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ABSTRACT 

Three crop waste materials (corn stalks, oat straw and corn 

cobs) were rehydrated with either whey or water as a control prior to 

ensiling. Samples were collected over an eight week period and 

analyzed for pH, dry matter, protein, ether extract, fiber, lignin 

and organic acids. The following conclusions were drawn: 

Whey was found to be an effective rehydrating medium for ob

taining a desirable pH for preservation of all three ensiled crop 

waste materials. 

Chemical analysis indicated that whey rehydrated silages 

had higher levels of dry matter, ether extract and protein while hav

ing lower values of acid detergent fiber and lignin than did water 

rehydrated silages. 

A lower concentration of acid detergent fiber and lignin was 

found in both corn cob and corn stalk whey silage than in the oat 

straw whey silage. 

vii 



INTRODUCTION 

Whey, a highly nutritious by-product of the dairy industry, 

results from conventional cheese making (Schingoethe 1976). Whey 

constitutes about 85-90% of the volume of the fluid milk used for 

cheese making (Kosikowski 1979). Approximately 8 billion kg of cheese 

are produced annually worldwide, resulting in about nine times this 

amount of whey being produced (about 70 million tons). This figure is 

reported to be increasing yearly (Kosikowski 1978). The United States 

produces 17 million tons annually (Rooke et al. 1983). Whey is highly 

nutritious as it contains lactose, soluble proteins, minerals and water 

soluble vitamins, however only half of it is processed and utilized 

for human or animal consumption (Kosikowski 1979). 

Because of the huge quantity of whey produced there is an enor

mous potential for its use in the animal feeding industry. Investi

gators have tried many different ways to incorporate whey into animal 

feeds such as: liquid whey, condensed whey, whey protein concentrate, 

delactosed whey powder, fermented ammoniated condensed whey, deminer-

alized whey powder, liquid whey permeate and whey permeate blocks. 

The ultimate aim of the researchers is to find a way to get the whey 

incorporated into the animal feed market at a cost low enough to be 

economically feasible for the consumer. 

One of the major problems concerning the utilization of whey 

arises from the fact that whey is 94% water and the fact that many 

1 
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other feedstuffs likewise contain an excellent array of nutrients but 

in a more concentrated (Juengst 1979). The most direct solution to 

the whey problem seems to lie in utilizing more of the product in 

some form of desirable feed for ruminants (Kosikowski 1979). Rumi

nants seem to offer the best potential for using large quantities of 

liquid whey for the production of high quality meat and/or milk. 

A viable way to do this would be to use whey in rehydration of 

low quality roughages into silage to improve their utilization. It is 

well known that livestock producers do not feed large amounts of low 

quality crop residues to ruminants because of poor digestibility and 

inadequate nutrient content. Converting these low quality roughages 

into haylage or silage would be one way of improving palatability and 

nutritive value. 

Liquid whey may be expected to give a good response as a 

source of moisture and supplemental carbohydrate in preserving low 

energy roughages or crop wastes in the form of silage. Very little 

work has been done to evaluate low energy roughages/crop waste residues 

in this regard (Schingoethe 1976). Supplemental moisture and carbo

hydrate are required in order for proper fermentation to take place 

(Carpintero, Holding and McDonald 1969) especially under normal farm 

conditions where storage conditions (anaerobiosis) and low moisture of 

the material are not optimal (Dash et al. 1974c). 

The major objective of this study was to determine whether 

whey could be used as a rehydrating medium to enhance the quality and 

nutritive value of silage made from corn fodder, corn cobs or oat straw. 



REVIEW OF LITERATURE 

Whey Products as Animal Feedstuffs 

Whey is the watery portion or serum that separates from curds 

during conventional cheese making or casein manufacture (Kosikowski 

1978). It constitutes 85-90% of the volume of the milk used for trans

formation into ripened cheese and it retains about 55% of the milk 

solids (Kosikowski 1979). Lactose makes up the bulk of the whey 

solids, comprising from 70-74% of the whey dry matter. Protein con

tent averages 11.5-12.0% depending on the type of whey, and is nutri

tionally excellent. Whey is also an important source of vitamins and 

minerals (Lynch and McDonough 1979). 

Whey is a good source of energy primarily because of its high 

lactose content. The energy value of dried whole whey is comparable 

to that of shelled corn and is slightly higher than that of most other 

feed grains. Whey is also a relatively good source of calcium, phos

phorus, sulfur and the water soluble vitamins. Sodium chloride ac

counts for most of the remaining ash (Schingoethe 1976). 

In its most sophisticated and totally profitable sense whey 

utilization implies that when whey is included in the diet of man or 

animal either totally or some fraction thereof that it will be utilized 

in the form of a nutritious food or some essential component of a food 

(Kosikowski 1979). 

3 
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Feeding Condensed Whey 

Condensed whey has been fed to cattle either untreated (Welch, 

Nilson and Smith 1974) or fermented and ammoniated prior to feeding 

(Henderson, Reddy and Crickenberger 1974; McCullough, Neville and 

Monson 1972). Fermented, ammoniated, condensed whey (FACW) contains 

7-10% nitrogen, has a pH of 5.5-6.3 and exhibits handling properties 

comparable to urea-molasses based liquid protein supplements (Schin-

goethe 1976). The basic idea is to ferment the lactose in whey to lac

tic acid and by maintaining the pH with ammonia to produce ammonium 

lactate. This adds value to the whey since the ammonium lactate 

would then serve as a source of non protein nitrogen (NPN) for rumi

nants (Czarnetzky 1959). 

Palatability problems were not encountered with condensed whey 

when it was fed with urea-molasses either with an all silage ration or 

in a total mixed ration. Weight gains and feed efficiency of calves 

and steers fed FACW were the same as those fed soybean meal and 

slightly higher than for those fed urea-molasses based liquid protein 

supplements (Henderson et al. 1974; McCullough'et al. 1972). 

Infusing various amounts of urea or FACW into the rumen indi

cate that urea raises the rumen pH and consequently exposes the animal 

to more free ammonia. In contrast FACW does not elevate rumen pH and 

thus the animal is exposed to less free ammonia (Crickenberger et al. 

1977). These data demonstrate that it is more difficult to produce 

toxic effects with FACW than with urea and that there is little chance 

of causing ammonia toxicity even when fed at levels high enough to 



increase nitrogen intake two to three times that normally fed 

(Juengst 1979). The lactate portion of the ammonium lactate is an ex

cellent source of energy for ruminants. Walker (1968) reported that 

lactic acid increases the propionate to acetate ratio. 

