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Two trials were conducted, the first of which was a 

56 d trial with 24 Holstein cows in mid lactation. 

Treatments were 100% water (Tl) or 100% liquid acid whey 

(T2). 

Cows on T2 had decreased DM intake and 3.5% FCM, and 

increased milk fat and protein. Milk fatty acids shifted 

towards higher medium chained fatty acids for cows on T2 and 

higher CI8 and C18:l for cows on Tl. Molar % of rumen VPA's 

for cows on T2 decreased for C2, C3, and branched chain fatty 

acids and increased for C4, C5, and C6. There was no 

correlation between storage time of whey and whey intake. 

In the second trial, treatments were arranged in a 

repeated 3x3 latin square design. Six lactating cows were 

fitted with duodenal cannulae (2 fitted with ruminal 

cannulae). Treatments were 100% water (Tl), 50% water and 

50% whey (T2) and 100% whey (T3). The digesta marker was 

Cr203. Periods were 12 d with sampling on the last 4 d. 

Compared to Tl, rumen C2 decreased on T2 and T3 and rumen C5 

increased on T3 while milk fatty acids shifted towards higher 

C12 and CI4 and lower CI8. 
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INTRODUCTION 

Whey is a highly nutritious by product of the cheese 

industry, the value of which is often overlooked due to 

handling and market acceptance problems. Two types of liquid 

whey are produced by the cheese industry; acid whey, average 

pH 4.6, and sweet whey, average pH 5.8. Acid whey is a by 

product of cottage cheese while sweet whey is a by product of 

hard cheese. Acid whey is higher in lactic acid and ash than 

sweet whey, but composition is almost identical for other 

components. Acid whey averages 6.2% DM and, as shown in 

Table 1, nutrient content (of DM) averages 11.7% crude 

protein, 0.48% ether extract, 63.2% lactose, and 10.6% ash 

(Glass and Hedrick, 1977). 

Whey can be utilized in a variety of ways, either as 

the liquid or dehydrated form. Dehydration is expensive so 

when feasible direct liquid use is preferred. Acidity of 

the liquid acid whey makes it more difficult to dispose of 

than the sweet whey due to drying difficulties and decreased 

palatability (Cerbulis et al., 1972). 

In the United States, annual production of liquid whey 

exceeded 17 million tons (m) with only about half utilized 

for human or animal consumption (Rooke et al., 1983); this 

production is up from the 4.5 million tons (m) in the late 

1940's (Webb and Whittier, 1948). Moreover, almost two 
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Table 1. Composition of dry whey" 

Item 

Sweet-
drv whev 

Acid-
drv whev 

Item 
Mean Range Mean Range 

lactose (%) 69.4 56.9 - 74.6 63.2 58.8 - 71.7 
crude protein (%) 13.0 11.1 - 16.6 11.7 8.0 - 12.6 
ash (%) 8.3 7.1 - 10.7 10.6 7.3 - 12.2 
fat (%) 1.0 0.4 - 1.5 0.5 0.3 - 0.7 
pH 5.8 5.2 - 6.4 4.6 4.4 - 4.8 
nonprotein 
nitrogen (%) 0.5 0.2 - 0.7 0.6 0.5 - 0.7 

1 Glass and Hedrick, 1977, represents 117 samples of sweet 
whey and 33 samples of acid whey. 
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million tons of acid whey wasted annually (Schingoethe et 

al., 1983). 

A major advantage of feeding acid whey in a liquid 

form to livestock is the avoidance of environmental 

pollution, which is an ever increasing cost in cheese 

manufacturing. Also, recycling of whey to dairy animals as 

liquid would provide inexpensive nutrients for the animal and 

reduce waste disposal problems currently plaguing the cheese 

industry. At this time the cheese industry is willing to 

give free of charge much of the liquid whey they produce. 

This could be a profit opportunity for dairymen if used 

correctly. 

While new methods are continually being sought to 

improve whey processing and disposal, published literature 

regarding ruminant utilization of liquid acid whey is scarce. 

More research is needed to determine the most economical and 

efficient way to utilize this material to maximize milk 

production in dairy cows. This, research would be 

particularly valuable with high producing dairy cows, where 

nutrient intakes are continually increasing in support of 

increased milk production. 

The objectives of this thesis were: 

1) To determine the feeding value of liquid acid whey 

(from cottage cheese) for dairy cows when substituted for the 

total water supply; 
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2) to observe pH effects on palatabillty of liquid 

acid whey; 

3) to determine the effects of the liquid acid whey on 

rumen metabolism and digestibility. 
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LITERATURE REVIEW 

General Overview of Liquid and Dried Whev 

Although the process of drying whey is expensive and 

time consuming, it currently is the principal method 

available for handling whey. The cost of processing whey is 

such that consumer demand must be high to cover the expense. 

The United States converts 30% of the total whey produced to 

the powdered form, whereas England converts only 1% 

(Kosikowski 1979). 

Dried acid whey, about 66% lactose, is a highly 

fermentable product and a good source of soluble 

carbohydrates for rumen microbes. It contains about 95.4% 

dry matter, 12.3% crude protein, and .5% ether extract 

(Schingoethe, 1981). Both dried sweet whey and dried acid 

whey are used in a variety of foods and drinks. Examples are 

frozen desserts, bread, fruit drinks, soups and processed 

cheese products. Whey or whey products have been 

incorporated into ruminant rations, especially low roughage 

dairy rations to prevent milk fat depression (Huber et al., 

1969 and Schingoethe, 1976). Huber et al., 1969, observed a 

significant increase in percent milk fat in dairy cows when 

partially delactosed whey and minerals were fed. Schingoethe 

and Skyberg, 1981, also showed increased percent milk fat 

when they fed dried whole whey. However, Schingoethe and 
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Skyberg credited their results to a decrease in milk 

production. 

