3�.�5� �1�1�4�.�6� �1�1�4�.�6� �1�.�1�9� 
�H�G�,� �c�m� �1�4�9�.�1� �1�4�6�.�4� �1�4�6�.�1� �1�4�9�.�3� 
�B�C�S�,� �u�n�i�t�s� �3�.�5�8� �3�.�3� �3�.�3� �3�.�2�)� �.�0�9� 
�B�a�c�k�f�a�t�,� �m�m� �3�.�9�8� �2�.�9�b� �3�.�2�b� �3�.�2�b� �.�0�1� 
�R�E�A�,� �c�m�2� �4�1�.�5�8� �3�5�.�9�P�C� �3�9�3�4�.� �5�C�¢� �3�7�.�8� �>� �1�.�8�8� 

�c�m�2�/�1�0�0� �k�g� �B�W� �1�5�.�2� �1�4�.�3� �1�3�.�4� �1�4�.�5� �-�-� 
�W�H�/�B�W�,� �c�m�/�k�g� �.�4�2� �2�4�5� �2�4�5� �.�4�4� �~�-� 
�H�G�/�B�W�,� �c�m�/�k�g� �2�5�5� �.�5�8� �.�5�7� �.�5�7� �-�-� 
� � 

�a�,�b�,�C�M�e�a�n�s� �i�n� �t�h�e� �s�a�m�e� �r�o�w� �b�e�a�r�i�n�g� �d�i�f�f�e�r�e�n�t� �s�u�p�e�r�s�c�r�i�p�t�s� 
�d�i�f�f�e�r� �b�y� �P�<�.�0�5�.� 

�M�e�a�n�s� �w�i�t�h�o�u�t� �s�u�p�e�r�s�c�r�i�p�t�s� �d�o� �n�o�t� �d�i�f�f�e�r� �(�P�>�.�0�5�)�.� 
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�E�x�c�e�p�t� �f�o�r� �t�h�e� �P�A� �h�e�i�f�e�r�s� �t�h�e� �A�D�G� �w�a�s� �a�b�o�v�e� �t�h�e� 

�r�e�c�o�m�m�e�n�d�e�d� �8�0�0� �g�/�d� �b�y� �A�m�i�r� �e�t� �a�l�.� �(�7�)�,� �S�e�j�r�s�e�n� �(�2�5�2�)�,� 

�S�w�a�n�s�o�n� �(�2�7�7�)� �a�n�d� �W�a�l�d�o� �e�t� �a�l�.� �(�2�1�0�)�.� �T�h�e�r�e� �w�a�s� �a� �l�i�n�e�a�r� 

�i�n�c�r�e�a�s�e� �i�n� �B�W�,� �W�H�,� �a�n�d� �H�G� �f�r�o�m� �b�e�g�i�n�n�i�n�g� �t�o� �e�n�d� �o�f� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �i�m�p�o�s�e�d� �t�r�e�a�t�m�e�n�t�s� �h�a�d� �n�o�t� 

�r�e�s�t�r�i�c�t�e�d� �g�r�o�w�t�h� �o�f� �h�e�i�f�e�r�s�.� 

�U�l�t�r�a�s�o�u�n�d� �d�e�t�e�r�m�i�n�a�t�i�o�n�s� �(�T�a�b�l�e� �1�8�)� �r�e�v�e�a�l�e�d� �t�h�a�t� 

�t�h�i�c�k�n�e�s�s� �o�f� �b�a�c�k�f�a�t� �w�a�s� �h�i�g�h�e�s�t� �f�o�r� �D�L� �h�e�i�f�e�r�s�,� �l�o�w�e�s�t� �f�o�r� 

�P�A� �a�n�d� �v�a�l�u�e�s� �f�o�r� �P�H� �a�n�d� �P�L� �w�e�r�e� �s�i�m�i�l�a�r� �a�n�d� �n�o�t� �d�i�f�f�e�r�e�n�t� 

�f�r�o�m� �P�A�.� �T�h�e�r�e� �w�a�s� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �i�n� �b�o�d�y� �c�o�n�d�i�t�i�o�n� �s�c�o�r�i�n�g� 

�(�B�C�S�)� �a�n�d� �u�l�t�r�a�s�o�u�n�d� �m�e�a�s�u�r�e�m�e�n�t�.� �H�e�i�f�e�r�s� �f�e�d� �p�a�s�t�u�r�e� �+� 

�g�r�a�i�n� �(�P�G�)� �h�a�d� �t�h�e� �l�o�w�e�s�t� �s�c�o�r�e� �(�3�.�2�)� �b�u�t� �d�i�d� �n�o�t� �d�i�f�f�e�r� 

�f�r�o�m� �t�h�e� �o�t�h�e�r� �p�a�s�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�.� �T�h�e� �B�C�S� �v�a�l�u�e� �f�o�r� �D�L� 

�h�e�i�f�e�r�s� �w�a�s� �3�.�5� �a�n�d� �d�i�f�f�e�r�e�d� �(�P�<�.�0�5�)� �f�r�o�m� �a�l�l� �p�a�s�t�u�r�e� 

�t�r�e�a�t�m�e�n�t�s�.� �S�i�m�i�l�a�r� �o�b�s�e�r�v�a�t�i�o�n�s� �a�r�e� �r�e�p�o�r�t�e�d� �f�o�r� �m�a�t�u�r�e� 

�c�o�w�s� �(�3�1�9�,�3�2�0�)� �a�n�d� �s�h�e�e�p� �(�1�0�0�)�.� 

�L�u�n�t� �e�t� �a�l�.� �(�1�6�4�)� �a�s�s�e�s�s�e�d� �c�a�r�c�a�s�s� �c�o�m�p�o�s�i�t�i�o�n�,� 

�c�o�m�p�a�r�i�n�g� �s�a�m�p�l�e�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �s�t�e�e�r�s� �f�e�d� �g�r�a�i�n� �i�n� �d�r�y�l�o�t� 

�o�r� �p�a�s�t�u�r�e�.� �A�t� �m�a�i�n�t�e�n�a�n�c�e�,� �s�t�e�e�r�s� �w�e�i�g�h�i�n�g� �1�6�9�.�1� �k�g� �a�t� 

�s�l�a�u�g�h�t�e�r� �h�a�d� �2�.�8� �m�m� �o�f� �b�a�c�k�f�a�t� �m�e�a�s�u�r�e�d� �o�n� �t�h�e� �1�2�t�h� �r�i�b�.� �A�s� 

�w�e�i�g�h�t� �g�a�i�n� �i�n�c�r�e�a�s�e�d� �a�b�o�v�e� �1�6�9�.�1� �k�g�,� �t�h�e� �g�r�a�i�n� �f�e�d� �a�n�i�m�a�l�s� 

�s�h�o�w�e�d� �p�r�o�g�r�e�s�s�i�v�e� �i�n�c�r�e�a�s�e�s� �i�n� �s�e�p�a�r�a�b�l�e� �f�a�t� �a�s� �c�o�m�p�a�r�e�d� �t�o� 

�p�a�s�t�u�r�e� �f�e�d� �a�n�i�m�a�l�s�.� �H�e�i�f�e�r�s� �o�n� �P�A� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �h�a�d� �a� 