Huber, Boman and Henderson (1976) reported that FACW does not 

suppress milk fat content but increases feed efficiency relative to 

soybean meal. Maintenance of the milk fat content may be due to lactic 

acid conversion to butyric acid as elevated butyric acid tends to in

crease milk fat (Walker 1968). The data (Huber et al. 1976; Walker 

1968) support the hypothesis that lactic acid influences feed effi

ciency and does not suppress milk fat percentage. This mechanism is 

not at all clear, but an increase in the propionate to acetate ratio 

and an elevated butyrate could account theoretically for the observa

tions. Another likely mechanism is that lactate is used more effi

ciently by the animal to produce meat or milk than is sugars or starch 

(Juengst 1979). 

Another promising way to use large quantities of whey is by 

converting the solids into "lick blocks" for livestock (Hargrove and 

Lynch 1974). There should be an economic advantage of feeding whey 

permeate blocks supplemented with NPN. 

Feeding Dry Whey Products 

Whey can also be used as a protein supplement in the animal 

feed industry. Recent technological developments now make the large 

scale production of whey protein concentrate (WPC) possible. Large 
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scale preparation of WPC can be achieved by ultrafiltration (Forsum, 

Hambraeus and Siddiqi 1974; McDonough et al. 1974), gel filtration 

(Forsum et al. 1974), complexing with carboxymethylcellulose (Hansen, 

Hidalgo and Gould 1971) or precipitation with ethanol (Morr and Lin 

1970). Such products usually contain 50-75% protein, 20-30% lactose 

and 5% or less ash. Whey protein is one of the highest quality natu

rally occurring proteins available having a protein efficiency ratio 

of 3.0-3.2 compared to casein with 2.5 (Lynch and McDonough 1979). 

The limiting amino acids in whey protein concentrate are phenylalanine 

and tyrosine. The protein content of dried whole whey is comparable 

to that in barley, oats and wheat (Schingoethe 1976). 

Presently there are about ten bulk whey concentrates or deriv

atives which are produced industrially which have found commercial 

acceptance. The most popular form is sweet whey powder, followed by 

acid whey powder. Delactosed whey powder, the dried protein concen

trate, is finding much usage in foods for humans and for calves and 

baby pigs. U.S. federal regulations permit the addition of up to 25% 

dried whey as a replacement for milk solids-not-fat, an amount which 

apparently retains the basic quality of the product (Kosikowski 1979). 

These products are establishing themselves in standard dairy, bakery 

and beverage, industries as food supplements (McDonough et al. 1974; 

Zabulelite and Gorbacheva 1976) or in the making of milk extenders 

(Kosikowski 1979) . 

Including dried whey in rations increased weight gains and feed 

efficiencies for poultry (Balloun and Khajerarn 1974), swine (Sewell 
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and West 1955), horses (Hintz, Schryer and Lowe 1971) and rats 

(Womack and Vaughan 1972). When dried whey or lactose is fed to non-

ruminants there is an increased digestibility of protein and fat (Bal-

loun and Khajerarn 1974; Sewell and West 1955), an increase in 

nitrogen retention (Balloun and Khajerarn 1974) , and improved mineral 

absorption (Hintz et al. 1971). Swine are more tolerant of lactose 

than are poultry or rats and can easily consume 15-20% dried whey 

rations without difficulty (Becker et al. 1957). Becker et al. (1957) 

found that 40% dried whey (30% lactose) rations caused some diarrhea 

in finishing pigs while others (Ekstrom, Benevenga and Grummer 1975) 

observed no harmful effects from feeding up to 40% dried whey (Schin-

goethe 1976) . 

Most of the initial research with dried whey or whey product 

feeding consisted of adding it to high concentrate diets in an attempt 

to prevent milk fat depression often associated with such diets. 

Huber, Polan and Rosser (19b7) demonstrated that percent milk fat was 

maintained at pretreatment levels when as little as 10% partially de-

lactosed whey was incorporated into the concentrate portion of the 

diet. A later study (Anderson et al. 1974) demonstrated a linear in

crease in milk fat as percent delactosed whey was increased from zero 

to 14.6% of the concentrate in the diet. 

Studies by Rosser et al. (1971) and by Schingoethe, Stake and 

Owens (1973) indicated that the mineral and lactose were the compo

nents in whey most responsible for maintaining milk fat percentage. 
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The effects of lactose alone are presently unclear. One of the 

advantages of using dried whey or partially delactosed whey as the 

feed additive to prevent milk fat depression in high concentrate 

rations is its palatability (Schingoethe 1976). 

Feeding Whey in Milk Replacers 

For many years dairymen have been using milk replacers to 

raise baby calves from birth to weaning age. These milk replacers 

usually contain a large percentage of skim milk and dried whey as 

basic ingredients (Lynch and McDonough 1979). Dried whey is commonly 

used in milk replacers primarily because of its high lactose content. 

Lactose being the carbohydrate of choice for young calves (Schingoethe 

1976). Noller et al. (1956) obtained satisfactory results when calves 

were fed milk replacers containing dried whey or lactose with soyflour 

as the protein source. 

There does not seem to be agreement as to the maximum level 

of whey that can be included in milk replacers without impairing animal 

performance (Schingoethe 1976). Wallace, Lossli and Turk (1951) ob

served decreased weight gains of calves relative to whole milk fed con

trols when milk replacers contained 45-60% dried whey. However others 

(Morrill et al. 1971, Volcani and Ben-Asher 1974) obtained satisfactory 

growth rates when feeding higher amounts of whey. When whey protein 

concentrate resulting from the ultrafiltration of whey was used in the 

formulation of milk replacers for baby calves the nutritional value was 

equal to that of a typical commercial milk replacer (Lynch and 

McDonough 1979). 
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Feeding Liquid Whey to Nonruminants 

Feeding liquid whey to swine dates to ancient Rome. There 

has been renewed interest in recent years in feeding liquid whey not 

only to swine but also to cattle, primarily because of pressures to pre

vent environmental pollution caused by dumping whey into streams or by 

other undesirable disposal methods (Schingoethe 1976). 

Wisonsin, Illinois, and California research indicated that 

swine weighing over 45 kg made excellent gains when fed only whey and 

barley or wheat. Whey consumption averaged 8.4 kg per day while grain 

consumption averaged 3.5 kg per day. Growth rates were acceptable as 

long as whey consumption was no more than 20% of ration dry matter 

(Fife and Nilson 1969). Higher consumption sometimes resulted in 

diarrhea. Hogs, however, will seldom consume more than 20% of their 

dry matter intake as whey even when whey is their only source of 

liquid (Schingoethe 1976). 

Feeding Liquid Whey to Ruminants 

There has been a strong interest in feeding farm animals 

fresh liquid whey as a replacement for water in order to utilize some 

of the current supply and to improve the animals' nutrition (Rogers 

et al. 1977). Two basic reviews on the subject by Schingoethe (1976) 

and Neilson (1976) show the state of this practice and its require

ments. Generally they express optimism that the practice is advanta

geous. Schingoethe (1976) reports that ruminants can take in up to 

30% of their dietary dry matter as liquid whey, without harmful effects. 
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For many years liquid whey feeding was a common practice on 

farms. Whey was fed to most types of livestock. Therefore its use as 

an animal feed is not new. Large ruminants offer the best potential 

for the use of large quantities of liquid whey or whey products for 

the production of high quality meat and milk (Lynch and McDonough 

1979). 