The most common types of dried whey available are 

dried whole whey, partially delactosed whey, and partially 

demineralized whey. Partially delactosed whey is dried whey 

with part of the lactose removed, resulting in higher protein 

and mineral concentrations. More studies have been conducted 

feeding cattle dried whey than liquid whey. The cost of 

transporting liquid whey is such that only farmers in areas 

surrounding cheese plants can afford hauling costs. Liquid 

sweet whey has been fed successfully to cattle with few 

problems. Major feeding and disposal problems caused by 

liquid acid whey, a by product of the cottage cheese 

industry, are due mainly to decreased palatability caused by 

the low pH. It has been estimated that one lactating cow is 

able to consume the whey produced from three average cows 

(Anderson et al., 1974), thus presenting the cheese industry 

with an important recycling challenge. 

Intake Levels of Liquid Whev in Cattle 

Varying results have been observed with regard to 

intake of liquid acid whey in dairy cows. Pinchasov et al., 

1982, showed no decrease in liquid acid whey intake for dairy 

cows after a storage period of one to two days which resulted 

in a drop in pH from 4.3 to 3.8. They offered fresh whey ad 

libitum daily except Saturdays and water and feed ad libitum. 
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Anderson et al., 1974 noticed a decrease in palatability 

after liquid sweet whey stored for 36 hours. Whey was 

offered fresh daily except Sundays and holidays. The water 

was shut off 8 to 12 h each day during which time whey 

consumption averaged 25 liters per cow per day. Modler et 

al., 1980, contended that whey's nutritional value decreased 

at warm temperatures with a concomitant decrease in 

palatability. It was not stated, however, if there was 

relationship between the decreased nutritional value and 

palatability of the whey or if such problems occurred in both 

sweet and acid whey. Whether acid whey loses its 

palatability over time similar to sweet whey is still in 

question. 

Welch and Nilson (Abst.), 1973, fed sweet whey to 

dairy cattle and steers. They observed that when whey was 

offered with water, consumption of whey by lactating dairy 

cows averaged 64.2 kg/day. Jersey cows fed whey in place of 

water had intakes of 44 kg/day. Moreover, there were no 

flavor defects observed in the milk due to feeding whey. 

Steers that were on pasture consumed 48 kg/day of whey. 

Anderson et al., 1974, fed dairy cows and growing 

heifers sweet whey. Heifers fed whey plus 2.3 kg of grain 

had higher body weight gains than heifers fed whey plus hay, 

or only 2.3 kg of grain plus hay. Dairy cows offered whey 

and water free choice consumed an average of 64.0 liters of 

whey plus 35.3 liters of water per day. 
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Lynch et al., 1975, fed liquid acid whey to young 

steer calves which averaged 96.5 kg bodyweight. Using three 

groups of animals, group 1 was offered water and feed ad 

libitum; group 2 received whey and feed ad libitum; in group 

3, whey was fed ad libitum and grain was restricted. Whey 

intake during the final 14 weeks of the trial was higher for 

group 3, (55.6 kg/d), than 2, (24.5 kg/d). Final body 

weights were not different between groups 1 and 2 but were 

lower for group 3. During the last 14 weeks of the trial, 

group 2 received 20% of their DM as whey while group 3 

received 57.2%. 

Pinchasov et al., 1982, observed that total DM intake 

for dairy cows consuming liquid acid whey was not different 

from controls for the first 70 d of lactation, but from day 

70 to 147 d cows fed acid whey consumed significantly more 

DM. When whey and water were offered ad libitum, whey 

averaged 11 to 12% of the total DM intake and whey intake 

increased with feed intake. 

Whey Effect on Milk Production and Milk Composition 

In 1967, Boman and Huber replaced corn in early 

postpartum dairy cows with lactose and observed an increase 

in percent milk fat (P<.13) with cows consuming 3.5 kg 

lactose per day. Rosser et al., 1971, compared partially 

delactosed whey, hydrolyzed whey, and delactosed whey (high 

in mineral and protein) on high concentrate diets and 
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observed that milk fat was best maintained by feeding 

partially delactosed whey, followed by the delactosed whey 

(P<.01). In a roughage-restricted experiment (Huber et al., 

1969), an increase (P<.05) in percent milk fat was observed 

in cows fed partially delactosed whey (14%) and minerals 

(2.5% sodium bicarbonate and 1% magnesium oxide). Percent 

milk fat also was increased (P<.05) compared to the control 

diet when the partially delactosed whey and minerals were fed 

separately. Schingoethe and Rook, 1976, fed dried partially 

delactosed whey to 5 lactating cows and observed no 

differences in milk yield or milk constituents compared to 

controls. However, when Schingoethe and Skyberg, 1981, fed 

dried whole whey, milk production tended to be less than for 

control diets, but percent milk fat was higher, 3.77 vs. 

3.46% (P<.01). They observed no change in other milk 

constituents. 

Anderson et al., 1974 fed liquid sweet whey to cows 
\ 

and observed no effect on milk production or composition when 

cows were offered whey only, water only, or a mix of whey 

plus water. Welch and Nilson, 1973, also showed no decrease 

in milk production when dairy cows were fed sweet whey in 

place of water. Moreover, in one trial they observed an 

increase in milk production when both liquid sweet whey and 

water were offered free choice. 

Pinchasov et al., 1982, conducted a trial where liquid 

acid whey was offered with water to high producing dairy 
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cows. Whey intake increased from 35 to 55 liters/cow/day 

from start to finish of the trial. Compared to the controls, 

milk yield was decreased in whey-fed cows for most of the 

trial, but percent milk fat was significantly higher, 

resulting in higher production of 3.5% FCM. An increase was 

also observed in percent milk solids. 