�2�.�9� �m�m� �b�a�c�k�f�a�t� �d�e�p�t�h� �a�n�d� �g�a�i�n�e�d� �7�5�5� �g�/�d� �(�T�a�b�l�e� �1�8�)�.� 
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�S�u�b�c�u�t�a�n�e�o�u�s� �f�a�t� �d�e�p�o�s�i�t�i�o�n� �m�e�a�s�u�r�e�d� �3�.�2� �m�m� �i�n� �a�n�i�m�a�l�s� 

�w�i�t�h� �g�r�a�i�n� �s�u�p�p�l�e�m�e�n�t�,� �w�h�i�l�e� �D�L� �h�e�i�f�e�r�s� �h�a�d� �t�h�e� �h�i�g�h�e�s�t� 

�(�P�<�.�0�5�)� �b�a�c�k�f�a�t� �d�e�p�o�s�i�t�i�o�n� �(�3�.�9� �m�m�)�.� �W�o�r�k� �o�f� �L�u�n�t� �a�n�d� 

�a�s�s�o�c�i�a�t�e�s� �(�1�6�4�)� �d�o�e�s� �n�o�t� �m�e�n�t�i�o�n� �t�h�e� �a�g�e� �o�f� �a�n�i�m�a�l�s�,� �b�u�t� 

�t�h�e�i�r� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e�i�r� �a�n�i�m�a�l�s� �w�e�r�e� �m�o�r�e� �m�a�t�u�r�e� 

�t�h�a�n� �t�h�e� �h�e�i�f�e�r�s� �i�n� �t�h�i�s� �s�t�u�d�y�.� �B�a�c�k�f�a�t� �d�e�p�t�h� �f�o�r� �P�L� �w�a�s� 

�h�i�g�h�e�r� �t�h�a�n� �f�o�r� �P�A� �f�e�d� �h�e�i�f�e�r�s� �w�h�i�c�h� �m�a�y� �b�e� �r�e�a�d� �a�s� �t�h�e� 

�s�a�m�e� �t�r�e�n�d� �w�a�s� �r�e�p�o�r�t�e�d� �b�y� �O�w�e�n�s� �e�t� �a�l�.� �(�2�0�8�)�.� 

�L�o�n�g�i�s�s�i�m�u�s� �m�u�s�c�l�e� �a�r�e�a� �(�R�E�A�)� �m�e�a�s�u�r�e�m�e�n�t� �d�i�d� �n�o�t� �d�i�f�f�e�r� 

�a�m�o�n�g� �t�r�e�a�t�m�e�n�t�s� �a�n�d� �a�v�e�r�a�g�e�d� �3�7�.�4� �c�m�2�,� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� 

�1�4�.�3� �c�m�?� �p�e�r� �1�0�0� �k�g� �o�f� �B�W�.� �H�o�w�e�v�e�r�,� �l�a�s�a�l�o�c�i�d� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �(�P�L�)� �r�e�s�u�l�t�i�n�g� �i�n� �l�o�w� �R�E�A� �(�T�a�b�l�e� �1�8�)� �s�i�m�i�l�a�r� 

�t�o� �o�t�h�e�r� �p�a�s�t�u�r�e�d� �a�n�i�m�a�l�s�.� �S�i�m�i�l�a�r� �e�f�f�e�c�t�s� �h�a�v�e� �b�e�e�n� 

�r�e�p�o�r�t�e�d� �b�y� �O�w�e�n�s� �e�t� �a�l�.� �(�2�0�8�,� �T�a�b�l�e� �7�)�;� �w�i�t�h� �l�a�r�g�e�r� 

�f�i�n�i�s�h�i�n�g� �a�n�i�m�a�l�s�.� 

�H�e�i�f�e�r� �g�r�o�w�t�h� �w�a�s� �l�o�w�e�s�t� �w�i�t�h� �p�a�s�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�.� 

�A�s�s�e�s�s�m�e�n�t� �o�f� �g�r�o�w�t�h� �o�n� �i�n�d�i�v�i�d�u�a�l� �a�n�i�m�a�l�s� �b�y� �p�e�r�i�o�d�i�c� 

�w�e�i�g�h�i�n�g� �a�t� �1�4� �d� �i�n�t�e�r�v�a�l�s� �(�t�e�m�p�o�r�a�l� �c�h�a�n�g�e�s� �i�n� �B�W�)� �s�h�o�w�s� 

�v�a�r�i�a�b�l�e� �r�a�t�e�s� �o�f� �g�a�i�n� �a�m�o�n�g� �p�e�r�i�o�d�s�,� �b�u�t� �f�i�n�a�l� �B�W� �w�a�s� �n�o�t� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�o�r� �h�e�i�f�e�r�s� �o�n� �p�a�s�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�.� 

�T�e�m�p�o�r�a�l� �c�h�a�n�g�e�s� �i�n� �l�i�v�e�w�e�i�g�h�t� �g�a�i�n�s� �a�r�e� �a� �f�u�n�c�t�i�o�n� �o�f� 

�l�e�n�g�t�h� �o�f� �i�n�t�e�r�v�a�l� �b�e�t�w�e�e�n� �w�e�i�g�h�i�n�g�s�.� �R�u�m�e�n� �f�i�l�l� �i�n�f�l�u�e�n�c�e�s� 

�r�u�m�i�n�a�n�t� �w�e�i�g�h�t� �a�n�d� �m�a�y� �a�f�f�e�c�t� �i�n�t�e�r�p�r�e�t�i�v�e� �c�o�n�c�l�u�s�i�o�n�s� �o�f� 

�r�e�s�u�l�t�s� �(�2�0�9�,�2�1�0�)�.� �T�h�i�s� �f�a�c�t� �e�x�p�l�a�i�n�s� �t�h�e� �v�a�r�i�a�b�l�e� �A�D�G� 

�v�a�l�u�e�s� �a�m�o�n�g� �p�e�r�i�o�d�.� 
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�B�o�d�y� �C�o�m�p�o�s�i�t�i�o�n� 

�B�l�o�o�d� �m�e�a�s�u�r�e�m�e�n�t�s� �a�n�d� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �a�r�e� �s�h�o�w�n� �i�n� 

�T�a�b�l�e� �1�9�.� �N�o� �s�i�g�n�i�f�i�c�a�n�t� �(�P�>�.�0�5�)� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �f�o�u�n�d� �f�o�r� 

�b�o�d�y� �c�o�m�p�o�n�e�n�t�s� �o�r� �b�l�o�o�d� �m�e�a�s�u�r�e�m�e�n�t�s�,� �e�x�c�e�p�t� �f�o�r� �p�l�a�s�m�a� 

�u�r�e�a� �n�i�t�r�o�g�e�n� �(�P�U�N�)�.� �P�l�a�s�m�a� �u�r�e�a� �n�i�t�r�o�g�e�n� �w�a�s� �n�o�t� �d�i�f�f�e�r�e�n�t� 

�(�P�>�.�0�5�)� �f�o�r� �P�A� �a�n�d� �P�G� �h�e�i�f�e�r�s�,� �b�u�t� �o�t�h�e�r� �c�o�m�p�a�r�i�s�o�n�s� 

�d�i�f�f�e�r�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y�.� �T�h�e� �P�U�N� �v�a�l�u�e�s� �a�r�e� �w�e�l�l� �a�b�o�v�e� �t�h�e� 

