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Corn wet milling is an industrial process by which corn is fractionated into high value
products such as starch, protein, oil and fiber. Numerous studies have been performed with the
goal to characterize nutrients in each of the corn fractions. However, characterization of
nutrients in intermediate and waste streams has not been well documented and a detailed study of
the flow of valuable nutrients through the corn wet milling process has not been reported.
Knowledge on concentrations and flows of nutrients may provide insight on nutrient cycling in
the process and provide incentives for nutrient recovery as well as improving coproduct quality.

The objective was to (1) establish nutrient balances for corn wet milling and (2) perform
rilot scale work to evaluate biological waste treatment strategies to recover and recycle sulfur.
Nutrient balances were determined by sampling commercial wet milling plants and evaluating
nutrients contained in intermediate process streams. At 27 locations within the process, samples
were taken and characterized. Sampling included corn, intermediate process streams and
wastewater. Daily composite samples were obtained for 3 days during a 1 wk period, forming a
sample set. Four sample sets were obtained during a period of 18 mo for each wet mill. Samples
were analyzed for nitrogen compounds, phosphorus compounds, sulfur compounds, volatile fatty
acids, ethanol, elements, solids, acidity, alkalinity, pH, biochemical oxygen demand and
chemical oxygen demand. Sulfur (9,940 mg/kg sample) and nitrogen (101,000 mg/kg sample)
concentrations were highest for corn gluten meal. Steepwater phosphorus was 14,300 mg/kg and
volatile fatty acids were 33,200 and 6,060 mg/kg for lactic and acetic acid, respectively.

Based on informatior collected from initial wastewater sample analyses, a synthetic
wastewater was designed to represent waste streams generated by corn wet milling plants,
Performance of a laboratory scale Anaerobic Migrating Blanket Reactor was compared with a
conventionally used system, an Upflow Anaerobic Sludge Blanket reactor, in terms of reduction
of‘oxidized sulfur compounds to sulfide and overall waste treatment performance. Both systems
were operated in parallel. Analyses for sulfur and other relevant compounds in influent and

Hluent were performed during operation.
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Wet milling of corn results in primary products, such as high fructose corn syrup, as well
as coproducts such as corn gluten meal. Coproducts are important economically but variation in
nutrient composition reduces market value. Reducing variation in important nutrients, such as
protein, will increase value. Data characterizing processing streams will identify critical
processing steps that affect coproduct quality. The objective of this study was to characterize
process streams, in terms of nitrogen and phosphorus compounds, in the corn wet milling
process.

Nitrogen and phosphorus balances for wet milling were determined by sampling
commercial wet milling plants and evaluating levels of these nutrients contained in intermediate
process streams. Samples were taken at 27 points within each plant and characterized. Daily
composite samples were obtained for 3 days during a 1-wk period, forming a sample set. Four
sample sets were obtained during a period of 18 mo for each participating wet mill. Parameters
analyzed include nitrogen compounds (ammonium, nitrate, nitrite and total nitrogen) and
phosphorus compounds (orthophosphate and total phosphorus).

Steepwater exhibited high ammonium (317 mg/l} and orthophosphate (890 mg/1) levels.
Intermediate and waste streams showed low levels (<10 mg/l) of nitrate and nitrite. Corn gluten
meal exhibited high total nitrogen (101 g/kg). Steepwater exhibited high total phosphorus levels
(5.45 g/kg). There were variations in several processing streams that could account for much of
the variation iv coproducts. Strategies areneeded to modify streams and improve coproduct

quality.
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~ Sulfur dioxide (SO,) is used in the corn wet milling as a corn softener, a preservative, an
antioxidant and an inhibitor of browning. SO, is added in a gaseous from but dissolves into
water to form sulfurous acid, bisulfite or sulfite, depending on pH. Even though the various
processes involving SO; addition in the wet milling plant are well-described (1), little
quantitative information on sulfur use is available. Loss of SO, occurs due to reaction with corn
constituents, release to the atmosphere and release through wastewater or coproducts. However,
no quantitative data on sulfur release have been documented. Therefore, it becomes necessary to
construct a detailed sulfur balance to study sulfur recovery and optimization of sulfur use in wet
milling processes. The objective of this study was to characterize process streams in terms of
sulfur compounds in the corn wet milling process.

Sulfur balance for wet milling was determined by sampling commercial wet milling
plants and evaluating sulfur contained in intermediate process streams. Samples were taken at
27 points within each plant and characterized, Daily composite samples were obtained for 3
days during a 1-wk period, forming a sample set. Four sample sets were obtained during a
period of 18 mo for each participating wet mill. Parameters analyzed include sulfate, sulfide,
sulfite and total sulfur.

Steepwater exhibited high sulfate levels (270 mg/l). Process water (after sulfur dioxide
addition) showed sulfate and sulfite levels at 93 and 560 mg/l, respectively. Low levels of
sulfide (< 1 mg/l) were seen for intermediate and waste streams. Corn gluten meal exhibited
high total sulfur {9.94 g/kg). There were variations in severai processing streams that could
account for much of the variation in coproducts,

1. Blanchard, P.H. 1992. Technology of Corn Wet Milling and Associated Processes.
Industrial Chemistry Library, Vol. 4, Elsevier, Amsterdam, The Netherlands.
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