Digestibility 

Whey digestibility has been studied in three types of 

domestic ruminants; dairy cows, steers, and sheep. Anderson, 

1975, offered sheep whey or whey and water free choice. Dry 

matter digestibility of whey for sheep offered only whey was 

89.6%, and that of whey for sheep offered both whey and water 

was 81.6%. Digestibilities of the whey protein were 73.0% 

and 81.6% respectively. Overall, DM protein digestibilities 

of whey diets were not significantly different from the 

control diet. Rogers et al., 1977, observed that when liquid 

acid whey from Mozzarella cheese was fed at 45.4 kg per day, 

DM digestibility of whey in steers and dry cows averaged 

82.6%. Moreover, protein digestibility of whey averaged 68.8% 

and organic matter 84.2%. The whey was stored a maximum of 

56 hours. Dry matter, CP, and organic matter digestibilities 

were all slightly higher for animals fed liquid acid whey 

compared to the control diet. Acid detergent fiber 

digestibility for the whey group was slightly lower than 

controls for both steers and dry cows. Schingoethe, et al., 
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1980, reported dried whole whey protein and energy 

digestibilities of 65% and 91% in Holstein steers. 

Schingoethe and Rook, 1976, observed that a diet 

containing 5% dried whey in concentrate had a lower (P<.05) 

DM digestibility than a control diet, 64.2% vs. 69.6%. They 

also observed no differences between the digestibility of the 

energy, nitrogen, ether extract, crude fiber, and ash between 

diets. However, the whey-fed group did show higher DM 

intakes than controls. 

Volatile Fatty Acids 

When Boman and Huber, 1967, fed lactose in place of 

corn they noted a significant decrease in rumen acetate 

(P<.05) and an increase (P<.01) in rumen butyrate. No 

changes in propionate were observed. Also, 1967 Huber, et 

al., showed that partially delactosed and dried whole whey 

increased (Pc.05) rumen butyrate in dairy cows when both were 

fed at either 30% or 60% of a restricted-roughage diet. The 

addition of the partially delactosed whey decreased the rumen 

propionate (P<.01) and increased rumen acetate propionate 

ratio (P<.01) . Rumen valerate was increased (P<.05) when 60% 

dried whole whey was fed. 

In a trial using a dried whey-fat blend, (acid whey 

soybean oil), Schingoethe et al., 1983 reported decreased 

(P<.01) concentrations of ruminal acetate on the whey 

compared to the control diet (51.2% vs. 54.4%). They also 
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observed increased (P<.01) butyrate and valerate on whey 

(20.4% vs. 15.8% for butyrate and 3.0% vs. 2.6% for 

valerate). 

Schingoethe and Skyberg, 1981, fed dried whole whey to 

lactating cows and Holstein steers. In lactating cows they 

observed a decrease in acetate (moles/100 moles total VFA), 

48.2 vs. 54.4, propionate, 19.7 vs. 23.2, and isobutyrate, 

0.7 vs. 0.9, (P<.01) on the whey diet compared to the 

control. Butyrate and valerate increased (P<.01) on whey 

(25.8 vs. 17.2 and 3.3 vs. 1.8). Rumen VFAs also shifted in 

the steers with decreased (P<.01) propionate and isovalerate 

(P<.01), and increased (P<.01) butyrate. Windschitl and 

Schingoethe, 1984, fed a ration of 85% dried whole whey to 

two dairy cows and observed that butyrate increased (Pc.Ol) 

and propionate decreased (Pc.Ol) compared to controls. 

Stock et al., 1986, fed lambs dried delactosed whey 

with differing protein sources and observed increased (P<.05) 

isobutyrate and isovalerate on the whey-urea versus the 

control urea diet. In the soybean meal-whey diet, valerate 

was increased (P<.05) over the control soybean meal diet. 

With two groups of sheep, Anderson, 1975, offered 

water ad libitum and 1.2 kg of chopped alfalfa hay per day. 

One group was given approximately 6 kg of liquid sweet whey 

every morning and the other was not. Rumen samples were 

taken 3 and 6 hr after feeding. Results showed decreased 

(Pc.Ol) molar percents of acetic and valeric acids on whey 
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(62.1 vs. 77.5% and 0.5 vs. 1.1%), while molar percent of 

butyric acid was increased (P<.01) from 7.9 for control to 

23.9 for whey. No changes were observed in propionic acid or 

the acetate:propionate ratio. 

Pinchasov et al., 1982, fed liquid acid whey to 

lactating cows and observed significant differences in Rumen 

VFAs depending upon the hour when samples were taken. 

Compared to controls, acetate (molar percent) was lower in 

whey-fed animals at noon (Pc.05), Propionate was lower on 

whey in the morning and at noon (P<.05), and valerate was 

lower on whey at all sampling times (morning, noon, and 

night) (P<.01). Butyrate was higher in samples taken in the 

morning and noon for whey-fed cows (P<.01). There was no 

difference in the acetate to propionate ratios. 

Overall, molar percent of acetate and propionate 

decreased and butyrate increased by addition of either dried 

or liquid whey to ruminant diets. Valerate and isovalerate 

were not consistently changed by additions of whey. 

Summary of Literature Review 

It can be concluded from the studies reviewed that: 1) 

Fresh sweet whey will be readily consumed, but less data is 

available on acid whey; 2) Whey digestibility is relatively 

high, over 80% for dry matter digestibility in dry cows; and 

3) Rumen acetate is decreased while rumen butyrate is 

increased. 
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There are many methods in which whey can be fed to 

livestock. Each method needs to be researched extensively so 

that the most effective methods of recycling whey can be 

achieved. Feeding liquid acid whey to lactating dairy cows 

is one possible method. The high digestibility, low cost, 

and high nutritive value of the whey gives this method the 

potential of being efficient and practical. Due to the lack 

of literature presently available, more research is required 

on methods of feeding acid whey before it can be generally 

recommended. 