�n�o�r�m�a�l� �o�f� �8� �m�g� �u�r�e�a�-�N�/�1�0�0� �m�l� �o�f� �p�l�a�s�m�a� �(�1�4�)� �a�n�d� �1�0� �m�g� �u�r�e�a�-�N� 

�o�b�s�e�r�v�e�d� �b�y� �P�r�e�s�t�o�n� �e�t� �a�l�.� �(�2�2�6�)�;� �h�o�w�e�v�e�r�,� �t�h�e�s�e� �v�a�l�u�e�s� �a�r�e� 

�i�n� �c�l�o�s�e� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�o�s�e� �o�f� �C�a�r�v�e�r� �e�t� �a�l�.� �(�3�8�)�.� �T�h�e� 

�h�i�g�h� �v�a�l�u�e�s� �o�f� �P�U�N� �f�o�r� �h�e�i�f�e�r�s� �o�n� �p�a�s�t�u�r�e� �m�a�y� �b�e� �c�a�u�s�e�d� �b�y� 

�h�i�g�h� �f�o�r�a�g�e� �p�r�o�t�e�i�n� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �g�r�a�z�i�n�g� �1�9�.�6�%� �a�n�d� �1�3�.�1�%� 

�o�n� �d�r�y� �b�a�s�i�s�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�A�p�p�e�n�d�i�x� �T�a�b�l�e� �7�)�.� �T�h�e� �C�P� �w�a�s� 

�1�3�.�9�%� �f�o�r� �t�h�e� �d�r�y�l�o�t� �d�i�e�t�.� 

�A�m�o�n�g� �p�a�s�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�,� �h�e�i�f�e�r�s� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� 

�l�a�s�a�l�o�c�i�d� �(�P�L�)� �s�h�o�w�e�d� �t�h�e� �l�o�w�e�s�t� �P�U�N� �v�a�l�u�e� �(�1�4�.�9�)� �a�s� 

�c�o�m�p�a�r�e�d� �t�o� �P�A� �a�n�d� �P�G� �h�e�i�f�e�r�s� �(�1�6�.�4� �m�g� �u�r�e�a�-�N�/�1�0�0�m�l�1�;� �T�a�b�l�e� 

�1�9�)�.� �L�a�s�o�l�a�c�i�d� �m�i�g�h�t� �h�a�v�e� �c�h�a�n�g�e�d� �p�r�o�t�e�i�n� �m�e�t�a�b�o�l�i�s�m� �i�n� �t�h�e� 

�r�u�m�e�n� �b�y� �s�h�i�f�t�i�n�g� �e�i�t�h�e�r� �t�h�e� �b�a�l�a�n�c�e� �o�f� �m�i�c�r�o�b�i�a�l� �s�p�e�c�i�e�s� �o�r� 

�b�y� �s�h�i�f�t�i�n�g� �t�h�e� �b�a�l�a�n�c�e� �o�f� �t�h�e� �d�i�g�e�s�t�i�v�e� �e�n�d�-�p�r�o�d�u�c�t�s� �o�r� 

�b�o�t�h�.� 

�H�e�m�a�t�o�c�r�i�t� �c�o�u�n�t� �a�s� �a� �p�e�r�c�e�n�t� �o�f� �p�a�c�k�e�d� �c�e�l�l� �v�o�l�u�m�e� 

�(�P�C�V�)� �w�a�s� �r�e�d�u�c�e�d� �i�n� �b�l�o�o�d� �s�a�m�p�l�e�s� �a�f�t�e�r� �u�r�e�a� �i�n�f�u�s�i�o�n� 

�(�T�a�b�l�e� �1�9�)�.� �T�h�e� �d�i�r�e�c�t� �e�f�f�e�c�t� �o�f� �i�n�f�u�s�i�n�g� �t�h�e� �u�r�e�a� �d�o�s�i�n�g� 
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�T�a�b�l�e� �1�9�.� �L�e�a�s�t� �s�q�u�a�r�e� �m�e�a�n�s� �a�n�d� �s�t�a�n�d�a�r�d� �e�r�r�o�r�s� �f�o�r� �p�l�a�s�m�a� 
�u�r�e�a� �n�i�t�r�o�g�e�n�,� �c�h�a�n�g�e� �i�n� �p�l�a�s�m�a� �u�r�e�a� �n�i�t�r�o�g�e�n�,� 
�h�e�m�a�t�o�c�r�i�t�,� �u�r�e�a� �s�p�a�c�e� �a�n�d� �b�o�d�y� �c�o�m�p�o�n�e�n�t�s� �o�f� 
�H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �f�e�d� �a� �t�o�t�a�l� �m�i�x�e�d� �r�a�t�i�o�n� �i�n� �d�r�y�l�o�t� 
�o�r� �g�r�a�z�i�n�g� �a� �g�r�a�s�s�-�l�e�g�u�m�e� �m�i�x�t�u�r�e� �a�l�o�n�e� �o�r� 
�s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �l�a�s�a�l�o�c�i�d� �o�r� �a� �1�9�%� �C�P� �g�r�a�i�n� 
�m�i�x�t�u�r�e� �i�n� �1�9�8�9�.� 
� � 

� � 

� � 

�T�r�e�a�t�m�e�n�t�s� 

�I�t�e�m� �D�r�y�l�o�t� �A�l�o�n�e� �+�L�a�s�o�l�a�c�i�d� �+�G�r�a�i�n� �S�E� 

�B�W�,� �k�g� �2�7�2�.�2� �2�5�0�.�5� �2�5�6�.�9� �2�6�0�.�4� �9�.�9�0� 
�P�U�N�,� �m�g� �u�r�e�a�-�N�/�d�l� �1�1�.�5�°�¢� �1�6�.�4�4� �1�4�.�9�)� �1�6�.�3�4� �1�.�3�5� 
�C�H�P�U�N�,�m�g� �u�r�e�a�-�N�/�d�l� �1�1�.�1� �1�0�.�5� �1�1�.�0� �1�1�.�5� �2�3�7� 
�H�M�T�B�,� �*�P�C�V� �3�1�.�2� �3�3�.�4� �3�1�.�7� �3�2�.�9� �1�.�0�5� 
�H�M�T�A�,� �*�P�C�V� �3�0�.�9� �3�2�.�8� �3�1�.�2� �3�2�.�8� �1�.�0�7� 
�U�S�,� �*�B�W�T� �5�1�.�7� �5�4�.�4� �5�3�.�1� �5�0�.�0� �1�.�6�0� 
�E�B�W�A�T�E�R�,� �%� �6�6�.�7� �6�6�.�8� �6�6�.�8� �6�7�.�2� �-� �4�0� 
�E�B�F�A�T�,� �%� �9�.�3� �9�.�1� �9�.�2� �8�.�9� �-�4�0� 
�E�B�P�R�O�,� �%� �1�7�.�5� �1�7�.�3� �1�7�.�4� �1�7�.�4� �-�0�5� 
�E�B�A�S�H�,� �%� �6�.�5� �6�.�8� �6�.�8� �6�.�5� 
�E�B�F�A�T�:� �E�B�P�R�O� �~�5�3� �~�5�2� �5�3� �~�5�1� 
� � 

�a�,�D�,�C�L�e�a�s�t� �s�q�u�a�r�e� �m�e�a�n�s� �i�n� �t�h�e� �s�a�m�e� �r�o�w� �b�e�a�r�i�n�g� �d�i�f�f�e�r�e�n�t� 
�s�u�p�e�r�s�c�r�i�p�t�s� �d�i�f�f�e�r� �b�y� �P�<�.�0�5�.� 