Numerous studies have been conducted to determine the nutri

tive value of whey, the conditions under which it might best be fed 

and expected results from its feeding. In one trial sixteen holstein 

calves, averaging 87 kg body weight were fed either liquid acid or 

liquid sweet whey along with a 31% crude protein dry supplement (Lynch 

and McDonough 1979). No differences were noted in dry matter, pro

tein supplement or whey intakes. Both groups drank an average of 11.5 

kg of liquid whey daily which amounted to 29% of their total dry mat

ter intake. This experiment showed that liquid wheys can be used 

effectively in a feeding program with weaning calves if properly supple

mented with protein. Some form of roughage would probably be necessary 

in order to avoid digestive upsets. 

Calves heavier than 180 kg were able to more effectively con

sume large quantities of liquid acid whey (Lynch and McDonough 1979). 

Restriction of grain intake proved to be an effective way to increase 

whey intake. Where steers consumed 26% of their total dry matter in

take as liquid acid whey under ad libitum grain feeding they consumed 

45% under restricted grain feeding. During the final period those 

steers on the restricted grain diet obtained 57% of their dry matter 



intake from whey. In a taste panel acceptability test the meat from 

the carcasses of the restricted grain fed steers were equal to that 

from steers fed ad libitum grain diets. However the carcasses from 

those steers fed whey with the restricted grain diets were lighter, 

lower in fat and one grade lower than those from steers fed ad libitum. 

Thus the use of liquid whey either with or without restricted grain 

diets presents one possibility for using large amounts of a surplus 

dairy waste product for production of economical beef. In many cases 

whey is available free at the processing plant with transportation be

ing the only major cost. 

The development of the ultrafiltration process has allowed whey 

to be fractionated into a protein concentrate consisting of lactalbu-

min and lactoglobulin that is retained by the membrane and also a 

permeable fraction called whey permeate (Hargrove et al. 1976). Whey 

permeate contains 80-85% of the original whey solids. These compo

nents include lactose, amino acids, non protein nitrogen, vitamins 

and minerals producing a product with a very high animal feeding value 

(Lynch and McDonough 1979). 

In an experiment with liquid acid whey permeate 30 holstein 

calves averaging 97 kg body weight at 10-12 weeks of age were fed for 

50 days (Lynch and McDonough 1979). Body weight gains of calves fed 

moderate protein supplements with either water or liquid acid whey 

permeate were higher than those fed high protein supplements with acid 

whey permeate. The lack of a favorable result in this trial may have 

been an indication that this age calf would not consume sufficient 
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amounts of the material to make a difference. These calves seemed to 

only drink enough to satisfy their liquid needs. They did, however, 

obtain 26% of their dry matter intake from the permeate. 

It has also been reported (Lynch and McDonough 1979) that 

bloat seems to be a problem associated with liquid whey feeding and 

may require more attention under practical feeding conditions where 

attempts are made to optimize intakes of a readily fermentable sub

strate. 

It was further reported (Lynch and McDonough 1979) that when 

liquid whey permeate was made into blocks for cattle that those 

blocks supplemented with ammonia and urea produced faster weight gains 

than the unsupplemented blocks. Nonprotein nitrogen in blocks made 

from surplus whey permeate makes a very economical feed for finishing 

beef steers. 

When liquid whey replaced all or part of the water fed to 

lactating dairy cows milk production was not affected (Anderson et al. 

1974). Cows fed whey as their only liquid receive 29% of their dry 

matter as whey. When liquid whey was fed to a commercial dairy herd 

milk was increased slightly (Welch and Nilson 1973). When fed whey 

as the only source of liquid cows consumed about 90 kg/day versus 60-

75 kg/day when water was restricted (Anderson et al. 1974). When water 

was given ad libitum cows consumed 64-78 kg/day (Anderson et al. 1974; 

Welch and Nilson 1973). 

Adding 1-4% dried whey or whey products to growing-finishing 

rations for beef cattle usually increased weight gains 2-13% above 
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those steers fed appropriate control rations (Hendrix and Klopfenstein 

1972). Rations containing whey were readily consumed with no palat-

ability problems. Feed efficiency was often slightly improved when 

whey was added to the ration (Schingoethe 1976). 

Different studies (Anderson et al. 1974; Welch and Nilson 

1973) have indicated acceptable growth rates for steers and heifers 

consuming up to 30% of their dry matter as liquid whey. At higher 

liquid whey consumption total dry matter intake was often restricted. 

The data indicate that production may be reduced when cattle consume 

more than 3-4 kg/day of lactose or when lactose provides more than 20-

30% of the total dry matter intake (Schingoethe 1976). 

Another indicator of whey utilization by ruminants is re

flected by changes in rumen fermentation as measured by volitile fatty 

acid production. Generally molar percent propionate is slightly re

duced with whey in the ration while acetate is affected very little 

and butyrate is consistantly increased. Most of the response is attri

buted to the presence of lactose (Schingoethe 1976). The degree of 

the response is essentially the same at both low and high lactose in

take. This may indicate that the rumen bacteria have a limited abil

ity to ferment lactose (Hungate 1966). 

Anderson et al. (1974) reported that whey significantly re

duced consumption of hay. Specifically hay consumption was reduced 

0.7 to 1.0 kg/day for each kg of whey solids consumed. This agrees 

with Welch and Nilson (1973) who found a decrease of 1.0 kg of concen

trate consumed for each kg of whey consumed. 
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Adding Whey to Hay Silages 

When liquid wheys are fed to cattle disposal problems and water 

pollution are alleviated and large quantities of byproduct nutrients 

are utilized for feed production with no expenditure of energy for dry

ing (Lynch and McDonough 1979). Although whey contains an excellent 

array of high quality nutrients such as albumen, lactose, vitamins and 

minerals, and has a number of uses, because of its high water content 

it represents a serious problem of waste disposal for which a solution 

needs to be developed in the near future (Juengst 1979). 

There are several methods by which whey can be utilized by ani

mals. These vary from feeding liquid whey directly to animals to the 

addition of whey or whey products to ensiled forages to feeding of 

dried whey products (Schingoethe 1976). Much of the effort with add

ing whey to ensiled forages has been directed toward improving fermen

tation by providing a more effective acidity and by controlling 

fermentation to minimize production of undesirable end products. Addi

tives have been used primarily to regulate microbial activity to pro

duce desirable fermentation (Dash et al. 1974c). 

Adding whey to alfalfa haylage at ensiling has improved its 

quality by increasing the concentration of lactic acid, decreasing 

butyric acid content and reducing pH (Dash and Voelker 1971; Nevens 

and Kuhlman 1936). When dried whey was added to alfalfa hay silage 

it reduced pH, increased lactic acid and decreased mold growth. In

take data indicated that treated hay silages were more acceptable by 

dairy calves than untreated hay silages or hay (Dash et al. 1974b). 
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It was concluded that whey was an effective hay silage additive (Dash 

and Voelker 1971). 

