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Sweet Corn Waste: Forage Quality and Fermentation Characteristics
by Paul Dyk

Introduction

Sweet corn is enjoyed by people across the United
States. Some sweet corn is harvested and sold
directly to the consumer (i.e. corn on the cob). The
rest of the sweet corn is processed, packaged and/or
combined with other food products through a
processor.

The production of sweet corn is concentrated in certain
parts of the United States (see map below). The top
three states (Minnesota, Washington, and Wisconsin)
contain 47.8% of all acres harvested as sweet corn.
(Table 1). These three states send over 90% of sweet
corn acres to a processor. Of the top ten states that
harvest sweet corn in the US, three states (Florida,
California and Georgia) send almost all their
production directly to the consumer (no processor).

Sweet corn production produces byproducts that can
be fed to livestock. They include sweet corn stalks
(stalklage left on the field after harvest), sweet corn
silage (from bypassed acres that were not harvested),
and corn canning factory waste (sweet corn waste).
This fact sheet will deal exclusively with the sweet corn
waste.
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Table 1: US Sweet Corn Production (US Census 2007)
All Sweet Corn Sweet Corn for Processing
% of US % of All Total State]
State Acres Production Acres Sweet Corn Acres]
IMINNESOTA 114,471 18.4% 106,811 93.3%
WASHINGTON 91,977 14.8% 83,372 90.6%|
WISCONSIN 91,218 14.6% 83,644 91.7%|
NEW YORK 40,183 6.5% 19,644 48.9%|
FLORIDA 39,622 6.4% 12 0.0%
(OREGON 27,825 45% 23,158 83.2%|
CALIFORNIA 24,866 4.0% 0 0.0%
GEORGIA 23,045 3.7% 0 0.0%
ILLINOIS 18,615 3.0% 12,130 65.2%|
PENNSYLVANIA 17,219 2.8% 2,351 13.7%

What are the physical characteristics of
sweet corn waste?
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When sweet corn is harvested, the entire ear with husk
is harvested. At the processing facility, the corn
kernels are removed. The remaining portion is the
sweet corn waste (SCW). It will contain tops of plants,
husks, cobs, culled ears, and some kernels. The
amount of each in the SCW will depend on the
processing equipment, corn variety and maturity,
growing conditions for the sweet corn, and equipment
operators.

In Wisconsin, a lot of the SCW is fed to cattle. Some
processors will store the SCW and resell at a later
time. Other processors send SCW directly to farms
(often through an intermediary contractor). Low dry
matter content (20-25%) and physical characteristics
can make it more challenging to store than traditional
corn silage. It also can lead to a high volume of
leachate; the storage sites of SCW for more than 150
tons must meet specific design requirements including
the collection of leachate (Wl DNR— Administrative
Code NR 213.13). Another challenge of SCW is the
physical form. SCW is not run through a forage
harvester like corn silage and therefore contains
leaves/husks that are about a foot long. These long
pieces make the SCW stringy, fluffy, and difficult to
pack well in a bunker.
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What fermentation products are present in

What are the feeding characteristics of
sweet corn waste?

sweet corn waste?

The fermentation analysis shows a high level (>3%) of
acetic acid in all the SCW samples; samples 3 through
have levels above 5%. Typical acetic acid levels in
corn silage would range from 1.0 to 1.5%. According
to Dr. Richard Muck, US Dairy Forage Research
Center, the presence of propionic acid in half of the
samples together with elevated acetic and no butyric
acid definitely suggests naturally occurring
Lactobacillus buchneri plus Lactobacillus diolivorans.
The L. buchneri produce 1,2-propanediol and acetic
acid from consuming lactic acid. The L. diolivorans
convert the 1,2-propanediol to propionic acid.

Laboratory analyses and management
recommendations for SCW are limited. In order to
better understand the feed value of SCW and to
develop management recommendations for using
SCW as a livestock feed ingredient, a small project
was undertaken. Samples from nine farms (10
samples) were collected in February of 2009. They
were analyzed by the UW Soil and Forage Analysis
Laboratory in Marshfield, WI. Samples were analyzed
using wet chemistry and summarized in Table 2.