�L�e�a�s�t� �s�q�u�a�r�e� �m�e�a�n�s� �w�i�t�h�o�u�t� �s�u�p�e�r�s�c�r�i�p�t�s� �d�o� �n�o�t� �d�i�f�f�e�r� 
�(�P�>�.�0�5�)�.� 

�E�B�A�S�H�:� �b�y� �d�i�f�f�e�r�e�n�c�e� 

�H�M�T�A� �-� �h�e�m�a�t�o�c�r�i�t� �a�f�t�e�r�,� �1�2� �m�i�n�,� �a�f�t�e�r� �u�r�e�a� �i�n�f�u�s�i�o�n�.� 

�H�M�T�B� �-� �h�e�m�a�t�o�c�r�i�t� �b�e�f�o�r�e�,� �0� �m�i�n�,� �b�e�f�o�r�e� �u�r�e�a� �i�n�f�u�s�i�o�n�.� 

�1�0�9



�s�o�l�u�t�i�o�n� �(�.�6�5� �m�l�/�k�g� �B�W�)� �c�o�u�l�d� �e�x�p�l�a�i�n� �t�h�e� �s�l�i�g�h�t� �r�e�d�u�c�t�i�o�n� 

�i�n� �P�C�V� �a�t� �t�h�e� �s�e�c�o�n�d� �s�a�m�p�l�i�n�g�.� �A�n�o�t�h�e�r� �f�a�c�t�o�r� �w�h�i�c�h� �m�i�g�h�t� 

�h�a�v�e� �r�e�d�u�c�e�d� �h�e�m�a�t�o�c�r�i�t� �i�s� �h�e�m�o�l�y�s�i�s�.� �H�e�m�o�l�y�s�i�s� �c�o�n�s�i�s�t�e�n�t�l�y� 

�o�c�c�u�r�r�e�d� �w�i�t�h� �t�h�e� �s�e�c�o�n�d� �s�a�m�p�l�e�,� �c�o�n�t�r�a�s�t�e�d� �w�i�t�h� �z�e�r�o� �t�i�m�e� 

�s�a�m�p�l�e�s�.� �B�a�r�t�l�e� �e�t� �a�l�.� �(�2�1�)�,� �r�e�p�o�r�t�e�d� �h�e�m�o�l�y�s�i�s� �i�n� �s�h�e�e�p� 

�w�h�e�n� �a� �2�2�%� �o�r� �h�i�g�h�e�r� �u�r�e�a� �s�o�l�u�t�i�o�n� �w�a�s� �i�n�j�e�c�t�e�d�.� �I�n� �o�u�r� 

�r�e�s�e�a�r�c�h�,� �h�e�m�o�l�y�s�i�s� �d�i�d� �n�o�t� �s�e�e�m� �t�o� �c�h�a�n�g�e� �e�i�t�h�e�r� �P�U�N� �o�r� 

�c�a�u�s�e� �a� �c�h�a�n�g�e� �i�n� �P�U�N� �a�f�t�e�r� �i�n�f�u�s�i�o�n�,� �b�e�c�a�u�s�e� �t�h�e� �s�m�a�l�l� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �b�l�o�o�d� �N�H�3� �i�n� �s�a�m�p�l�e�s� �(�0� �a�n�d� �1�2� �m�i�n�)�.� 

�H�o�w�e�v�e�r�,� �s�e�v�e�r�a�l� �p�a�p�e�r�s� �r�e�v�i�e�w�e�d� �o�n� �u�r�e�a� �s�p�a�c�e� �d�o� �n�o�t� �r�e�p�o�r�t� 

�w�h�e�t�h�e�r� �h�e�m�o�l�y�s�i�s� �o�c�c�u�r�r�e�d�.� 

�U�s�i�n�g� �t�r�e�a�t�m�e�n�t� �m�e�a�n�s�,� �e�m�p�t�y� �b�o�d�y� �c�o�m�p�o�n�e�n�t�s� �(�E�B�)� 

�c�a�l�c�u�l�a�t�e�d� �b�y� �t�h�e� �f�o�r�m�u�l�a� �E�B�W�=� �(�B�W� �-� �1�5�.�3�)�/�1�.�0�9� �a�c�c�o�r�d�i�n�g� �t�o� 

�e�s�t�i�m�a�t�i�o�n�s� �o�f� �g�u�t� �c�o�n�t�e�n�t�s� �o�f� �g�r�a�z�i�n�g� �c�a�t�t�l�e� �(�1�)� �a�r�e� �s�h�o�w�n� 

�i�n� �T�a�b�l�e� �2�0�.� �A�m�o�n�g� �p�a�s�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �o�f� �h�e�i�f�e�r�s�,� �t�h�e� �E�B�W� 

�w�e�r�e� �s�i�m�i�l�a�r�,� �h�o�w�e�v�e�r�,� �p�a�s�t�u�r�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �h�a�d� �a� 

�t�e�n�d�e�n�c�y� �t�o� �i�n�c�r�e�a�s�e� �e�m�p�t�y� �b�o�d�y� �w�e�i�g�h�t�,� �E�B�F�A�T�,� �a�n�d� �E�B�P�R�O� 

�c�o�m�p�a�r�e�d� �t�o� �p�a�s�t�u�r�e� �a�l�o�n�e�.� 

�1�1�0



�T�a�b�l�e� �2�0�.� �E�f�f�e�c�t� �o�f� �d�r�y�l�o�t�,� �p�a�s�t�u�r�e� �a�l�o�n�e�,� �p�a�s�t�u�r�e� �p�l�u�s� 
�l�a�s�a�l�o�c�i�d� �(�P�L�)� �a�n�d� �p�a�s�t�u�r�e� �p�l�u�s� �1�9�%� �C�P� �(�P�G�)� �o�n� 
�e�m�p�t�y� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �o�n� �a� 

� � 

� � 

� � 

�m�a�s�s� �b�a�s�i�s� �(�k�g�)�.� �L�S� �m�e�a�n�s�.� 

�T�r�e�a�t�m�e�n�t�s� 

�C�o�m�p�o�n�e�n�t�s� �D�r�y�l�o�t� �A�l�o�n�e� �+�L�a�s�o�l�a�c�i�d� �+�G�r�a�i�n� 

�B�w� �2�7�2�.�2� �2�5�0�.�5� �2�5�6�.�9� �2�6�0�.�4� 
�E�E�B�W� �2�3�5�.�7� �2�1�5�.�8� �2�2�1�.�6� �2�2�4�.�9� 
�E�B�W�A�T�E�R� �1�5�7�.�2� �1�4�4�.�1� �1�4�8�.�0� �1�5�1�.�1� 
�E�B�F�A�T� �2�1�.�9� �1�9�.�6� �2�0�.�4� �2�0�.�0� 
�E�B�P�R�O� �4�1�.�2� �3�7�.�3� �3�8�.�5� �3�9�.�1� 
�E�B�A�S�H� �1�5�.�3� �1�4�.�9� �1�4�.�6� �1�4�.�6� 
�E�B�F�A�T�:� �E�B�P�R�O� �-�5�3� �~�5�2� �-�5�3� �~�5�1� 