CHAPTER 3 

22 

REPLACEMENT OF DRINKING WATER WITH LIQUID ACID WHEY FOR 
LACTATING DAIRY COWS 

Summary 

A production trial, conducted at the University of 

Arizona Dairy Research Center, evaluated the effect of 

replacing the drinking water for lactating dairy cows with 

liquid acid whey. Treatment groups were fed the same total 

mixed diet (61:39 concentrate : forage) with main ingredients 

as rolled corn, alfalfa hay, and whole cottonseed. Twenty-

four Holstein cows in mid lactation were allotted to two 

treatment groups according to milk production during to a 7 

d pretreatment period. The pre-trial period included a 7 d 

adjustment to the liquid whey. Treatments were: 100% water 

(Tl) or 100% liquid acid whey (T2) for 56 d duration offered 

ad libitum as the only liquid to cows. Calan gates (American 

Calan, Inc., Northwood, NH) allowed for daily measurement of 

feed intakes for individual cows while liquid intake was 

determined by pen, which included a complete treatment group. 

Whey pH and temperature were determined daily. 

Liquid consumption did not differ between treatments 

(134.0 1/d for Tl and 122.8 1/d for T2); but significant 

differences were shown for total DM intake, (including whey 

DM), (24.4 kg/d vs. 20.0), ADG (0.5 kg/d vs. 1.2), 3.5% FCM 

(27.9 vs. 21.6 kg/d), percent milk fat (3.07% vs. 3.47%) and 
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percent milk protein (2.79% vs. 2.95%). Fatty acids in milk 

shifted towards higher medium chained (caproic, caprylic, 

capric, lauric, myristic, and palmitic) for cows on whey, 

while cows on water were higher in stearic and oleic. Molar 

% of rumen VFAs for cows on whey decreased for acetate, 

propionate, 3-methyl butyrate, iso-butyrate, and iso-

valerate, but increased for butyrate, valerate, and caproic. 

Introduct ion 

Over 17 million tons (m) of liquid whey are produced 

annually in the U.S. (Rooke, et al. 1983), with only about 

half of this utilized for human or animal consumption. 

Currently, cheese producers pay for disposal of excess whey, 

giving rise to increased disposal problems. Though little is 

published on utilization of liquid acid whey by dairy cows, 

dry whey has been fed for many years to swine and veal. 

When liquid whey and water were offered free choice 

to dairy cows, Pinchasov et al., 1982, observed no difference 

in total DM intakes for the first 70 days of lactation 

compared to only water; but from day 70 to 147, cows offered 

whey significantly increased intakes. Whey contributed about 

11.5% of total DM intake. Inclusion of lactose or partially 

delactosed whey in a roughage-restricted diets increased 

percent milk fat (Boman and Huber, 1967; Huber et al., 1969). 

Objectives of this study were to determine the feeding 

value of liquid acid whey from cottage cheese production, 
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when substituted for the total water supply of dairy cows, 

and to relate pH changes to palatability of the whey. 

Materials and Methods 

Twenty-four Holstein cows in mid lactation were paired 

according to milk production during a 7 day pre-treatment 

period and randomly assigned to one of two treatments. 

Treatments consisted of offering water or liquid acid whey ad 

libitum as 100% of the liquid in diets. The trial lasted 56 

days. Water and whey consumption were measured daily for the 

treatment groups assigned to different pens. Fresh whey was 

delivered weekly and stored in a large holding tank at 

ambient (May - July, 1987) temperatures, and agitated for 

five minutes every fifteen minutes. 

Cows on both treatments were fed the same diet 

throughout the trial. Feed allocation and refusals were 

recorded daily for individual cows. Dry feed was offered 

twice daily ad libitum (between 0400 h and 0500 h for the 

first feeding and between 1100 h and 1400 h for the second 

feeding) as a total mixed ration and feed refusal was weighed 

each day before the second feeding. The forage to 

concentrate ratio was 61:39 (Table 2). Feed was sampled 

daily and composited at the end of the trial. Composite 

feed samples were ground through a 1 mm screen in a Wiley 

mill and dried in a vacuum oven at 100 C prior to 

determination of DM content. Acid detergent fiber (ADF) and 



Table 2. Ingredient and Nutrient Composition 
of Drv Feed and Whev ; 

Drv Feed Whev 
Ingredient % DM 
Alfalfa Hay 25.0 
Alfalfa Cubes 10.0 
Cottonseed Hulls 4.0 
Whole Cottonseed 15.0 
Commercial Concentrate1 46.6 

Chemical Analysis 
DM 93.4 6.6 
Crude Protein 15.8 12.2 
Ash 6.6 11.2 
Ether Extract 6.6 0.9 
ADF 32.3 
NDF 51.9 
Gross Energy (Mcal/Kg DM) 4.6 3.5 
NEl (Mcal/xg) 1.6 1.7 

* Ingredients, %: rolled corn, 76.6; molasses, 
3; pellets, 20.4, (includes: wheat mill run, 
41.8; CSM, 16.9; wheat fluor, 10; biofos, 
(16% Ca, 21% P) 7.9; urea, 6.6; meat bone 
meal, 6.5; molassed, 3; salt, 2.9; dyna-K, 
(5% K) 2.5; calcium carbonate, .2); trace 
minerals, (mg/kg) Mn, 50; Zn, 92; Fe, 117; 
Cu, 9; I, 1.8; Co, 2.8; Se, .2; Vitamin A 
(IU/kg), 10036; Vitamin D-3 (IU/kg) 6175; 
Vitamin E (IU/kg) 10. 
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neutral detergent fiber (NDF) were determined by the method 

of Goering and Van Soest (1970) and CP by Kjeldahl using a 

Technicon Autoanalyzer. Ether Extract (EE) was analyzed 

according to A.O.A.C. (1980). Nutrient analyses are shown in 

Table 2. 