The lab analyses of the samples were variable. Dry
matter ranged from 19.8% to 29.9%. Major chemical
analyses (protein, carbohydrate, fat and mineral
components) showed this same variability.

Table 2: Sweet Corn Waste Project Laboratory Results
Sample #: 1 2 3 4 5** 6** 7 8 9 10 AVG
Processing Source A*** B A B C C B&C D D D
DM (%) 19.78 2238 2266 2985 23.14 2420 21.86 1931 2684 22.82] 23.28
Moisture (%) 80.22 77.62 7734 70.15 76.86 75.80 78.14 8069 7316 77.18] 76.72
Crude Protein (%) 9.80 11.10 9.80 910 11.20 11.80 11.00 900 1170 10.80] 10.53
NDF (%) 63.68 62.86 6886 6740 61.84 62.43 66.05 6690 5527 61.73] 63.70
NDFD (% of NDF), 48 hr ~ 68.12  64.59 7119 7413 66.75 69.01 78.30 6234 70.18 81.38] 70.60
Non Fiber Carb (%) 13.47 16.77 1692 1965 22.22 17.81 20.06 1727 2426 22.68| 19.11
Fat (%) 4.25 5.83 381 3.89 3.97 4.68 3.57 3.79 5.77 3.58] 4.31
TDN (%) 63.74 68.96 7172 7477 70.95 70.47 77.86 6422 7475 78.70] 7161
Nel (Mcals/Ib) 0.65 0.71 0.74 0.78 0.73 0.73 0.81 0.66 0.78 0.82] 0.74
)
)
)

NEM (Mcals/Ib 0.68 0.78 0.82 0.88 0.81 0.80 0.93 0.69 0.88 0.94] 0.82

NEG (Mcals/Ib 0.42 0.50 0.54 0.58 0.53 0.52 0.63 042 0.58 0.64] 0.54

ME (Mcals/Ib 1.08 1.19 1.24 131 1.23 1.22 1.37 1.09 131 139 1.24

Relative Forage Quality 131 137 144 157 147 148 173 119 174 189] 152
Milk/Ton (Ibs) 3073 3420 3668 3908 3579 3563 4159 3061 3878 4239] 3655

P (%) 0.24 0.29 0.25 0.17 0.27 0.23 0.27 0.18 0.26 0.30] 0.25

Ca (%) 0.15 0.14 0.14 0.22 0.05 0.05 0.28 0.06 0.08 0.29] 0.15

K (%) 0.88 0.69 0.64 0.51 0.71 0.66 0.75 0.52 0.79 1.16] 0.73

Mg (%) 0.18 0.14 0.16 0.17 0.15 0.13 0.18 0.09 0.14 0.25] 0.16

Ash (%) 12.37 732 492 3.83 4.54 7.33 3.63 6.81 5.99 4.83] 6.16
Fermentation Anaylsis

pH 4.20 3.70 3.90 3.90 3.90 3.80 4.00 3.70 3.60 3.80] 3.85

Lactic Acid (%) 1.21 6.60 2.04 2.37 2.13 2.46 2.39 456 5.16 6.49] 3.54

Acetic Acid (%) 3.16 313 5.98 6.57 6.85 5.32 6.75 3.09 3.78 397] 4.86
Propionic Acid (%) 0.68 <001 <0.01 1.15 0.46 0.45 0.47 <001 <001 <0.01
Butyric Acid (%) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ethanol (%) <0.01 5.48 3.98 0.65 3.19 1.88 5.44 211 2.55 2.47] 3.08
Ammonia-N as % of CP 4.35 6.73 747 6.05 8.94 6.48 9.21 404 514 10.79) 6.92
Total Acids (%) 5.05 9.74 801 10.09 9.44 8.22 9.61 7.65 894 1046| 8.72
Lactic:Acetic Ratio <0.38:1 2.11:1 <0.34:1 <0.36:1 <0.31:1 <0.46:1 <0.35:1 1.48:1 136:1 1.63:1
Lactic (% of Total Acids) 23.96 67.84 2541 2348 22,55 29.85 24.88 5962 5771 62.00] 39.73