Although one study (Martin, Stoddard and Porter 1952) indi

cated there was no appreciable effect of additives to alfalfa silage, 

most early work (Allen, Watson and Ferguson 1937; Johnson et al. 1941; 

Nevens and Kulman 1936) indicated that adding dried whey to grass and 

legume silages improved the quality of the silage produced. This was 

probably due primarily to the fact that such forages contain relative

ly small amounts of readily fermentable carbohydrates while whey is a 

good source of fermentable carbohydrate. Whey's addition at ensiling 

time usually resulted in faster and more complete fermentation and a 

better quality silage as indicated by lower pH, higher lactic acid 

content and higher digestbility (Schingoethe 1976). It is reasonable 

to expect similar responses with other low-energy forages although 

presently there are no known reports of their having been evaluated. 

Several researchers studied optimal levels of whey necessary 

to produce high quality silage. Nevens and Kuhlman (1936) found that 

between 1 and 5% dried whey was the most effective of a series of 

silage additives in increasing the acidity of alfalfa silage pre

pared in laboratory silos. Allen et al. (1937) found 1% dried whey 

or an equivalent dry matter from liquid whey to be effective while 

Johnson et al. (1941) obtained optimal results when 4% dried whey 

or 7-14% sour whey concentrate was added to grass silage prepared 

in laboratory silos. Dash et al. (1974a, 1974b, 1974c) observed 

similar improvements in chemical indicators of silage quality 
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when 1-10% dried whey or up to 7% lactose was added to alfalfa-brome 

low moisture silage (haylage). The optimal response seemed to be 

achieved with 1-2% dried whey. 

Stallcup (1955) found that dry matter losses were lowest, and 

carotene preservation and palatability best for alfalfa silage pre

served with 2% dried whey as compared with three commercial 

preservatives. 

The effect on digestibility of silage as affected by whey 

ensilation has been studied in both sheep (Allen et al. 1937) and 

steers (Dash et al. 1974a, 1974b, 1974c). Adjusted dry matter 

digestibility was calculated to remove the digestible added whey from 

consideration so as to allow a more meaningful estimate of the effects 

of additives on digestibility of the forage. In making the calcula

tion it was assumed that the dry matter in whey was 87% digestible 

(Anderson 1975). The work of Sutton and Vetter (1971) indicated that 

improved fermentation was responsible for improved cellulose digestibil

ity. Higher digestibilities of chemical constituents of whey treated 

silage over that of corresponding untreated silage (Allen et al. 1937) 

suggest that improvement in silage fermentation may increase the di

gestibilities of several constituents including cell wall components. 

These improved digestibilities were attributed to the improved fer

mentation caused by the addition of the whey or lactose and was indi

cated by increased lactic acid in the haylages. It was also felt that 

constituents of whey other than lactose may be partly responsible for 

the improved haylage digestibility (Dash et al. 1974a). 
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Adding dried whey increased adjusted dry matter digestibility 

4-15% over digestibilities of untreated control forages. Responses 

were similar when lactose was added to the silage (D?.sh at al. 1974a). 

Dried whey (1.4%) was equal to molasses (2.0%) in' improving silage 

digestibility in sheep (Allen et al. 1937), indicating that the energy 

in whey is at least as effective as other energy sources in improving 

silage quality. Digestibilities of crude fiber (Allen et al. 1937) 

and various fiber fractions (Dash et al. 1974a, 1974b, 1974c) were 

increased with dried whey additions but cellulose digestibility was 

decreased with lactose additions (Dash et al. 1974a). 

Even though the addition of 10% dried whey increased adjusted 

dry matter digestibility in silage the most, 1-2% dried whey probably 

would be considered the optimal level to add. The small additional 

improvements with 10% dried whey would not generally be sufficient to 

satisfy the additional costs involved (Schingoethe 1976). 

Information concerning animal performance in terms of weight 

gains or milk production from treated legume or grass silage is 

limited. Stallcup (1955) observed that whey treated alfalfa silage 

was palatable when offered to heifers but did not include any per

formance data. Dash et al. (1974c) found no difference in milk 

production or composition between cows fed untreated or 2% whey treated 

alfalfa haylage in a 12 week experiment. Voluntary forage consumption 

was higher from whey treated haylage than from the untreated. Concen

trate consumption was however lower for cows receiving the treated 

haylage. Several workers (Stallcup 1955; Wilkins et al. 1971; Zimmer 



and Kaufmann 1969) have indicated that higher Intake of silages was 

associated with Improved fermentation. One beneficial effect of the 

treated silage was that the cows receiving It had a higher weight gain 

than the controls. Several of the cows assigned to the experiment were 

in the latter stages of lactation when weight gain to build up body 

reserves is desirable (Moore 1966). 

Whey has also been added to urea treated corn silage with 

favorable results (Schingoethe and Beardsley 1975; Schingoethe, 

Beardsley and Muller 1974). Corn silage usually contains sufficient 

readily fermentable carbohydrates to utilize the urea nitrogen added 

in this manner. However it was speculated that the additional energy 

from whey or whey products may have aided in conserving urea nitrogen 

in the silage by reducing ammonia nitrogen losses and possibly convert

ing some of this urea nitrogen into microbial nitrogen in the silage. 

The possibility also exists that additions of whey products may have 

decreased urea breakdown. When dried whey, partially delactosed whey 

or lactose was added to urea treated corn silages ammonia nitrogen was 

reduced with no reduction in total nitrogen in the corn silage, 

indicating that whey minerals and/or whey proteins have a part in 

reducing ammonia nitrogen (Schingoethe et al. 1974). It is thus felt 

that whey additions reduced nitrogen losses. 

Acid detergent fiber tends to be lower in corn silages con

taining whey products. This indicates that all additions aided in 

fermenting the corn silage during the ensiling process (Schingoethe 

et al. 1974). 
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The addition of 1% dried whey to urea treated corn silage 

ensiled in a conventional concrete silo improved animal performance. 

This was evidenced by a 6.5% increase in milk production in lactating 

cows, a 7% increase in weight gains with growing heifers and a 2% 

increase in dry matter digestibility by steers. Much of the improve

ment attributed to whey additions in dry matter and energy digestibil

ities can be accounted for by the amount of highly digestible energy 

added in the form of dried whey (Schingoethe and Beardsley 1975). 

It is reasonable to assume that the addition of whey to other 

forages would also prove beneficial even though there have been no 

reports found indicating that this has been done. 