Cows were milked and milk production was recorded 

twice daily at 0500 and 1700 h. Samples from two consecutive 

milkings were composited once weekly and analyzed by Arizona 

DHIA Laboratory (Phoenix, AZ) for butterfat, protein, 

lactose, and solids non-fat by infrared analysis. Individual 

fatty acids in milk were determined by gas chromatography 

(Christopherson and Glass, 1969) from eight consecutive 

milkings taken on days 52 through 56. Milk yields were 

standardized to 3.5% fat-corrected milk (FCM) using the 

following equation: (FCM = .43237 x milk weight + 16.218 x 

fat weight). 

Body weights were determined weekly throughout the 

trial and rumen samples were taken by stomach tube 4 hours 

after morning feeding on day 56 of the trial. Rumen VFAs 

were measured by gas chromatography (Erwin, et al., 1961). 

Data was analyzed by analysis of variance for a 

randomized block design using pre-treatment milk as the 

blocking factor (Cochran and Cox, 1950). 
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Results and Discussion 

Nutrient composition of the dry ration (Table 2) 

furnished sufficient protein, energy, vitamins, and minerals 

to meet the cows needs according to NRC (National Research 

Council, 1978), the high content of EE was due to a 

relatively high percent of whole cottonseed. 

Consumption of the dry diet (Table 3) was 

significantly lower (P<.05) for cows fed whey than controls 

(11.5 vs. 24.4 kg DM/d). Even when whey DM was included, 

total DM consumption was lower (P<.01) for whey cows (20.0 

vs. 24.4 kg/d). In the treated group, whey contributed 8.5 

kg DM per day or 43% of the total. It appears that the 

decrease in DM intake was not related to a change in whey 

composition due to storage, there was no correlation between 

whey intake and whey pH (Figure 1). At arrival the pH of 

fresh whey averaged 3.90, after 24 hours the pH averaged 

3.70, and by day 7 of storage, it decreased to 3.42. Cows 

fed whey gained 1.2 kg/d which was higher (P<.01) than the 

control group of 0.5 kg/d (Table 3). This could have been 

partially due to decreased milk production of cows on whey, 

allowing more nutrients to be diverted to tissue gain. 

Effects of whey on milk production and composition are 

in Table 4. Actual milk production for cows fed whey was 

21.7 kg/d, while that of the control group was 29.8 kg/d 

(P<.01). FCM (3.5%) was also decreased (P<.01) for the whey 

group compared to controls (21.60 vs. 27.90 g/d 



Table 3. Effect of Acid Whey on Consumption and 
Bodvweiaht Gain 

Treatment 
Item Water Whev 
Liquid (L/d) 134.0 122.8 
Ration DM* (Kg/d) 24.4 11.5 
Whey DM (Kg/d) 8.5 
Total DM Intake* (Kg/d) 24.4 20.0 
ADG* (Kg/d) 0.5 1.2 

* Control Different From Treatment (P<.01) 
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Table 4. Effect of Acid Whey on Milk Production and 
Milk Composition 

Treatment 
Item Water Whev 
Milk* (Kg/d) 29.80 21.70 
FCM* (Kg/d) 27.90 21.60 
Milk Fat* (%) 3.07 3.47 
Milk Protein* (%) 2.79 2.95 
Milk SNF (%) 8.68 8.71 

• Control Different From Treatment (Pc.Ol) 
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respectively). Decreased milk production was due mainly to 

lower intake of the whey cows. 

Percent milk fat (3.47 vs. 3.07%) and percent milk 

protein (2.95 vs. 2.79%) were higher (P<.01) for the cows fed 

whey. The increase in percent milk fat was partially due to 

the depressed milk production, but a specific effect of whey 

may have been operative because of the higher rumen butyrate 

observed. Intraruminal infusion of butyrate has been 

reported to increase milk fat (Rook and Balch, 1961). The 

increase observed in percent milk protein may have been a 

direct result of decreased milk yield. However, it reduced 

energy intake resulted in decreased milk protein percent 

despite lowered milk production (Hotchkiss et al., 1960) 

A dramatic shift in molar proportion of rumen VFAs was 

noted for cows fed whey (Table 5) with decreases (Pc.01) in 

acetate (43.8 vs. 66.2%) and propionate (Pc.01) (15.7 vs. 

20.0%). As expected, the lactose in the whey diet caused 

rumen butyrate to increase (P<.01) (29.6 vs. 9.9%) (Boman and 

Huber, 1967). Branched chain VFAs all decreased (Pc.01) in 

the whey group, while valerate increased (Pc.01) from 1.2% to 

6.8% and caproate increased (P<.01) from 0.4% to 3.0%. 

Whey feeding also induced large shifts in the milk 

fatty acids (Table 6). Increases (P<.01) were observed in 

whey fed cows for C6, C8, C10, C12, and C14, while C18 and 

C18:l were decreased (P<.01). Little change was noted for 

C16, C16:l and C18:2. Cows mobilizing body fat will increase 



Table 5. Effect of Acid Whey on Rumen VFAs 

Treatment 
Item Water Whev 

% Molar 
Acetic* 66.2 43.8 
Propionic" 20.0 15.7 
Butyric* 9.9 29.6 
Iso-Butyric* 1.0 0.5 
3-Methyl Butyric* 0.6 0.5 
Valeric* 1.2 6.8 
Iso-Valeric* 0.7 0.1 
Caproic* 0.4 3.0 

* Control Different From Treatment (P<.01) 



Table 6. Effect of Acid Whev on Mean Milk Fattv Acids 
Treatment 

Item Water Whev 
% Molar 

C6* 7.5 9.9 
C8* 2.6 4.5 
CIO* 5.0 9.2 
C12* 4.8 8.8 
C14* 13.6 15.7 
C16 29.4 31.2 
C16:1 1.5 1.5 

Total < C18 64.4 80.8 

C18" 11.2 5.5 
018:1* 21.5 11.0 
C18:2 2.9 2.7 

Total > C18 35.6 19.2 

• Control Different From Treatment (P<.01) 
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in long chain fatty acids in milk, while an animal depositing 

fat (as seen in late lactation cows) will produce milk with 

more medium and small chain fatty acids. The increase in 

milk medium chain fatty acids, observed in this trial may 

have been the result of both decreased milk production and 

increased body gain. Because of the differences in milk 

fatty acids between diets was much greater than observed in 

a normal lactation cycle, we propose a specific effect due to 

whey related to the large increase in rumen medium chain 

VFAs. 

