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ABSTRACT

The research was designed to test and/or develop new systems of washing,
peeling and blanching, develop methods of utilization of solid wastes, and
find ways to reduce wastestrength of effluent without affecting quality of
vegetables for processing. The highest wastestrength of effluent from vege-
table processing in the region was found in plants that were canning Irish
potatoes, dry beans and hominy. The high volumes of water used for washing
spinach and leafy greens and the physical damage to the washed product is one
of the major problems. Repetitive washing of spinach in the same water did
not affect quality as long as there was sufficient rinsing after the second
wash. The levels of COD, TSS, TS, SS, POy, and N03 did not build up to pro-
hibitive levels by the reuse of water as long as adequate make-up water was
added. Steam blanching, which leaches out much less soluble constituents,
can be substituted for water blanching by using appropriate times and
temperature for different vegetables. The greater retention of nutrients in
steam blanched vegetables was demonstrated in different vegetables grown and
processed under different conditions. Data from research on the canning of
dry beans indicated that the high wastestrength can be reduced by shortening
the soaking time, controlling the temperature of soaking and processing with-
out blanching without changing the quality appreciably. It appears that the
present method of hominy preparation and processing can be altered to reduce
pollution. By dipﬁing corn in 10% lye solution, followed by heating and scrub-
bing, corn can be peeled and bleached efficiently. Most of the heavy solid
waste can be isolated before the final rinse of the peeled corn. The proto-
type leafy greens washing system decreased the use of water by 70% on spinach,
turnip greens and mustard. Water quality data showed that wastestrength of the
effluent from washing was reduced over 50%, as compared to industrial washers,

primarily due to less physical breakage. Less nutrients were leached out in



greens washed by the experimental washer than the industrial washer. High
alkalinity solid wastes from peeling lrish and sweet potatoes can be fermented
and stored as long as 9 months without any great change in carbohydrates and
total dry matter. There was an increase in sugar content and a decrease in
starch content during fermentation. The quality of the sweet potato waste
appeared to be excellent after storage when mold inhibitor was sprayed on vats.
Irish potato waste storage created more odor problems unless the fermentation

temperature was controlled at 25 to 30°C.
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INTRODUCT ION

One of the major users of fresh water in the United States is the food
processing industry. Cleaning, washing, peeling and blanching of vegetables
by the present methods requires large volumes of water which carry soil, solid
materials, sugars and other soluble constituents that have to be removed by
screening, settling tanks, aerated ponds, activated sludge, landfills and other
methods. The National Canners Association estimated that by 1980 there would
be 100 billion gallons of wastewater discharged from food processing plants
carrying with it 500 million tons of Biochemical Oxygen Demand (BOD) 250 million
tons of Suspended Solids (SS) and 10 million tons of solid residuals (24),

Changes in processing methodology (washing, blanching, cooling) and reuse of
water to meet the EPA guidelines probably will reduce these original estimates
significantly. Nevertheless, disposal of liquid and solid wastes will continue
to be costly to the food industry apd thus the consumer.

The effluent limitation guidelines require that food industries apply the
best available control technology economically feasible by 1983 (12). The act
strives to accomplish zero discharge, the complete elimination of all discharge of
pollutants to navigable waterways as a national goal by 1985. A number of methods
for reducing wastes have been established such as improved processes for degrading
liquid waste, better screening of suspended solids, conservation of water, recycling
of water, development of useful by-products from liquid and solid wastes, etc. (13).

Bough (7) found the composite load of water, BOD, and SS from a commercial
leafy greens canning operation to be 17%, 28% and 14%, respectively of the total
waste strength. Certain methods of washing snap beans can reduce water use as
much as 100% (10). Variations in water use for peeling and washing potatoes
have been recorded from 468 to 2500 gal/ton (2,10,35). Peas required from 432

to 1200 gal/ton of water for cleaning, washing and fluming (35).
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Peeling of root crops has been accomplished by a number of methods such as
hot lye solutions, steam, mechanical abrasion, exposure to flame and infrared
radiation. Dry caustic peeling has been shown to remove peel with less product
loss and lower volumes of water and lower BOD than conventional methods (9,1;23)
In sweet potatoes, a 50% reduction in water use and BOD was reported by the dry
caustic method (33).