Chemical Treatment of Crop Residues 

Many methods including alkali treatment, radiation, grinding 

and pelleting have been used to exploit the nutrient utilization of 

poor quality roughages (Gupta and Pradhan 1977). Chemical treatment 

of crop residues has been investigated and practiced for many years 

(Beckman 1921). However, intensive research and application has 

developed in only the last 15 years (Jackson 1977). Much of the re

search has been in countries other than the United States where grain 

is less available and higher priced (Reid and Klopfenstein 1983). 

Sodium hydroxide has been the chemical most widely used for low 

quality roughage treatment in the past (Mowat 1981). Its main effect 

has been to increase digestibility. Hemicellulose is solubilized and 
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the extent and rate of cellulose and hemicellulose digestion is 

increased. Invitro and invivo digestibilities have been increased from 

10-20%. While cattle gains have been generally increased by feeding 

chemically treated crop residues the level of performance often has 

not been as great as would be predicted from in vitro digestibilities 

(Klopfenstein, Berger and Paterson 1979). 

Feeding trials carried out by Garrett et al. (1976) found that 

alkali treated rice straw produced no better animal performance than 

untreated straw when fed at 36% of the diet but that it did give 

superior results when included at the 72% level. This finding is in 

agreement with results obtained in England (Lamming, Swan and Clarke 

1966) which showed that up to 30% untreated straw could be incorporated 

into high concentrate rations without impairing overall animal per

formance. Recently Danish investigators (Kristensen et al. 1978) 

found minimal differences between NaOH treated and untreated straw 

fed as 20% of the diet but at the 10% level there was a fairly bene

ficial effect from feeding NaOH treated straw. 

Because of cost, safety, effects on the increased passage 

through the rumen, reduced rumen fiber digestion, changes in the soil 

because of increased sodium contamination, and marketing problems 

little application of alkali treatment is expected in the United 

States or Canada (Klopfenstein and Owen 1981). 

Most investigators (Kristensen et al. 1978) have concluded 

that for large scale feed use of low quality roughages chemical 

treatment is necessary to increase cellulose digestibility. 
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Calcium hydroxide does not have the same disadvantages as 

sodium hydroxide but is a weaker base and requires more reaction time. 

A mixture of sodium hydroxide and calcium chloride may have some poten

tial where a dry chemical is most desirable (Klopfenstein and Owen 

1981). 

In alfalfa and other forage crops, and in straws and other low 

quality roughages a substantial fraction of the cell wall components 

are indigestible due to lignin interference. Attempts to upgrade 

forage digestibility by chemical treatment of the lignin have not been 

very promising (Klopfenstein 1968). 

Ammonia appears to have the greatest potential for immediate 

use in practical situations (Klopfenstein and Owen 1981; Mowat 1981). 

Ammonia has several advantages: it supplies NPN, it delignifies the 

plant, the material does not have to be ground or mixed for treatment, 

treatment is relatively easy and a farm delivery system is already in 

place in most of the United States. The major disadvantages are that 

a gas tight environment is necessary and slow reaction time at low 

temperatures (Waagepeterson and Thomsen 1977) . Plastic covers and 

high temperature treatment devices can be used but this increases the 

cost. 

The ammonia treated crop residues can be aerated or mixed with 

fermented feed so that the organic acids neutralize the ammonia. When 

ammonium hydroxide treated corn cobs were mixed with sodium and calcium 

hydroxide treated corn cobs lambs performed equally well as those fed 

only sodium hydroxide treated corn cobs (Klopfenstein et al. 1979). 



Thus while ammonia treatment did not improve performance it does have 

the advantage of being a source of NPN and there are no mineral resi

dues that might be detrimental to the animals or to the soil to which 

the animal excrement is added. 

The question of how much alkali to use has not been adequately 

answered. Time, temperature, mixing and other variables must obvious

ly be considered. The general concensus seems to be that 3-5% produces 

the best compromise between increasing digestibility and holding down 

undesirable side effects (Kohler, Walker and Kuzmicky 1979). 

All things considered it appears that chemical treatment of 

low quality roughages can increase digestibility of organic matter 

and cellulose by as much as 20-30%. Determination of method of 

choice will be dictated largely by the economics and feeding system 

involved. Both alkali and ammonia treatment are being presently used 

commercially even though there is still much room for process 

improvement (Kohler et al. 1979). 



MATERIALS AND METHODS 

Material Source 

Corn stalks, corn cobs, and oat straw samples were obtained 

from a growing area near Wilcox, Arizona. Liquid acid whey was ob

tained from Shamrock Foods in Phoenix, Arizona and stored at 4°C until 

needed for rehydration of the crop waste material to be ensiled. 

Silage Preparation 

The three different crop waste materials were rehydrated with 

acid whey in preparation for ensiling in the following proportions: 

One hundred seventy grams of corn stalks were rehydrated with 

400 ml of whey. 

Two hundred four grams of oat straw were rehydrated with 480 ml 

of whey. 

Two hundred forty five grams of corn cobs were rehydrated with 

565 ml of whey. 

Prior to rehydration the three crop waste materials were 

chopped by mechanical harvester into approximately one inch lengths. 

Following chopping and rehydration each type of material was then hand 

mixed and the entire amount was then hand packed very tightly into 

0.946 liter glass Mason jars. The jars were then tightly sealed and 

incubated in the dark at 37°C. Sampling times were at 0. 1, 2, 4 and 

8 weeks. To avoid introduction of oxygen or other contamination, 

23 
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five jars were prepared for each silage treatment so that the entire 

contents of a jar could be used for analysis at each sampling time. 

Biochenrt cal Analyses 

At sampling time the silage in each jar was emptied into a 

stainless steel mixing bowl and thoroughly mixed to obtain a homog

enous sample. Twenty grams were immediately removed for a pH deter

mination. The remainder of the sample was frozen at -37°C for 

subsequent proximate analyses (dry matter, crude protein, ether 

extract, acid detergent fiber and permanganate lignin) and volatile 

fatty acid analyses. All chemical analyses were conducted in duplicate. 

pH Determination 

Distilled water (180 ml) was added to twenty grams of wet 

silage in a waring blender jar and blended for 30 seconds at 20,000 

rpm. The pH was estimated on a 30 ml aliquot using a Fisher Accumet 

pH meter (Model #220) equiped with a conventional glass electrode, 

(Fisher Scientific Co., Philadelphia, Pa.). 

Proximate Analysis 

Dry matter was determined by the vacuum drying oven method. 

Approximately two grams of silage was dried at 80°C for 24 hours. 

Approximately 200 gm of ensiling material were then dried at 80°C for 

48 hrs and following drying were ground through a 2 mm sieve in a 

Wiley mill. Composite samples were taken for protein, either extract 

and acid detergent fiber. Protein was estimated by the Kjehldahl 



procedure using a one gm sample. A two gm sample was used to 

determine ether extract using the standard A.O.A.C. method (1975). 

Procedures described by Goering and Van Soest (1970) were used for 

determination of acid detergent fiber and permanganate lignin. 