**Allsamples were from differentfarms except sample 5 and 6 (different s pots in one large bunker)
***AllProcessing Plants were in Fond du Lac or Sheboygan Counties; Sweet Corn may have originated in other parts of WI|
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The fermentation analysis also shows elevated levels
of ethanol in all but two of the samples. Normal
ethanol levels in corn silage are about 1%.
Fermentative yeasts may be using sugar left after
fermentation; these yeasts would have the ability to
grow in low pH. This fermentation would occur after
lactic acid bacteria fermentation but before L. buchneri
have developed.

Sweet Corn Waste in Bunker (samples 5&6)

What are the implications for feeding
dairy cattle?

d. Farmers purchasing SCW from outside sources
should be sensitive to variation in this byproduct.

e. Prices paid for SCW should be adjusted for quality
if possible.

f. When SCW is purchased at harvest time, dairy
producers should be prepared to feed SCW to
non-critical, less sensitive groups such as heifer or
far-off dry cows. If the SCW goes through a
fermentation cycle that results in high ethanol or
acetic acid levels, the forage may not be suitable
for transition dairy cows (around calving) and high
producing dairy cows.

How should sweet corn waste be managed?

Based on the results of these analysis,
recommendations for feeding SCW to dairy animals
are as follows:

a. The variability in the lab analyses point to the need
to test and monitor SCW just as nutritionists have
monitored other fermented forage sources.

b. Fermentation byproducts should be monitored in
addition to standard chemical analyses.

c. High levels of acetic and ethanol may be a concern
in SCW if the feeding rates are significant or the
feeding group is sensitive to these compounds.

Phone calls were made to farms involved in the survey
to ascertain potential differences in the fermentation
analysis between samples. The SCW in this survey
came from four different processing plants in eastern
Wisconsin. The sweet corn processed may be local to
these plants or come from other parts of the state.

All farms indicated that they did not use any bacterial
inoculants or chemical preservatives (no information
was available for sample 2). Three farms (Sample 3,
7, 10) layered their SCW underneath corn silage
(Picture 2). The SCW from all samples was stored in
either a bunker or pile.

Corn Silage

Sweet Corn Waste ‘ i

Picture 2: SCW Under Corn Silage (Sample 7},’)

Table 3: Comments from Producers on Packing of SCW
SCW with High Acetic Acid Levels (Sample 3 - 7)

Sample 3 -pack with 100 HP tractor

Sample 4 -contracted packer did not pack well at all, we had spoilage

Sample 5&6 (same farm) -bunker duginto hill; SCW dumped into bunker from the top; no packing
Sample 7 -wedon't pack SCW until we put regular corn silage on top

SCW with Moderate Acetic Acid Levels (Sample 1,2,8,9,10)

Sample 1 -pack pile from one end to another, esp on sides, pack a lot asit comes
Sample 2 -no infoon packing

Sample 8 -we continully pack alot

Sample 9 -we pack and pack; only 2inches of visible waste ontop withno cover
Sample 10 -we pack it well before we add the corn silage on top
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Anecdotal information on packing practices seemed to
be the most intriguing (Table 3). Three out of four
producers with SCW that had the highest levels of
acetic acid indicated the SCW was not packed at all or
not packed well. Four out of the five producers with
SCW that had lower acetic acid levels insisted they
packed well and often (the other producer purchased
SCW offsite and was not knowledgeable of how it was
packed). All producers pointed out the fact that SCW
is difficult to pack.

The farmer comments point to the idea that packing
likely plays an important role in how the SCW
ferments. The presence of oxygen and secondary
fermentation processes seems to influence the
fermentation analysis. Producers will need to evaluate
the economics of packing inexpensive SCW and the
potential benefits.
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