In a comparison of four blancher designs including water, steam hydrostatic,
vibratory spiral and hot-gas, the hot-gas method produced the lowest wasteload
(3). The energy efficiency of hot-gas was an improvement over steam (3,26,27).
However, the low capital investment of water blanchers has continued to be an
attractive feature (3). Using air as a means of heat transfer for blanching
reduces water use and loss of solids by leaching (17). The use of microwave
blanching for vegetables retained equal or greater chlorophyll and ascorbic
acid than conventional methods but it was not practical because of large capital
investment and low energy efficiency (26).

Large volumes of water are required to cool vegetables after blanching.
However, Bomben (5) demonstrated that either forced air plus spray cooling or
forced air alone reduced solids loss when compared to water cooling. Cooling of
vegetables for canning is not always necessary nor is it economically feasible.
Forced air cooling was found to be as effective as air in combination with water
spray although a limited amount of water prevented dehydration of the product.
Blanching and cooling have been combined in recent years in a vibratory blancher-
cooler (6,8).

There were four objectives of the present research as follows:

1. To develop and test systems of dry and wet cleaning of raw
vegetables for processing.
2. To evaluate and/or develop new techniques of peeling and

blanching for vegetables.



3. To determine the most efficient methods of (1) utilization of
solid wastes and (2) reduction of BOD in liquid wastes.
L., To determine the effect of these techniques on quality of water

and quality of processed product.

MATERIALS AND METHODS
Initially, a survey was made in the spring of 1975 of the processing plants
in the Ozark region to evaluate the methods of cleaning, peeling and blanching
of vegetables. Also, the effluent from different processing plants was monitored
to determine normal waste loads during operation. From the evaluations and from
discussions with management the following operations appeared to be the most
critical, contributing significantly to the wastestrength of the effluent and
control of solid wastes: 1) Washing and cleaning; 2) blanching and cooling; 3)
high alkalinity peeling wastes from peeling Irish and Sweet potatoes, and corn for
hominy; 4) removal of suspended solids from effluent; and 5) excessive use of
fresh water.
Six major areas of research were pursued during the four years of the project:
I. Monitoring of water quality of effluent (BOD, COD, SS, TS and settleable
solids) periodically in different plants to aid in the solution of problems
that developed on different products during the application of new techno-
logy to reduce wastestrength of the effluent.

Il. Research on (a) steam and water blanching (b) cooling vs no cooling of pro-
duct after blanching and (c) wash water volumes with and without detergent
on canned green beans, spinach, turnip greens, mustard greens and kale
greens.

I'1l. Research on bean types, including soaking times, soaking temperatures and
chemical treatment to evaluate ways of reducing wastestrength of effluent

from canning dry beans.



IV. Research on new methodology for peeling and bleaching corn for the
manufacture of hominy to reduce wastestrength of effluent.

V. Evaluation of a new washing system for spinach and leafy greens.

VI. Research on fermentation, handling and storage of Irish and Sweet potato

high alkalinity peeling wastes for animal feed.

Raw product, sampling and methods of analysis

I. The water samples were taken from different steps of operation in the
processing plants to determine not only where the greatest wastestrength
was produced, but effectiveness of new screening technology, chemical
treatment and mechanical separators. |t was from this cooperative effort
with plant management and control personnel that the greatest feedback on
waste management was obtained. Water samples were taken of effluent
from processing spinach, leafy greens, fried shoestring potatoes, canned
Irish potatoes, green beans, dry beans and hominy. The grab samples were
taken from the different steps in the operation and analyzed by Standard
Methods for the examination of water and wastewater (1) for Biochemical
Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Total Suspended Solids
(TSS), Settleable Solids (SS) and Total Solids (TS).

Il. The raw material for the processing methodology was obtained from three
different processing plants and from plots on the Main Experiment Station,
Fayetteville, AR. The raw product was prepared by sorting, washing, blanch-
ing, cooling and freezing or canning. Detailed procedures are recorded in
the separate published articles (appendix A-1,A-2,A-3). For this study a small
reel-type washer was adapted for use as a washer and steam blancher. Five
spray nozzles were interchanged between lots to obtain 3 rates of water
flow and the reel could be enclosed to serve as a rotary steam blancher.