Volatile Fatty Acid Analysis 

VFA's were analyzed as free fatty acids by a modification of 

the gas chromatography technique described by Rumsey et al. (1966). 

Thirty two grams of wet silage were mixed with 268 ml of distilled 

water in a Waring blender for about 30 seconds at 20,000 rpm. The 

blender jar and contents were then placed in a refrigerator at 4°C 

for 30 min and again mixed for about 30 seconds. The refrigerator 

cooling was repeated and the silage mixture was then filtered through 

Whatman #1 filter paper into a 500 ml suction flask using a Buchner 

funnel. A 10 ml aliquot of the filtrate sample was removed and 

centrifuged for 10 min to remove any solid material. The supernatant 

was decanted into 12 ml screw capped vials and stored in a refrigerator 

at 4°C until analyzed. An aliquot of ca 6 ul of sample solution, 

accurately measured in a 10 ul syringe was injected into a Perkin-

Elmer Model 800 gas chromatograph equiped with a hydrogen flame 

ionization detector. The fatty acids were separated on a glass 

column (0.4 cm internal diameter by 1.65 m long) containing 5% NPGSB 

and 1% phosphoric acid on 90/100 mesh Anakrom A (Analabs, Inc.). The 

carrier gas was nitrogen at a flow rate of 25 ml/min. Injection port 

temperature was 195°C; column temperature, 100°C; and detector 



temperature, 219°C. Fatty acid ester identification was jnade by 

comparison with retention times of authentic compounds and their 

relative amounts determined by an Autolab digital integrator model 

6300. Concentrations of each acid were determined by peak area 

comparisons with that of standard solutions injected under similar 

conditions. 



RESULTS AND DISCUSSION 

pH Analysis 

Initial sampling at week 0 showed that the whey rehydrated 

silages had an average pH of 6.10 while those rehydrated with water as 

a reference had an average pH of 6.66 (Table I). The lower pH of the 

whey silages was probably due to the acidity of the whey (pH 4.6). 

By week 1 the whey silages had an average pH of 3.97. Similar low 

levels were found at weeks 2 and 8. At week four the whey silages had 

an average pH of 3.76 while the water silages were slightly higher 

at 4.03. The low pH values of the whey silages agree with those 

values reported by Dash and Voelker (1971), Dash et al. (1974a) and 

Rooke et al. (1983). 

The higher pH (4.9) value of the water oat straw silage as 

compared to all the other silages at week 4 may have been caused by 

clostridial activity of sacchrolytic varieties which produce butyric 

acid from lactate and other residual sugars (McDonald 1976), and would 

thereby raise pH and lower silage quality. This data'suggests that 

whey was a desirable rehydrating medium for obtaining the desired low 

pH for good quality silage. While water gave similar results for two 

of the silages it was inferior with the third. 

Virtanen (1929) reported that the primary factor affecting 

biochemical and microbiological changes during fermentation is the 

strength of the acidification. The ensiling crop waste materials with 

whey appeared to undergo favorable fermentation. This was probably 
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Table 1. Effects of Whey Rehydration of Crop Waste Materials on pH during Ensiling 

corn stalks 

oats straw 

corn cobs 

Material After 
Before After Whey Rehydration Water 

Rehydration Rehydration 

Week 0 Week 1 Week 2 Week 4 Week 8 Week 4 

6.4 6.1 3.8 3.9 3.8 3.8 3.6 

8.4 6.9 4.1 4.0 3.9 4.1 4.9 

5.2 5.3 4.0 3.8 3.6 3.9 3.6 
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accomplished by the stimulation of- a strong lactic acid fermentation 

and by lowering the water activity of the silage to a level that would 

be expected to inhibit Clostridia activity. 

It should also be pointed out that there were small differences 

between whey rehydrating medium silages from week 1 through 8. These 

differences were in the magnitude of only 0.1 pH unit and as such were 

considered of little practical importance and were probably due more 

to sampling error than to anything else. 

The fact that the pH values were so consistent both within each 

individual rehydrating medium and within weeks across rehydrating 

mediums suggest that there were sufficient carbohydrates in the whey 

treated silage to support a strong fermentation resulting in a low pH. 

Using both laboratory silos and experimental silos several workers 

have shown that whey additions extend fermentation by improving acid

ity. This is shown by increased lactic acid production and decreased 

pH values (Dash et al. 1974a, 1974b; Rooke et al. 1983). 

Barnett (1954) had reported that the ensiling process is 

characterized by the production of heat and organic acids; namely 

lactic, formic, acetic, and propionic, followed by quescence during 

which the lactic acid concentration remains stable and the fermenting 

mass becomes constant at about 4.0. Thus the quality of the whey 

treated crop waste silages in the present study could be deemed good 

based on the low pH values obtained. In general the fermentation pat

tern in the crop waste silages indicated that liquid whey was an 

effective medium for reducing pH values. The term "silage quality" 
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is generally used to indicate the success of fermentation. McCullough 

(1978) suggests that silage quality and nutritional value of silages 

are usually highly correlated. 

Dry Matter 

Dry matter content of all whey rehydrated silage was quite 

uniform and consistent during the entire sampling period (Table 2). 

There were no apparent differences between source of crop waste nor 

between sampling weeks. The average DM of all samples of whey corn 

stalk silage was 32.04%, for whey oat straw silage, 31.23% and for whey 

corn cob silage, 32.84%. Water as the rehydrating liquid produced 

silages with a lower DM content than did whey. DM content of water 

rehydrated silage was as follows: corn stalk silage, 24.56%; oat 

straw silage, 22.83%; and corn cob silage, 31.83%. This difference is 

probably due to the 6% solid content of the added whey and has been 

reported by others (Rooke et al. 1983; Wilster 1964). 

Whey in varying forms has been used with several silage treat

ments. A summary of these articles has indicated that 1 to 5% total 

whey solids has been the most common addition to silage. There has 

been no major benefit reported to adding more than 5%. Alfalfa silage 

treated with dried whey was found to have lower DM losses than compar

able silage treated with commercial preservatives (Stallcup 1955). 

It has also been reported that the addition of whey at ensiling time 

has either improved DM content of the silage or has decreased DM 

losses (Rooke et al. 1983; Stallcup 1955). 



Table 2. Effects of Whey Rehydration of Crop Waste Materials on Dry Matter during 
Ensiling 

Material After 
Before After Whey Rehydration Water 

Rehydration Rehydration 

Week 0 Week 1 Week 2 Week 4 Week 8 Week 4 

corn stalks 90.46 32.94 31.66 32.34 32.03 31.21 24.56 

oats straw 81.98 30.47 30.57 31.37 31.03 32.70 22.83 

corn cobs 89.97 32.39 37.25 33.64 30.73 30.18 31.83 
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A major factor in silage utilization is stage of maturity of 

the plant at harvest since this factor controls both DM digestibility 

and DM intake. Aeration also has the potential of reducing a poten

tially high quality silage into a useless one (Zimmer 1971). Aeration 

prolongs the time required for the development of anaerobic conditions 

and the initiation of lactic acid fermentation (McCullough 1978). It 

also depletes the supply of potentially fermentable carbohydrates and 

increases the buffer capacity due to protein degradation. Thus overly 

mature plant material in which aeration has not been properly con-

troled has an increased chance of producing poor quality silage. 