�D�e�p�o�s�i�t�i�o�n�,� �g�/�k�g�:� 
�W�A�T�E�R� �6�6�1� �6�6�7� �6�6�5� �6�6�7� 
�F�A�T� �9�3� �9�1� �9�2� �.� �8�9� 
�P�R�O�T�E�I�N� �1�7�5� �1�7�3� �1�7�4� �1�7�4� 
�A�S�H� �6�5� �6�9� �6�6� �6�5� 
�G�r�o�s�s� �e�n�e�r�g�y�,� �M�c�a�l�/�k�g� �1�.�8�3� �1�.�8�0� �1�.�8�2� �1�.�8�0� 
�T�o�t�a�l� �g�r�o�s�s� �e�n�e�r�g�y�,�M�c�a�l� �4�3�2�.�5� �3�7�3�.�6� �3�8�7�.�7� �3�8�7�.�3� 
�T�o�t�a�l� �g�r�o�s�s� �e�n�e�r�g�y� 

�a�s� �F�A�T�,� �M�c�a�l� �2�0�5�.�9� �1�7�6�.�7� �1�8�4�.�2� �1�8�0�.�5� 
�T�o�t�a�l� �g�r�o�s�s� �e�n�e�r�g�y� 

�a�s� �P�R�O�T�E�I�N� �2�2�6�.�6� �1�9�6�.�1� �2�0�3�.�5� �2�0�6�.�8� 
� � 

�L�e�a�s�t� �s�q�u�a�r�e� �m�e�a�n�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �P�>�.�0�5�.� 

�l�a�b�b�r�e�v�i�a�t�i�o�n�s� �K�e�y� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �3� 
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�T�h�e� �E�B�F�A�T�:�E�B�P�R�O� �r�a�t�i�o� �w�e�r�e� �s�i�m�i�l�a�r� �f�o�r� �a�l�l� �h�e�i�f�e�r�s� �o�n� 

�f�o�u�r� �t�r�e�a�t�m�e�n�t�s� �(�T�a�b�l�e� �2�0�)�.� �T�h�e� �n�a�r�r�o�w� �r�a�t�i�o� �o�f� �f�a�t� �t�o� 

�p�r�o�t�e�i�n� �d�e�p�o�s�i�t�i�o�n� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �n�u�t�r�i�t�i�o�n�a�l� �s�t�a�t�u�s� �w�a�s� 

�s�i�m�i�l�a�r� �f�o�r� �D�L� �a�n�d� �p�a�s�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �f�o�r� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� 

�o�f� �t�h�i�s� �a�g�e� �a�n�d� �B�W�.� �T�h�e� �g�r�o�s�s� �e�n�e�r�g�y� �o�f� �g�a�i�n� �w�a�s� �a�l�s�o� 

�s�i�m�i�l�a�r� �f�o�r� �a�l�l� �t�r�e�a�t�m�e�n�t�s� �(�1�.�8�1� �M�c�a�l�/�k�g�)�.� �T�h�e� �v�a�l�u�e�s� �a�s� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �u�r�e�a� �d�i�l�u�t�i�o�n� �w�e�r�e� �n�e�a�r� �v�a�l�u�e�s� �o�b�t�a�i�n�e�d� �b�y� 

�H�a�m�m�o�n�d� �e�t� �a�l�.� �(�1�0�5�)� �w�i�t�h� �H�o�l�s�t�e�i�n� �s�t�e�e�r�s�,� �a�n�d� �s�l�i�g�h�t�l�y� 

�d�i�f�f�e�r�e�n�t� �f�r�o�m� �r�e�s�u�l�t�s� �f�o�r� �b�e�e�f� �c�a�t�t�l�e� �o�b�t�a�i�n�e�d� �b�y� �H�a�m�m�o�n�d� 

�e�t� �a�l�.� �(�1�0�2�)�,� �B�a�r�t�l�e�s� �e�t� �a�l�.� �(�1�8�)�,� �P�r�e�s�t�o�n� �a�n�d� �K�o�c�h� �(�2�2�5�)�,� 

�K�o�c�h� �a�n�d� �P�r�e�s�t�o�n� �(�1�4�5�)�,� �a�n�d� �M�e�i�s�s�n�e�r� �e�t� �a�l�.� �(�1�7�7�)�.� �H�o�w�e�v�e�r�,� 

�t�h�e� �v�a�l�u�e�s� �o�b�t�a�i�n�e�d� �f�o�r� �U�S� �i�n� �t�h�i�s� �s�t�u�d�y� �w�e�r�e� �h�i�g�h�e�r� �t�h�a�n� 

�t�h�o�s�e� �f�o�u�n�d� �b�y� �J�o�n�e�s� �e�t� �a�l�.� �(�1�3�2�)�.� 

�T�h�e� �s�e�q�u�e�n�t�i�a�l� �o�r� �l�o�n�g�i�t�u�d�i�n�a�l� �c�h�a�n�g�e�s� �i�n� �b�o�d�y� 

�c�o�m�p�o�s�i�t�i�o�n� �o�f� �h�e�i�f�e�r�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �f�o�u�r� �t�i�m�e�s� �d�u�r�i�n�g� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �p�e�r�i�o�d� �(�1�5�5� �d�)� �b�y� �u�r�e�a� �d�i�l�u�t�i�o�n�.� �T�h�e� �r�e�s�u�l�t�s� 

�i�n� �T�a�b�l�e� �2�1� �s�h�o�w� �c�h�a�n�g�e�s� �i�n� �B�W�,� �e�s�t�i�m�a�t�e�d� �e�m�p�t�y� �b�o�d�y� �w�e�i�g�h�t� 

�(�E�E�B�W�)� �a�n�d� �p�e�r�c�e�n�t� �o�f� �E�B�W�A�T�E�R�,� �E�B�F�A�T� �a�n�d� �E�B�P�R�O�;� �o�n� �a� �m�a�s�s� 

�b�a�s�i�s� �(�T�a�b�l�e� �2�2�)�;� �a�n�d� �a�s� �t�h�e� �e�n�e�r�g�y� �c�o�n�t�e�n�t� �o�f� �g�a�i�n�e�d� �w�e�i�g�h�t� 

�i�n� �T�a�b�l�e� �2�3�.� 

�O�n� �a� �p�e�r�c�e�n�t� �b�a�s�i�s� �(�T�a�b�l�e� �2�1�)�,� �f�r�o�m� �b�e�g�i�n�n�i�n�g� �t�o� �e�n�d� �o�f� 

�t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �E�B�W�A�T�E�R� �f�o�r� �t�r�e�a�t�m�e�n�t�s� �d�e�c�r�e�a�s�e�d� �w�h�i�l�e� �E�B�F�A�T� 

�i�n�c�r�e�a�s�e�d�.� �P�r�o�t�e�i�n� �a�c�c�r�e�t�i�o�n� �a�l�s�o� �i�n�c�r�e�a�s�e�d� �s�i�m�i�l�a�r�l�y� �a�m�o�n�g� 

�t�r�e�a�t�m�e�n�t�s�.� �B�o�d�y� �a�s�h� �(�T�a�b�l�e� �2�2�)� �c�a�l�c�u�l�a�t�e�d� �b�y� �d�i�f�f�e�r�e�n�c�e�,� 

�d�e�c�r�e�a�s�e�d� �a�s� �p�r�o�t�e�i�n� �i�n�c�r�e�a�s�e�d�.� �T�h�e�s�e� �t�r�e�n�d�s� �s�u�p�p�o�r�t� �t�h�e� 
�1�1�2