Separate studies were conducted on spinach, turnip greens, green beans and
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kale to study the effect of volume of water, detergent, blanch temperature,

type of blancher, blanch time and cooling on water and product quality.

Water samples were analyzed by Standard procedures (1) for COD, TSS, SS,
and TS. The canned and frozensamples were rated by a 6 member sensory panel for color,
texture and general appearance. Other determinations were drained weight, liquor
color, ascorbic acid, nitrates, shearpress, grit and sand, and color by the
Gardner Color Difference Meter. On frozen spinach and greens the analyses were
confined to ascorbic acid and color.

The drained weight of canned products was obtained by draining the contents
on an 8-mesh screen for 2 minutes and weighing. Liquor color was obtained by
centrifuging samples of liquor and reading the optical density (0D) at 475 nm.
Nitrates and phosphates were determined on a aliquot of the liquor of canned
product by standard procedures (1, appendix A-1) Ascorbic acid was determined
by weighing a 259 sample of product and blending in 100 ml of 1% oxalic acid,
then filtering and following the procedure of Morell (22). Color was determined
on both the whole processed product and a 1:1 blend of product and water by a
Gardner Color Difference Meter using standard plaques to standardize the instru-
ment. Grit and sand were determined by washing away the pulp of a 150g sample
of blended canned spinach by a gentle stream of water in a 600ml beaker. The
water was decanted and the grit and sand transferred to a tared pan, dried at
100°C, and weighed to obtain the dry residue. Resistance to shear was determined
on 150g of the drained product using a Food Tech. Corp. Model Tp-1A shearpress.
I1l. The dry bean research was conducted on 3 bean types (Navy, Pinto and Red

Kidney), 3 soaking times (3, 6 and 14 hours), 3 soaking temperatures (15,

25, and 35°C), 11 soaking treatments including citric and malic acids, and

ethylenediaminetetracetic acid (Na salt) at 3 concentrations with tap and

deionized water as controls and 3 storage times of canned product.



Detailed procedures of the research,method of processing and methods for
wastewater and canned product analyses,are given in the appendix B-1).

The corn was obtained from one of the local processing plants. The corn

was weighed out in 200g lots and peeled by 2 methods, the standard com-
mercial method which involves cooking the corn in a solution of approximately
1.5% caustic soda for 30 minutes and a dip method in which lots of corn were
dipped in 10% lye solution for different times followed by heating in steam
for different time periods. Peeling was accomplished by stirring in a per-
forated stainless steel basket under a spray of water. Bleaching was
accomplished either by heating the peeled corn in a solution of NaHS03 or
HC1. After further cooking of the peeled corn (30-45 minutes) the hominy

was canned according to NCA recommendations.

Water samples were analyzed for SS, COD and TSS as described above. The

canned product was rated by a 6 member sensory panel and colorand firmness were

determined as described in Section 11.

V.

The research on washing of spinach and leafy greens using the prototype
washing system obtained on a license agreement from EPA, Cincinnati, OH was
conducted in the spring of 1978 and 1979. The washing system was developed
by the Agricultural Engineering Department of Virginia Polytechnic Institute
and was loaned to the University of Arkansas and Steele Canning Co. for test-
ing and demonstration. The equipment was transported to Springdale, AR and
installed adjacent to one of their processing lines at their expense. The
capacity of the washing system is 4-5 tons/hour. Details of the design of
the system have been previously described (18,36,37).

The commercial processing line normally runs 10 to 12 tons/hour of spinach
and leafy greens. During the experimental runs 1/3 of the product 3-4 tons/

hour was diverted to the experimental washer. Water samples and raw
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product samples were taken at 30 minute intervals from 4 sites from both
commercial and experimental washers. Water samples were sealed in poly-
propylene sterile bottles and preserved until analyses were made. The

raw product samples were collected at the discharge end of the washers

and transported to the Horticultural Food Science pilot plant (6 mi dis-
tance) for water blanching, cooling and canning and/or freezing. Standard
commercial procedures were used for these operations. Separate samples of
canned product washed by the two methods could not be obtained from the
processing plant since all washed product was combined before proceeding

to the water blancher.