Carpintero et al. (1969) and McDonald, Henderson and McGregor 

(1968) reported that high DM silages tended to have higher pH values. 

Dash et al. (1974b) indicated that even though hay silages prepared 

for their experiment were about 50% DM the addition of whey resulted 

in desirable fermentation and reduced pH. A similar observation was 

made by Anderson and Jackson (1970) who worked with wilted silages. 

Thus the present study as well as previous studies have con

clusively shown that the addition of whey to crop waste materials that 

are being made into silage will increase DM content of the resulting 

silage. While this is due primarily to the addition of the whey 

solids there are other immediate benefits as the whey solids are of 

superior composition and are especially a readily available source of 

fermentable carbohydrate. It would be expected that when superior 

silage is fed that the recipient animal would benefit nutritionally 

and that both a healthier animal and a superior product would result. 



Crude Protein 

The results of the analyses of the silage samples for protein 

are given in Table 3. Protein content was higher for the whey treated 

materials than in either the water treated silages or the crop waste 

material before treatment. The most logical explanation for this find

ing is that cottage cheese whey contains approximately 0.8% protein 

(Wilster 1964). This was apparently enough to account for the differ

ence between the whey and water rehydrated silages. The mean protein 

contents for whey vs. water rehydration were as follows: corn stalk 

silage, 5.15 vs. 3.97%; oat straw silage, 4.85 vs. 3*94%; and corn cob 

silage, 4.11 vs. 3.08% respectively. 

There did not appear to be any real changes in protein con

tent of the ensiled material over time. There were small changes over 

time but there did not seem to be any particular trend. The whey 

ensiled corn stalks actually had a small increase in protein content 

from week 0 through 8 but both oat straw and corn cobs showed a 

decrease. It is assumed that the small changes noted were due to ex

perimental error. As there were no external sources of non protein 

nitrogen available in this experiment it would be highly unlikely that 

there would be any protein produced even if conditions were favorable 

for it being done. Schingoethe et al. (1974) and Schingoethe and 

Beardsley (1975) reported that the addition of whey products to urea 

treated corn silages reduced non protein nitrogen and ammonia 

nitrogen with no reduction in the total nitrogen content of the silage. 

Thus indicating that some protein was being synthesized. They also 



Table 3. Effects of Whey Rehydration of Crop Waste Materials on Crude Protein 
during Ensiling 

Material After 
Before After Whey Rehydration Water 

Rehydration Rehydration 

Week 0 Week 1 Week 2 Week 4 Week 8 Week 4 

corn stalks 4.18 4.86 5.09 5.27 5.03 5.51 3.97 

oats straw 3.80 5.72 4.62 4.83 4.59 4.48 3.94 

corn cobs 2.63 4.22 4.57 3.76 4.00 4.02 3.08 



reported that the amount of whey products added did not seem to 

influence the results. They did find that the addition of any amount 

of whey product caused a slight reduction in acid detergent fiber. 

Ether Extract 

While it was shown that there was a slight increase in ether 

extract over time from week 0 through 8 (Table 4) the increase was 

small and it is highly unlikely that there was an actual increase. 

Ether extract procedures are not as accurate or as repeatable as is 

desirable. Consequently it is difficult to give much credulence to 

the slight increase noted in this experiment. The actual difference 

noted between the starting material and the whey rehydrated material 

was probably real and can be explained by the fact that liquid whey 

does contain about 0.2% fat (Wilster 1964). Also the water rehydrated 

silage was similar to the starting material. If it were possible to 

raise the fat content of the silage through bacterial synthesis this 

would obviously have a significant beneficial effect on the nutritive 

worth of the silage due to the high energy content of the fat. 

Acid Detergent Fiber 

Whey treatment of crop residues was found to have an effect on 

the acid detergent fiber content of the ensuing experimental silages 

(Table 5). The most immediate effect was that ADF was reduced in the 

0 week sample. This was obviously due to the diluting effect of the 

whey which contained approximately 6% solids but no fiber. This effect 

was neither noted nor expected in the water reference silages. At 



Table 4. Effects of Whey Rehydration of Crop Waste Materials on Ether Extract 
during Ensiling 

Material After 
Before After Whey Rehydration Water 

Rehydration Rehydration 

Week 0 Week 1 Week 2 Week 4 Week 8 Week 4 

corn stalks 0.74 0.88 1.67 1.55 1.73 1.22 0.73 

oats straw 0.29 0.56 0.70 0.82 1.06 0.73 0.29 

corn cobs 0.25 0.66 0.49 0.31 0.51 0.54 0.65 



Table 5. Effects of Whey Rehydration of CropWaste Materials on Acid Detergent 
Fiber during Ensiling 

Material 
Before 

Rehydration 
After Whey Rehydration 

Week 0 Week 1 Week 2 Week 4 Week 

After 
Water 

Rehydration 

Week 4 

cornstalks 44.92 39.89 42.47 42.79 42.26 45.54 48.99 

oats straw 58.36 50.37 53.71 52.24 55.54 55.74 60.70 

corn cobs 44.08 41.34 39.48 43.66 44.45 45.41 48.49 



week 4 the whey silages had an overall ADF mean of 46.75% while the 

water silages had a mean of 52.73%. Oat straw and its resultant 

silage both had appreciably higher ADF values than did either corn 

stalks or corn cobs and their silages. 

Dash et al. (1974b, 1974c) had previously reported the same 

phenominum, that some of the differences in the ADF content of whey 

treated and untreated silages can be attributed to the dilution ef

fects of the added whey. They also reported that the major differences 

in the ADF content of silages or haylages treated with whey were due to 

changes in the cellulose content. They further pointed out that 

chemical analysis of these fermented feeds suggests that greater 

amounts' of hemicellulose and lesser amounts of cellulose were utilized 

in the fermentation process, probably for the production of organic 

acids. Zimmer (1971) and DeMan (1958) did report the utilization of 

cell wall components for production of organic acids. Sutton and 

Vetter (1971) concluded that improved fermentation is responsible for 

improved cellulose digestibility. 

ADF values for all whey rehydrated silages rose over time from 

week 0 to week 8. This in agreement with the work of Rooke et al. 

(1983). No readily apparent explanation for this finding seems forth

coming at this time. It is highly unlikely that ADF was actually 

being produced during the fermentation process. If total DM or crude 

protein had decreased during the fermentation process an increase in 

ADF would at least be partially explainable. However there was no 
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appreciable change in either of these components during this 

experiment. 