�T�a�b�l�e� �2�1�.� �S�e�q�u�e�n�t�i�a�l� �c�h�a�n�g�e�s� �i�n� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �H�o�l�s�t�e�i�n� 
�h�e�i�f�e�r�s� �f�e�d� �e�i�t�h�e�r� �a� �T�M�R� �i�n� �d�r�y�l�o�t� �(�D�L�)�,� 
�p�a�s�t�u�r�e� �a�l�o�n�e� �(�P�A�)�,� �p�a�s�t�u�r�e� �p�l�u�s� �l�a�s�a�l�o�c�i�d� 
�(�P�L�)� �o�r� �p�a�s�t�u�r�e� �p�l�u�s� �a� �g�r�a�i�n� �m�i�x�t�u�r�e�,� �1�9�.�0� 

� � 

� � 

�%� �C�P� �(�P�G�)�.� 

�D�A�T�E� 
�I�t�e�m� �M�a�y� �5� �J�u�n�e� �2�1� �A�u�g�u�s�t� �1�6� �O�c�t�o�b�e�r� �1�0� �D�i�f�f� 

�B�w�i� �k�g�:� �D�L� �1�9�5�.�0� �2�3�3�.�6� �2�9�2�.�7� �3�3�9�.�5� �1�4�4�.�0� 
�P�A� �1�9�5�.�0� �2�1�7�.�0� �2�6�7�.�4� �3�1�1�.�3� �1�1�6�.�3� 
�P�L� �1�9�5�.�1� �2�2�0�.�9� �2�7�5�.�4� �3�2�3�.�5� �1�2�8�.�4� 
�P�G� �1�9�5�.�0� �2�2�3�.�4� �2�7�9�.�4� �3�2�9�.�4� �1�3�4�.�4� 

�E�E�B�W�,� �k�g�:� �D�L� �1�7�4�.�9� �2�1�0�.�3� �2�6�4�.�5� �3�0�7�.�5� �1�3�2�.�6� 
�P�A� �1�6�4�.�9� �1�8�5�.�0� �2�3�1�.�3� �2�7�1�.�5� �1�0�6�.�6� 
�P�L� �1�6�5�.�0� �1�8�8�.�6� �2�3�8�.�6� �2�8�2�.�7� �1�1�7�.�7� 
�P�G� �1�6�4�.�9� �1�9�0�.�9� �2�4�2�.�3� �2�8�8�.�2� �1�2�3�.�3� 

�E�B�W�A�T�E�R�,� �%�*�D�L� �6�8�.�9� �6�6�.�7� �6�6�.�2� �6�5�.�7� �-�3�.�2� 
�P�A� �6�9�.�1� �6�7�.�7� �6�5�.�7� �6�4�.�8� �-�4�.�3� 
�P�L� �6�8�.�8� �6�8�.�2� �6�6�.�4� �6�5�.�4� �-�3�.�4� 
�P�G� �6�8�.�8� �6�8�.�2� �6�6�.�4� �6�5�.�4�  ��3�.�4�.� 

�E�B�F�A�T�,� �%�:� �D�L� �7�.�5� �9�.�1� �9�.�4� �1�1�.�4� �3�.�9� 
�P�A� �7�.�2� �9�.�3� �9�.�8� �1�0�.�3� �3�.�1� 
�P�L� �7�.�1� �8�.�4� �1�0�.�2� �1�1�.�1� �4�.�0� 
�P�G� �7�.�4� �7�.�9� �9�.�6� �1�0�.�6� �3�.�2� 

�E�B�P�R�O� �%�:� �D�L� �1�7�.�1� �1�7�.�3� �1�7�.�6� �1�7�.�8� �7� 
�P�A� �1�7�.�1� �1�7�.�1� �1�7�.�4� �1�7�.�7� �-�6� 
�P�L� �1�7�.�1� �1�7�.�3� �1�7�.�5� �1�7�.�8� �7� 
�P�G� �1�7�.�1� �1�7�.�3� �1�7�.�5� �1�7�.�8� �7� 
� � 

�l�a�b�b�r�e�v�i�a�t�i�o�n�s� �K�e�y� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �3�.� 
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�T�a�b�l�e� �2�2�.� �S�e�q�u�e�n�t�i�a�l� �c�h�a�n�g�e�s� �i�n� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �(�K�G�)� �o�f� 
�H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �f�e�d� �e�i�t�h�e�r� �a� �T�M�R� �i�n� �d�r�y�l�o�t� �(�D�L�)�,� 
�p�a�s�t�u�r�e� �a�l�o�n�e� �(�P�A�)�,� �p�a�s�t�u�r�e� �p�l�u�s� �l�a�s�a�l�o�c�i�d� �(�P�L�)� 
�o�r� �p�a�s�t�u�r�e� �p�l�u�s� �a� �g�r�a�i�n� �m�i�x�t�u�r�e�,� �1�9�.�0� �%� �C�P� �(�P�G�)�.� 

� � 

� � 

�D�A�T�E� 
�I�t�e�m� �M�a�y� �5� �J�u�n�e� �2�1� �A�u�g�u�s�t� �1�6� �O�c�t�o�b�e�r� �1�0� �D�i�f�f� 

�E�B�W�A�T�E�R�!�:� �D�L� �1�2�0�.�0� �1�4�0�.�0� �1�7�6�.�4� �1�9�8�.�0� �7�8�.�0� 
�P�A� �1�1�3�.�6� �1�2�3�.�4� �1�5�7�.�9� �1�8�5�.�7� �7�2�.�1� 
�P�L� �1�1�4�.�0� �1�2�7�.�7� �1�5�6�.�8� �1�8�3�.�2� �6�9�.�2� 
�P�G� �1�1�3�.�4� �1�3�0�.�2� �1�6�0�.�9� �1�8�8�.�5� �7�5�.�1� 

�E�B�F�A�T�:� �D�L� �1�3�.�1� �1�9�.�1� �2�4�.�9� �3�5�.�0� �2�1�.�9� 
�P�A� �1�1�.�9� �1�7�.�2� �2�2�.�7� �2�8�.�0� �1�6�.�1� 
�P�L� �1�1�.�7� �1�5�.�8� �2�4�.�3� �3�1�.�4� �1�9�.�7� 
�P�G� �1�2�.�2� �1�5�.�1� �2�3�.�4� �3�0�.�5� �1�8�.�3� 

�E�B�P�R�O�:� �D�L� �2�9�.�9� �3�6�.�4� �4�6�.�5� �5�4�.�7� �2�4�.�8� 
�P�A� �2�8�.�2� �3�1�.�6� �4�0�.�2� �4�8�.�0� �1�9�.�8� 
�P�L� �2�8�.�2� �3�2�.�6� �4�1�.�7� �5�0�.�3� �2�2�.�1� 
�P�G� �2�8�.�2� �3�3�.�9�0� �4�2�.�4� �5�1�.�3� �2�3�.�1� 

