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echanically-induced losses during forage

harvest are visible and are commonly
recognized as a source quantity and quality loss.
Although invisible, similar losses occur during hay
storage because of microbial respiration on the hay.
This respiration results in dry matter loss aswell as
quality reduction.

The dry matter lost during storage consists of the
most nutritious parts of the hay (nonstructural
carbohydrates). Asaresult, hay quality is affected in a
manner which decreases its potential intake and
digestibility. Heat generation, also associated with the
respiration, reduces protein availability.

Moisture content also decreases during storage.
Given enough timein storage (usually two months or
more), most hay will reach approximately 12 percent
moisture if baled at less than 25 percent moisture. If not
treated with an effective preservative, hay baled above
25 percent moisture poses the threat of severe heat
production and a barn fire.

Forages are made up of dry matter (DM) and water.
While the water has no nutritional value, it can have
economic value because hay is often sold byaveight on
an“asis’ basisrather than on adry matter basis. Hay
buyers and sellers should have hay sampled for dry
matter content because this, in combination with the
weight and quality, determines the amount of nutrients
being transferred.

Chemical preservatives change the storage
process. Although the changesin treated hay would
be similar to those discussed here, this fact sheet
applies specifically to untreated alfalfa hay.

Dry Matter Loss in Baled Hay

Dry matter lossis adirect result of microbial activity.
During this microbial activity the soluble

carbohydratesin the hay are consumed. The amount
of dry matter lossis directly related to heat generation,
whichinturnisrelated to moisture content. Figure 1
illustrates dry matter loss as a function of moisture
content. For hay baled near 12 percent moisture, very
little loss occurs. As baling moisture rises, the amount
of storage dry matter lossincreases. This dry matter
loss results in less feed and, as will be shown below,
lower quality feed. Trade-offs occur between storage
losses and harvest losses; but, in general, hay baled at
15 to 18 percent moisture will maximize the overall
nutrient yield.

% Dry matter loss

10 15 20 25 30

Moisture content at baling (%)

Figure 1. Dry matter loss for untreated alfalfa hay stored
indoors as a function of moisture content at baling.



Consider the examplein Table 1 in which one ton
of alfalfahay baled at 18 percent moisture (82 percent
DM) isplaced into storage. The amount of dry matter
going into storage is 1,640 Ibs. (2,000 x 82 percent
DM). With adry matter loss of 2.5 percent (Figure 1),
only 1,600 (1,640 x (100 - 2.5) + 100) will be
available after storage. At 12 percent moisture (88
percent DM), the total weight as removed from storage
would be 1,820 Ibs. while theinitial weight was 2,000
Ibs. From ahay sellers perspective (in this example),
the price needsto be at least 10 percent higher after
storage than at baling because of the weight change.

Quality Effects

The dry matter consumed during hay storageis
primarily nonstructural carbohydrate which is readily
used by ruminant animals. The fibrous plant
components are retained and, as other dry matter is
lost, their concentration increases. A slight amount of
crude protein islost during storage, but proteinislost
at aslower rate than carbohydrates; thus, crude protein
concentration increases slightly during storage.

Table 1. Example of the effects of hay storage.

Figure 2 illustrates these phenomenon with the
concept of aretention factor. Multiply the quality
entering storage by the appropriate retention factor to
determine quality after storage. Consider the example
of Table1. Theinitial quality is 18 percent crude
protein (CP) and 50 percent neutral detergent fiber
(NDF). With retention factors of 1.02 and 1.03,
respectively, the CP and NDF concentrations after
storage are 18.4 (18 x 1.02) and 51.5 percent (50 x
1.03), respectively.

Theincrease in NDF concentration decreases
quality because intake of the alfalfa by ruminant
animalswill now be lower. Acid detergent fiber
(ADF) aso increases; this indicates that digestibility of
the hay after storage will be slight lower than that of
the freshly baled hay. Although theincreasein CP
content appears to be a good consequence, the total
amount of protein removed from storage is less than
the amount put into storage.

Another quality change occurring during storage
of alfalfahay concerns the acid detergent insoluble
protein (ADIP) (thisis sometimes called ADIN or
ADF-N if expressed on anitrogen rather than aprotein
basis). Thisproteinisunavailableto ruminant animals.

Characteristic Units Into storage Out of storage
Total weight Ib. 2000 1820
Moisture content % wet basis 18 12

Dry matter weight  1b. 1640 1600
Water weight Ib. 360 220

CP content % of DM 18 184
NDF content % of DM 50 51.5
ADF content % of DM 40 41.2
ADIP content % of DM 0.8 19
ADIP content % of CP 44 10.3

CP crude protein

ADF  acid detergent fiber (an indicator of digestibility)
NDF neutral detergent fiber (an indicator of potential intake)

ADIP &cid detergent insoluble protein
Note: Increasesin NDF, ADF and ADIP
indicate a decrease in forage quality
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Figure 2. Quality retention factors for untreated alfalfa hay
stored indoors as a function of moisture content at baling.

Formation of ADIP isdirectly related to heat
development. (The formation of ADIP is sometimes
referred to asthe Maillard reaction.)

Figure 3illustrates the effect of moisture content on
ADIP concentration. The relationship depends upon
stack size and shape and is presented here as any
example. Notethat the curve presents ADIP onadry
matter basis. Regardless of how ADIP isexpressed, heat
development, which isaresult of microbid activity, hasa
negative effect on forage quality. Most nutritionists
agreethat ADIP concentrations less that 10 percent of CP
do not significantly hamper anima performance.
According to Figure 3, thiswould correspond to about 18
percent moisture. In other words, baling hay at 18
percent moisture or less would not hamper protein
utilization.
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Figure 3. Acid detergent insoluble protein content as a

percentage of dry matter for untreated alfalfa hay stored
indoors as a function of moisture content at baling.

Conclusion

Hay producers and feeders need to be aware of changes
occurring to hay during storage. In afeeding program, it
would be best to take forage samples near the time of
feeding rather than at the time of baling so asto more
accurately reflect what the animal would be getting.
Similarly, purchased hay should be sampled & thetime
of the purchase for a better indication of the quantity of
dry matter being purchased aswdll asthe qudlity of the
purchase.
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