Early researchers have indicated higher digestibilities of 

chemical constituents of whey treated silages over those of untreated 

silages. They suggest that improvement in silage fermentation will 

probstoly result in an increase in digestibility of the silages' chemi

cal constituents including the cell wall components (Allen et al. 1937). 

It was also reported that improved fermentation was indicated by in

creasing amounts of lactic acid in the treated silage and that whey 

constituents other than lactose seem to be at least partly responsible 

for improved digestibility of whey silages (Dash et al. 1974a). 

Lignin contents of the experimental silages are shown in 

Table 6. As was the case with ADF, lignin was found to be higher in 

all samples of oat straw then in either of the two other crop wastes 

that were ensiled. Using lignin and ADF as a reflection of the waste 

materials quality it could be concluded that the oat straw silage was 

inferior to both corn stalks and corn cobs. Dilution with whey solids 

caused a depression of percent lignin in the whey silage similar to 

the depression it caused in ADF. At week 4 the whey rehydrated 

silages averaged 12.55% lignin while the water rehydrated reference 

silages averaged 14.17%. As with ADF this was expected as there is 

neither lignin nor fiber in whey. 

It has been reported (Van Soest and Marcus 1964) that digesti

bility of dry matter and dry matter intake of most forages decreases 

with maturity due to an increase in cell walls which are highly 



Table 6. Effects of Whey Rehydration of Crop Waste Materials on Permanganate 
Lignin during Ensiling 

Material After 
Before After Whey Rehydration Water 

Rehydration Rehydration 

Week 0 Week 1 Week 2 Week 4 Week 8 Week 4 

corn stalks 12.04 11.17 12.20 13.19 11.43 13.02 12.74 

oats straw 14.69 15.72 16.99 13.85 12.62 14.25 15.47 

corn cobs 10.39 12.06 12.49 14.19 13.61 12.40 14.31 



lignified. Other data (Marten et al. 1976) also Indicate that ADF, 

permanganate lignin and cellulose were negatively correlated with both 

DM intake and DM digestibility in both corn and sorghum silage. The 

present data suggests and agrees with previous data (Rooke et al. 1983) 

that whey treated silage should have a beneficial effect on the feed

ing quality of the silage because of the greater DM intake and 

digestibility. 

Lignin content of crop residues varies from 5% in some straws 

to 25% in peanut hulls. It has been pointed out that high lignin con

tent is associated with unavailability of carbohydrates in forages 

(Van Soest 1969). Thus digestible energy as measured by TDN is cor

related inversely with lignin content (Kohler et al. 1979). 

When liquid whey was used to rehydrate crop waste materials 

for ensilage in laboratory silos acid detergent fiber and lignin were 

reduced (Schingoethe et al. 1974). This is in agreement with the 

results of the present study and should improve the feeding value of 

the silage (Schingoethe and Beardsley 1975). 

Acetic Acid 

The only volatile fatty acid reported in this study is acetic 

acid as the results of the analyses for the other did not produce any 

meaningful information. The results of the acetic acid analysis are 

shown in Table 7. 

It was found that initial concentration of acetic acid varied 

from 5.30 ul/100 ml in corn stalks to 26.6 ul/100 ml in corn cobs. 



Table 7. Effects of Whey Rehydration of Crop Waste Materials on Acetic Acid 
during Ensiling 

corn stalks 

oats straw 

corn cobs 

Material After 
Before After Whey Rehydration Water 

Rehydration Rehydration 

Week 0 Week 1 Week 2 Week 4 Week 8 Week 4 

10.7 5.3 33.3 40.3 43.0 46.7 26.0 

9.0 12.0 18.0 23.7 18.3 23.3 19.3 

21.0 26.3 21.0 38.7 29.3 31.7 37.0 



There was a general increase in acetic acid during the course of the 

fermentation process, however by the end of the second week all except 

the corn stalk silage had peaked and it had nearly done so. By the 

end of the 8 week trial the whey rehydrated corn stalks, oat straw, 

and corn cobs had reached levels of 46.7, 23.3, and 31.7 ul/100 ml 

acetic acid respectively. In comparing water rehydration with whey 

rehydration after 4 weeks of fermentation it was found that whey pro

duced much more acetic acid with the corn stalks (43.0 vs. 26.0 ul/ 

100 ml), about the same with oat straw (18.3 vs. 19.3 ul/100 ml) and 

somewhat less with corn cobs (29.3 vs. 37.0 ul/100 ml). 

Early workers (Fred, Peterson and Anderson 1921) reported that 

accumulation of acetic acid in silage was due to the activity of 

heterofermentative lactobacilli. The data also showed that pentosans, 

often components of silage, derived from hemicellulose hydrolysis are 

metabolized by producing nearly equimolar amounts of lactic acid 

(Dewar, McDonald and Whittenbury 1963). 

The results reported by Wieringa and Beck (1964) showed that 

selective additives in culture media such as acetic acid either 

eliminate the undesirable microflora or depress lactobacilli to some 

degree. Gupta and Pradhan (1977) working with ensiled wheat straw 

suggested the existence of a high positive relationship between acetic 

acid and in vitro DM digestibility, and in vitro cellulose digestibil

ity and lactic acid. They also reported that acetic acid could be 

one of the most desirable characteristics of good quality silage 



especially when poor quality roughages like wheat straw form the 

major component of the ensiling material. Thus the high levels of 

acetic acid found in the whey rehydrated silages in the present study 

would indicate a potentially high quality silage. 



CONCLUSIONS 

Whey was found to be an effective rehydrating medium for 

obtaining a desirable pH for preservation of all three ensiled crop 

waste materials. 

Chemical analysis indicated that whey rehydrated silages had 

higher levels of dry matter, ether extract and protein while having 

lower values of acid detergent fiber and lignin than did water re

hydrated silages. It was concluded that this was probably due to the 

solids content of the whey which contained no lignin or fiber. 

A lower concentration of acid detergent fiber and lignin was 

found in both corn cob and corn stalk whey silage than in the oat 

straw whey silage. Because fiber and lignin are negatively correlated 

with silage feeding quality it was concluded that whey rehydration 

would be superior to water rehydration in obtaining a desirable 

ensiled product. 

Volatile fatty acid analysis revealed the presence of small 

amounts of acetic acid in the initial samples of both the corn stalk 

and oat straw silages. An increase was noted in all samples within 

two weeks with only minor changes noted thereafter. A higher concen

tration of acetic acid was found in the corn stalk and corn cob whey 

silages than in the oat straw whey silage. As high levels of acetic 

acid have been reported to be an indication of superior silage 
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quality it was concluded that the silages produced in this experiment 

by whey rehydration should be of superior feeding value. 

Additional information must be available such as the results 

of a large scale ensiling trial followed by an actual feeding trial 

before any final conclusions can be made concerning the nutritive 

advantages to rehydrating corn stalks, corn cobs or oat straw with 

whey. 
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