�E�B�A�S�H�:� �D�L� �6�.�8� �6�.�7� �6�.�3� �6�.�4� �-�.�4� 
�P�A� �6�.�8� �6�.�9� �6�.�6� �6�.�3� �-�.�5� 

�P�L� �6�.�7� �6�.�6� �6�.�6� �6�.�3� �~�-�.�4� 
�P�G� �6�.�7� �6�.�6� �6�.�5� �6�.�2� �-�.�5� 
� � 
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�t�h�e�o�r�y� �o�f� �c�o�n�s�t�a�n�c�y� �o�f� �b�o�d�y� �p�r�o�t�e�i�n� �a�n�d� �f�a�t� �(�1�9�3�,�1�9�4�,� 

�2�3�2�,�3�0�3�)�.� �T�o�t�a�l� �e�n�e�r�g�y� �g�a�i�n�e�d� �i�n� �M�c�a�l�/�k�g� �o�f� �E�E�B�W� �(�T�a�b�l�e� �2�3�)� 

�w�a�s� �h�i�g�h�e�s�t� �f�o�r� �D�L� �b�u�t� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� 

�a�n�i�m�a�l�s� �i�n� �a�n�y� �p�a�s�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�.� 

�U�r�e�a� �s�p�a�c�e� �a�n�d� �r�e�s�u�l�t�i�n�g� �b�o�d�y� �c�o�m�p�o�s�i�t�i�o�n� �(�w�a�t�e�r�,� �f�a�t�,� 

�p�r�o�t�e�i�n�,� �a�s�h� �a�n�d� �f�a�t�-�t�o�-�p�r�o�t�e�i�n� �r�a�t�i�o�s�)� �a�r�e� �i�n� �t�h�e� �r�a�n�g�e� �o�f� 

�t�h�o�s�e� �r�e�p�o�r�t�e�d� �i�n� �l�i�t�e�r�a�t�u�r�e�.� �P�r�i�o�r� �t�o� �g�r�a�z�i�n�g�,� �v�a�l�u�e�s� �f�o�r� 

�U�S� �(�T�a�b�l�e� �2�4�)� �w�e�r�e� �5�2�.�5�%� �f�o�r� �9�.�9� �m�o� �o�l�d� �h�e�i�f�e�r�s� �w�e�i�g�h�i�n�g� 

�1�9�5�.�0� �k�g� �B�W�.� �F�o�r�t�y�-�t�w�o� �d�a�y�s� �l�a�t�e�r�,� �U�S� �i�n�c�r�e�a�s�e�d� �s�l�i�g�h�t�l�y� �t�o� 

�5�4�.�7�%�.� �T�h�i�s� �c�h�a�n�g�e� �s�e�e�m�s� �t�o� �b�e� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �d�i�e�t�a�r�y� 

�c�h�a�n�g�e�s� �a�n�d� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �f�i�l�l�,� �b�e�c�a�u�s�e� �s�l�i�g�h�t� 

�c�h�a�n�g�e�s� �i�n� �b�o�d�y� �c�o�m�p�o�n�e�n�t�s� �w�e�r�e� �d�e�t�e�c�t�e�d�.� �W�i�t�h� �a�l�l� �h�e�i�f�e�r�s�,� 

�E�B�W�A�T�E�R� �a�n�d� �E�B�A�S�H� �d�e�c�r�e�a�s�e�d� �w�h�i�l�e� �E�B�F�A�T� �a�n�d� �E�B�P�R�O� �i�n�c�r�e�a�s�e�d�.� 

�T�h�i�s� �t�r�e�n�d� �w�a�s� �r�e�l�a�t�e�d� �t�o� �h�e�i�f�e�r�s� �g�r�o�w�i�n�g� �t�o�w�a�r�d�s� �m�a�t�u�r�e� 

�b�o�d�y� �s�i�z�e�.� �A�l�t�h�o�u�g�h� �h�e�i�f�e�r�s� �g�r�a�z�e�d� �f�o�r�a�g�e� �o�f� �e�x�c�e�l�l�e�n�t� 

�q�u�a�l�i�t�y� �a�n�d� �a�b�u�n�d�a�n�c�e�,� �t�h�e� �i�n�t�a�k�e� �a�n�d� �g�u�t� �f�i�l�l� �v�a�r�i�e�d� �d�u�e� �t�o� 

�s�e�l�e�c�t�i�v�e� �g�r�a�z�i�n�g�.� �H�e�i�f�e�r�s� �o�n� �D�L� �t�r�e�a�t�m�e�n�t� �w�e�r�e� �t�h�o�u�g�h�t� �t�o� 

�h�a�v�e� �l�i�t�t�l�e� �v�a�r�i�a�t�i�o�n� �i�n� �g�u�t� �f�i�l�l� �b�e�c�a�u�s�e� �o�f� �a� �c�o�n�s�t�a�n�t� 

�s�u�p�p�l�y� �o�f� �f�e�e�d� �a�n�d� �a�d� �l�i�b�i�t�u�m� �f�e�e�d�i�n�g�.� �A�t� �t�h�e� �e�n�d� �o�f� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�,� �t�h�e� �a�v�e�r�a�g�e� �v�a�l�u�e�s� �o�f� �a�l�l� �h�e�i�f�e�r�s� �w�e�r�e�:� �B�W� �3�2�5�.�9� 

�k�g�,� �U�S� �4�9�.�8�%�,� �6�5�.�1� �E�B�W�A�T�E�R�,� �1�0�.�9� �E�B�F�A�T�,� �1�7�.�8� �E�B�P�R�O� �a�n�d� �6�.�2�%� 

�E�B�A�S�H�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�T�a�b�l�e� �2�3�.� �S�e�q�u�e�n�t�i�a�l� �c�h�a�n�g�e�s� �i�n� �t�h�e� �e�n�e�r�g�y� �c�o�n�t�e�n�t�s� �o�f� �g�a�i�n� 
�i�n� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� �f�e�d� �e�i�t�h�e�r� �a� �T�M�R� �i�n� �d�r�y�l�o�t� 
�(�D�L�)�,� �p�a�s�t�u�r�e� �a�l�o�n�e�.� �(�P�A�)�,� �p�a�s�t�u�r�e� �p�l�u�s� �l�a�s�a�l�o�c�i�d� 
�(�P�L�)� �o�r� �p�a�s�t�u�r�e� �p�l�u�s� �a� �g�r�a�i�n� �m�i�x�t�u�r�e� �1�9�%� �C�P� �(�P�G�)�.� 
� � 

� � 

� � 

� � 

�T�o�t�a�l� �T�o�t�a�l� �E�n�e�r�g�y� �F�a�t� �&� �P�r�o�t�e�i�n� 
�G�a�i�n� �G�a�i�n�e�d� �P�e�r� �k�g� �G�a�i�n�e�d� 

�I�t�e�m� �k�g� �M�c�a�l� �M�c�a�l� �g�/�k�g� �g�/�d� 

�E�E�B�W�:� �D�L� �1�3�2�.�6� �3�4�2�.�3�1� �2�.�5�8�1� �3�5�2�1� �3�0�1�1� 
�P�A� �1�0�6�.�6� �2�6�0�.�2� �2�-�4�4� �3�3�7� �2�3�2� 

�P�L� �1�1�7�.�7� �3�0�6�.�7� �2�.�6�0� �3�5�5� �2�6�9� 

�P�G� �1�2�3�.�3� �2�9�9�.�0� �2�.�4�3� �3�3�5� �2�6�7� 

�E�B�F�A�T�:� �D�L� �2�1�.�9� �2�0�5�.�9� �1�.�5�5� �1�6�5� �1�4�1� 
�P�A� �1�6�.�1� �1�5�1�.�3� �1�.�4�2� �1�5�1� �1�0�4� 