In conclusion, whey treatment decreased DM 

consumption, production of milk, and 3.5% FCM while 

increasing percent milk fat, protein and ADG. Feeding whey 

in place of water also increased medium chain fatty acid (C6-

C14) concentrations in milk, while decreasing C18 and C18:l. 

Rumen levels of C2, C3 and branched chain VFAs decreased with 

whey feeding while rumen C4, C5, and C6 increased. 
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NUTRIENT UTILIZATION OF LIQUID ACID WHEY IN 
LACTATING DAIRY COWS 

Summary 

A digestibility trial was conducted in January, 1987, 

to evaluate the effect liquid acid whey had on feed 

utilization and digestibility. 

Three treatments were arranged in a repeated 3x3 

latin square design. 6 lactating Holstein cows, all fitted 

with duodenal cannulae (2 fitted with ruminal cannulae), were 

randomly assigned to the following treatments; 100% water 

(control), 50% water and 50% whey, and 100% whey. Treatments 

lasted 12 days with sampling occurring on the last 4 days. 

The digesta marker was Cr203, which was administered twice 

daily in gelatin capsules (24 g/d) 7 days prior to and during 

sampling. Whey pH averaged 3.73 for the entire trial. 

Feed DM intake decreased linearly as whey increased in 

the diet (13.4 kg/d vs. 11.9 vs. 10.4). However, total DM 

intake (feed DM plus whey DM) was not different between 

treatments (13.4 kg/d vs. 13.8 vs. 14.3). No difference was 

observed in liquid consumption. 

Yield of milk and 3.5% FCM were similar between 

treatments (14.5 kg/d). Percent milk protein decreased 

linearly with increased whey, while percents milk fat and 

milk lactose were not affected. 
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Compared to controls, rumen acetate decreased in cows 

receiving whey diets, while propionate increased only on 50% 

whey and valerate increased only on 100% whey. Milk fatty 

acids shifted towards higher capric and lauric acid and lower 

stearic in cows fed whey. 

Total tract apparent digestibilities of nutrients were 

not influenced by whey addition, but rumen digestibility of 

ADF was lowest on 50 % whey. 

Introduction 

Though whey is a nutritious by product of the cheese 

industry it is produced in such large amounts that the 

industry is plagued with disposal problems. About two 

billion kg of acid whey are wasted annually in the U.S. 

(Schingoethe, et al., 1983.). Feeding liquid acid whey to 

dairy cows could be an efficient recycling method. It was 

estimated that one lactating dairy cow can consume the whey 

produced from three cows (Anderson et al., 1974). Pinchasov 

et al., 1982, fed liquid acid whey ad libitum to dairy cows 

and observed a decrease in milk production with an increase 

in percent milk fat. They also observed decrease in DM 

intake from day 70 to 147 of lactation. 

When Rogers, et al., (1977), fed liquid acid whey 

(from Mozzarella cheese) to steers and dry cows, DM 

digestibility of whey averaged 82.6%; CP digestibility, 

68.8%; and the OM digestibility, 84.2%. 
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The objectives of this study were to determine rumen 

and total tract digestibilities of liquid acid whey as water 

replacement for dairy cows and to examine effect on rumen 

metabolism and digestibility. 

Materials & Methods 

Six Lactation Holstein cows, fitted with T-type 

cannulae in the proximal duodenum (2 were fitted with ruminal 

cannulae), were randomly allotted to one of three treatments. 

Treatments were 100% water and 0% whey, 50% water and 50% 

whey, and 0% water and 100% whey. The experimental design 

was a repeated 3x3 Latin Square (R. G. D. Steel and J. H. 

Torrie, 1980). 

Water and/or whey were offered ad libitum and fed in 

80 liter plastic buckets. Buckets were refilled as needed 

throughout the day with refusal measured and recorded between 

0600 and 0700 daily. Fresh whey was delivered at least 2 

times per week and stored in a plastic holding tank at 

ambient temperatures (during February and March). Treatment 

periods lasted 12 days with sampling on the last 4 days. 

Cr203, the digesta marker, was administered twice daily in 

gelatin capsules (24 g/d) 7 days prior to and during 

sampling. Pens had concrete floors with individual 

stanchions and rubber floor mats. 

All cows were fed the same dry diet throughout the 

trial. Feed was offered twice daily (between 0430 h - 0500 
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and 1630 h - 1700 h) at 5% in excess of appetite and refusal 

were recorded daily (refusal measured at 0430 h) for 

individual cows. Feed was sampled once daily, composited at 

the end of the trial and consisted mainly of alfalfa hay and 

flaked milo (Table 7). Forage to concentrate ratio was 

66:33. Composited fieed samples were ground through a 1 mm 

screen in a Wiley mill and dried in a vacuum oven at 100°C to 

determine DM content. Samples of feed, feces and digesta 

were analyzed for DM, ADF, CP, EE, and organic matter (OM). 

Acid detergent fiber was determined by the method developed 

by Goering and Van Soest (1970), CP by Kjeldahl using a 

Technicon Autoanalyzer, and EE by A.O.A.C. (1980). Chromic 

oxide was analyzed by atomic absorption spectrometry using a 

multielement hallow cathode lamp at 357.9 nm with an 

air:acetylene flame after digestion with sulfuric acid and 

re-digestion with periodic acid. Nutrient analyses are in 

Table 7. 

Cows were milked twice daily with a surge portable 

milking machine at 0500 h and 1700 h and milk production was 

recorded twice daily. During the last 4 d of each period 

milk was sampled from the 8 consecutive milkings and analyzed 

by Arizona DHIA Laboratory (Phoenix, AZ) for butterfat, 

protein, lactose, and solids non-fat by infrared analysis. 

Individual fatty acids in milk were determined by gas 

chromatography (Christopherson and Glass, 1969) from 

composite samples taken from the 8 consecutive milkings. 
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Table 7. Ingredient and Nutrient Composition of 
Dry Feed and Whev1 

Drv Feed Whev 
% DM 

Ingredient 
Alfalfa Hay 22 
Cottonseed Hulls 11 
Flaked Milo 57 
Soybean Meal 5 
Molasses 3 
Mineral Mix2 1 

Chemical Analysis3 

DM 90.0 6.4 
Nitrogen 2.0 1.7 
ADF 17.6 
Ash 5.9 11.4 
Ether Extract 4.7 0.9 

1 Balanced to 14% CP 
2 Dical .3%; salt .3%; trace minerals .05%; 

vitamin A 7000 IU/kg 
3 Average of three trials 
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Milk yields were standardized to 3.5% fat-corrected milk 

(FCM) using the following equation: (FCM = .43237 x milk 

weight + 16.218 x fat weight). 

The day prior to the start of the sampling period (4d) 

each cow was inserted with an indwelling urinary catheter. 

During collection, 1% concentrated hydrochloric acid was 

added daily to containers to prevent ammonia loss. Total 

urine excretion was measured and recorded daily and samples 

(1%) were frozen at -10°C until analysis. Feces were totally 

collected during the sampling period and were weighed and sub 

sampled (1%) daily. Fecal samples were oven dried at 55°C 

and ground through a Wiley mill fitted with a 1 mm screen. 

Analyses were similar to those for feed. 

Duodenal digesta was sampled every 4 hours and each 

three consecutive samples were composited from all cows for 

96 h. Samples were stored at 40°C for up to 24 h before 

bacteria were isolated from a sub sample (half of digesta) by 

shaking in a Waring Blender at low speed for twenty sec., 

straining through four layers of cheesecloth, centrifuging at 

4000 x g to separate out feed particles and protozoa, and 

centrifuging a second time at 27,000 x g to precipitate 

bacteria. After rinsing twice with distilled water, bacteria 

were immediately oven dried at 55°C and ground into a fine 

powder with a hand mortar. Purines in the digesta were 

determined by the method of Zinn and Owens (1986). 
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The remaining digesta was oven dried at 55°C, ground 

through a Wiley mill (1 mm screen), and pre-weighed sub 

samples were pooled to form one sample for each sampling 

period for each cow. 

Rumen fluid was sampled in the two animals with rumen 

cannulae twice daily 3 h after each feeding. Rumen VFAs were 

measured by gas chromatography (Erwin, et al., 1961). 

All data except rumen VFAs were analyzed by analysis 

of variance of a 3 x 3 Latin Square. Rumen VFAs were 

analyzed by orthogonal contrasts using Statistical Analysis 

System (SAS). 

Results and Discussion 

Consumption of the dry diet was decreased linearly 

(P<.01) when whey was fed (13.4 Kg/d vs. 11.9 vs. 10.4) 

(Table 8). Total DM consumption (diet DM plus whey DM) did 

not change with treatment (13.4 Kg/d vs. 13.8 vs. 14.3). 

Moreover, liquid consumption was not different between diets. 

Milk production was not affected by whey (FCM 

production: 14.7 Kg/d vs. 14.5 vs. 14.3) (Table 9). Percent 

milk protein was increased linearly (P<.05) by acid whey 

addition (3.50% vs. 3.25 vs. 3.25) but percent milk fat, 

lactose, and SNF were not affected. 

Molar proportions of rumen VFAs were shifted slightly 

by whey (Table 10). Rumen acetate was decreased (P<.05) for 

cows on whey (60.2 % vs. 44.2 vs 45.2), while rumen 



Table 8. Effect of Acid Whev on Consumption 
% Whev 

Item 0 50 100 SEM 

Liquid 
Ration DM* 
Total DM Intake 
Whey DM 

62.8 
13.4 
13.4 

Kg/d-
57.4 
11.9 
13.8 
1.9 

61.4 
10.4 
14.3 
3.9 

4.59 
0.64 
0.72 

Linear P<.01 



Table 9. Effect of Acid Whey on Milk Production 
and Milk Composition 

Item 0 
% Whev 
50 100 SEM 

Milk (Kg/d) 15.8 16.9 16.5 0.62 
FCM (Kg/d) 14.7 14.5 14.3 0.89 
Milk Fat (%) 3.4 2.7 2.8 0.29 
Milk Protein* (%) 3.5 3.3 3.3 0.07 
Milk Lactose (%) 4.7 4.8 4.9 0.07 
Milk SNF (%) 9.0 9.0 9.0 0.07 

Linear P<.05 
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Table 10. Effect of Acid Whev on Rumen VFA's1 
% Whev 

Item 0 50 100 
-% Molar— 

C2 60.2* 44.2b 45.2b 
C3 21.4° 40.3d 30.6* 
C4 10.4 8.6 13.5 
C5 2.2* 5.8* 9.2b 
Branched Chained 
Fatty Acids 5.8 1.2 1.5 

1 Values are means of 6 observations 
* Means in the same row with different superscripts 

differ (P<.05) 
a Means in the same row with different superscripts 

differ (P<.07) 

V 



45 

propionate was increased (P<.07) for cows on 50% whey (21.4 

% vs. 40.3% vs. 30.6%), and rumen valerate was increased 

(P<.05) on 100% whey (2.2 % vs. 5.8 vs. 9.2). Rumen butyrate 

and the branched chained fatty acids were not influenced by 

treatment. Rumen butyrate was not increased as expected when 

lactose is added into the diet (Boman and Huber, 1967). 