�P�L� �1�9�.�7� �1�8�5�.�2� �1�.�5�7� �1�6�7� �1�2�7� 
�P�G� �1�8�.�3� �1�7�2�.�0� �1�.�4�0� �1�4�8� �1�1�8� 

�E�B�P�R�O�:� �D�L� �2�4�.�8� �1�3�6�.�4� �1�.�0�3� �1�8�7� �1�6�0� 

�P�A� �1�9�.�8� �1�0�8�.�9� �1�.�0�2� �1�8�6� �1�2�8� 
�P�L� �2�2�.�1� �1�2�1�.�5� �1�.�0�3� �1�8�8� �1�4�2� 

�P�G� �2�3�.�1� �1�2�7�.�0� �1�.�0�3� �1�8�7� �1�4�9� 
� � 

�E�B�W�A�T�E�R� �a�n�d� �E�B�A�S�H� �a�r�e� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�e� �e�n�e�r�g�y� �c�o�n�t�e�n�t�s� 
�o�f� �t�h�e� �g�a�i�n�.� 

�1�E�E�B�W� �e�n�e�r�g�y� �o�r� �t�i�s�s�u�e� �g�a�i�n� �=� �E�B�F�A�T� �+� �E�B�P�R�O� �e�n�e�r�g�y� �o�r� �t�i�s�s�u�e� 
�g�a�i�n�.� 
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�T�h�e� �E�B�F�A�T� �t�o� �E�B�P�R�O� �r�a�t�i�o� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �.�4�3� �t�o� �.�6�1� 

�(�T�a�b�l�e� �2�4�)�.� �T�h�i�s� �r�e�p�r�e�s�e�n�t�s� �a� �3�3�%� �i�n�c�r�e�a�s�e� �i�n� �f�a�t� �o�r� �7�.�3� �v�s� 

�1�0�.�9� �a�s� �c�o�m�p�a�r�e�d� �t�o� �a� �3�.�9�%� �i�n�c�r�e�a�s�e� �i�n� �p�r�o�t�e�i�n� �d�e�p�o�s�i�t�i�o�n� 

�(�1�7�.�1� �v�s� �1�7�.�8�)� �d�u�r�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� �T�h�e�s�e� �c�h�a�n�g�e�s� 

�i�n�f�l�u�e�n�c�e�d� �b�y� �a�g�e� �a�r�e� �i�l�l�u�s�t�r�a�t�e�d� �o�n� �a� �m�a�s�s� �b�a�s�i�s� �(�T�a�b�l�e� 

�2�5�)�.� �A�t� �t�h�e� �y�o�u�n�g�e�r� �a�g�e�s� �(�9�.�9� �m�o�)�,� �t�h�e� �h�e�i�f�e�r�s� �c�o�n�t�a�i�n�e�d� 

�2�6�7�.�9� �M�c�a�l� �b�a�s�e�d� �o�n� �E�E�B�W�;� �1�1�2�.�8� �M�c�a�l� �w�e�r�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �f�a�t� 

�a�n�d� �1�5�5�.�1� �M�c�a�l� �t�o� �p�r�o�t�e�i�n� �a�c�c�u�m�u�l�a�t�i�o�n�.� �B�y� �t�h�e� �e�n�d� �o�f� �t�h�e� 

�1�5�5� �d�a�d� �p�e�r�i�o�d�,� �h�e�i�f�e�r�s� �d�e�p�o�s�i�t�e�d� �1�9�.�0� �k�g� �a�n�d� �2�2�.�5� �k�g� �p�r�o�t�e�i�n�;� 

�r�a�t�e�s� �w�e�r�e� �1�2�2�.�6� �a�n�d� �1�4�5�.�2� �g�/�d� �f�o�r� �f�a�t� �a�n�d� �p�r�o�t�e�i�n�.� 

�O�n� �a� �m�a�s�s� �b�a�s�i�s� �f�o�r� �a�l�l� �h�e�i�f�e�r�s�,� �i�n�i�t�i�a�l� �e�n�e�r�g�y� �c�o�n�t�e�n�t� 

�w�a�S� �2�6�7�.�9� �M�c�a�l� �a�s� �p�r�e�v�i�o�u�s�l�y� �s�t�a�t�e�d�.� �A�t� �t�h�e� �e�n�d� �o�f� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t� �e�n�e�r�g�y� �c�o�n�t�e�n�t� �w�a�s� �5�7�0�.�2� �M�c�a�l� �o�f� �w�h�i�c�h� �2�9�1�.�4� �M�c�a�l� 

�w�a�s� �f�a�t�,� �a�n�d� �2�7�8�.�8� �M�c�a�l� �w�a�s� �p�r�o�t�e�i�n�.� �A�t� �t�h�a�t� �d�a�t�e�,� �t�h�e� 

�h�e�i�f�e�r�s� �w�e�r�e� �1�3�.�0� �m�o� �o�l�d�,� �w�h�e�n� �e�n�e�r�g�y� �d�e�p�o�s�i�t�i�o�n� �a�s� �f�a�t� 

�b�e�c�o�m�e�s� �h�i�g�h�e�r� �t�h�a�n� �p�r�o�t�e�i�n�.� �T�h�e� �A�R�C� �(�2�)�,� �p�r�e�d�i�c�t�s� �p�r�o�t�e�i�n� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �e�m�p�t�y� �b�o�d�y� �o�f� �1�8�1� �g�/�k�g� �a�t� �5�0� �k�g� �E�B�W� �t�o� �1�4�0� 

�g�/�k�g� �a�t� �5�0�0� �K�g� �E�B�W� �f�o�r� �m�e�d�i�u�m� �s�i�z�e� �s�t�e�e�r�s� �g�r�o�w�i�n�g� �a�t� �a�b�o�u�t� 

�6�0�0� �g�/�d�.� �F�o�r� �b�u�l�l�s� �t�h�i�s� �f�a�c�t�o�r� �i�s� �i�n�c�r�e�a�s�e�d� �b�y� �1�0�%� �a�n�d� �f�o�r� 

�h�e�i�f�e�r�s� �i�t� �i�s� �d�e�c�r�e�a�s�e�d� �b�y� �1�0�%�.� �T�h�e� �g�e�n�e�t�i�c� �p�o�t�e�n�t�i�a�l�,� 

�f�r�a�m�e� �s�i�z�e� �a�n�d� �r�a�t�e�s� �o�f� �g�a�i�n�s� �o�f� �o�u�r� �h�e�i�f�e�r�s� �m�a�y� �e�x�p�l�a�i�n� �t�h�e� 

�h�i�g�h�e�s�t� �d�a�i�l�y� �r�a�t�e� �o�f� �p�r�o�t�e�i�n� �a�c�c�r�e�t�i�o�n�.� 

�T�h�e� �e�s�t�i�m�a�t�e�d� �g�r�o�s�s� �e�n�e�r�g�y� �f�o�r� �h�e�i�f�e�r�s� �o�n� �t�h�e� �f�o�u�r� 

�t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �(�M�c�a�l�/�k�g�;� �D�L� �1�.�8�3�,� �P�A� �1�.�8�0�,� �P�L� �1�.�8�2� �a�n�d� �P�G� 

�1�1�8