Because the amount of whey consumed in this trial is about 

half that of the production trial its possible that the 

amount of lactose consumed was too low impact rumen butyrate. 

Why other VFAs were effected and not butyrate is unknown. 

Definite shifts in milk fatty acids were observed in 

the whey treated groups (Tables 11 and 12). Whey linearly 

increased capric (P<.05) (3.4 % vs. 4.8 vs. 5.4) and lauric 

acid (P<.01) (10.1 % vs. 13.3 vs. 14.5) while it decreased 

(P<.05) stearic acid. Cows mobilizing body fat will tend to 

show an increase in long chain fatty acids in the milk while 

cows depositing fat will tend to produce more medium chain 

fatty acids. Although body weight was not measured for these 

animals the shift in milk fat could be an indicator of body 

weight gain while the animals were on whey. 

Total tract digestibility was similar for all 

treatments (Table 13) . However, a significant quadratic 

effect (P<.05) was observed for the rumen apparent 

digestibility of ADF (Table 14). OM, CP, adjusted CP, and GE 

all showed a similar quadratic effect (P<.10) on the 50% 

diet, showing less rumen nutrient digestibility for the 



Table 11. Effect of Acid Whey on Milk Fatty Acids 
C6 - C16:1 

% Whev 
Item 0 50 100 SEM 

—% Molar-
C6 2.0 2.8 1.9 0.40 
C8 1.3 1.9 1.4 0.04 
CIO 3.0 4.6 4.2 0.54 
C12* 3.4 4.8 5.4 0.48 
C14b 10.1 13.3 14.5 0.85 
C16° 0.1 27.5 30.4 1.07 
C16:1 3.2 3.0 3.3 0.22 

* Linear (P<.05) 
b Linear (P<.01) 
c Quadratic (P<.10) 



Table 12. Effect of Acid Whey on Milk Fatty Acids 
C18 - C18:2 

Item 
% Whev 

0 50 100 SEM 
% Molar 

C18* 9.3 6.4 6.2 0.86 
C18:1 32.9 31.2 28.0 1.90 
C18:2 4.7 5.5 4.7 0.40 

* Linear (P<.05) 



Table 13. Total Tract Apparent Digestibility 
* Whev 
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Item 0 50 100 SEM 

Organic Matter 76.3 74.4 79.8 1.75 
Crude Protein* 68.8 65.5 71.8 2.04 
ADF 39.2 31.7 41.4 5.23 
Acid Insoluble Ash 59.5 62.6 64.6 3.13 
Ether Extract 74.3 67.4 72.1 2.67 
Gross Energy 73.4 71.3 76.5 1.91 

* Quadratic (Pc.10) 



Table 14. Rumen Apparent Digestibility and Adjusted 
Rumen Digestibility from Bacteria Crude Protein 

% Whev 
Item 0 50 100 SEM 

Organic Matter* 
Crude Protein* 
Adj. Crude Protein* 
ADFb 

Acid Insoluble Ash 
Gross Energy* 

53.2 
1.4 
72.5 
46.8 
-58.5 
46.8 

40.5 
-26.3 
60.7 
16.9 
-58.2 
34.5 

53.4 
10.1 
72.3 
39.5 

-28.2 
46.1 

4.77 
8.97 
4.34 
8.02 
11.70 
5.21 

* Quadratic (P<.10) 
b Quadratic (Pc.05) 
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animals on the 50% diet. It could be possible that more 

solid separation in the buckets occurred with the whey water 

mix so that animals were getting less DM than actually 

calculated. 

In conclusion, whey did not influence rumen and total 

tract digestibility, nor did it influence total DM intake and 

milk production. Whey did, however, shift rumen VFAs and 

milk fatty acid. 
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SUMMARY AND DISCUSSION 

The main objectives of this thesis were to: 1) 

determine the feeding value of liquid acid whey for dairy 

cows when substituted for the total water supply. 2) to 

observe pH effects on palatability of liquid acid whey. 3) 

to observe what effect whey has on rumen metabolism and 

digestibility. 

Liquid acid whey substituted for 100% of the water did 

not alter total tract or rumen digestibility of OM, CP, ADF, 

Ash, of GE for dairy cows. Feeding 50% whey and 50% water 

resulted in a decrease in total tract CP digestion and rumen 

digestion of CP, OM, ADF, and GE. The reason for the 

quadratic effect is unknown. Although total tract and rumen 

digestibilities were not altered by the addition of whey, a 

shift in rumen fermentation towards decreased acetate and 

propionate, and increased medium chain fatty acids, was 

observed in both trials. 

Both diet DM intake and total DM intake were depressed 

in the production trial. In the digestibility trial, where 

intake was not as high, only the diet intake was depressed. 

Liquid consumption was not affected by treatment in either 

trials. The production trial showed that there was no 

relationship between pH of whey and liquid consumption over 

the 7 day storage periods. This is contrary to previous 
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trials conducted with sweet whey (Anderson et al., 1974 and 

Modler et al., 1980) but confirms the observations of 

Pinchasov et al., 1982 with acid whey. 

The effect whey had on milk yield and composition was 

not consistent between the two trials. Milk production was 

depressed in the production trial but not in the 

digestibility trial where yield were very low. Percent milk 

protein increased in both trials, while percent milk fat was 

only increased in the production trial. This increase in the 

production trial could have been due to decreased milk 

production. Milk fatty acid composition changes were similar 

in the two trials, although a more dramatic shift was 

observed in the production trial. Medium chain fatty acids 

(C6 - C14) increased and long chain fatty acids (C18 and 

C18:l) decreased in animals consuming whey. 

In conclusion, the results of these experiments 

demonstrate the further need for more studies before a method 

of feeding liquid acid whey directly to dairy cows can be 

recommended. There are problems in the storage of whey and 

palatability of acid whey which need to be addressed. 
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