The methods for wastewater analysis have been described under section |

The types of determinations and methods of analysis on the canned and

frozen product are described under section Il above. Total plate counts were

conducted on water samples by standard methods (1).

Vi,

This research has been conducted over a L-year period; that is , various
phases of the work. Initially, studies were conducted on time and temp-
erature of fermentation with and without aeration by an air pump. A

major study during 1976-77 involved time and temperature of fermentation
of Irish potato wastes under aerobic and anaerobic conditions. Bacteria

were isolated and identified during the stages of fermentation at different
PH levels. Part of the results of this study are recorded in a Master's

thesis, Appendix D-3, and two published articles (Appendix C-1, C-2).

RESULTS AND DISCUSS 10N

Monitoring of water quality of effluent.

The effluent from vegetable processing plants in the region was monitored

for water quality, samples being taken from the major steps in production. An

average of these analyses taken at different times is shown in Tables I-1 to 1-8.
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1975, practically no recycling of water was carried out in the region. However,
since 1975 different plants have drastically reduced consumption and more and
more recycling of water is the general practice. Most of the plants discharge
water into municipal systems and thus volume of water as well as SS and BOD are
important in calculating surcharge rates.

From the data in Tables I-1 and |-2 it can be seen that peeling and
preparation of potatoes produced high wastestrength effluent that is high in SS.
This necessitated an efficient screening operation and starch recovery in order
to reduce wastestrength. The highest wastestrength in green heans was produced
by blanching (Table 1-3), and much of the research on this project has been direct-
ed toward alternate blanch methods (Section I1). Preliminary tests showed that
soaking and blanching of dry beans were the two major operations that contribute
to wastestrength of the effluent from canning dry beans (Tables I-4 and I-S). Re-
search findings have demonstrated that a high percentage of the wastestrength can
be eliminated by reduced soaking times and eliminating blanching without affecting
product quality (Section I11).

The present method of peeling and preparation of hominy produces the highest
wastestrength of any process studied (Table 1-6). We have discussed alternate
methods with processors based on research results on this project that would
drastically reduce this pollution (Section IV). Most of the wastestrength from
canning spinach and leafy greens continues to be produced by washing and blanching
(Tables 1-7), 1-8). Because of the research on this project (Section Il and V),
much of it in cooperation directly with industry, the washing and blanching systems
will be altered. The present washing system breaks up the leaves and stems badly,
thus releasing more soluble constituents to the effluent. This also produces more
loss of soluble constituents as well as nutrients during blanching and cooling

(Section 11, V).



Other monitoring of water quality of effluent from processing plants has
been in conjunction with new screening equipment, recycling of water and cyclone
separators for suspended solids. Also, preliminary research has been conducted
on flocculants for removal of suspended solids from effluent from dry beans,
hominy and potato processing with subsequent testing of the water (data not

shown).
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Table I-1. Water quality of effluent at different stages of
preparation of lrish potatoes for fried potato

sticks.?

Total Suspended Settleable

solids solids solids coD
Operation mg/ | mg/1 ml/1 mg/ 1
Washer 780 200 30 200
Abrasive peel Lo 1780 60 Los0
Slicing 1600 140 6 1250
Washer (slices) 2760 360 12 2500

Total flow

Z Production capacity - 8500-9000 1b/hr.
Water usage - 8,040 gal/hr.

Table 1-2. Water quality of effluent at different stages of
preparation of lrish potatoes for canning.?

Total Suspended Settleable

solids solids solids cobD
Operation mg/| mg/ | ml/1 mg/ |
Washer 675 184 26 410
Scrubbers 3100 1128 140 1756
Flume 784 104 12 608
Total flow 2376 264 76 1262

Z Production capacity - 400 cs/hr, 6/10 cans.
Water usage - 12,950 gal/hr.



Table 1-3. Water quality of effluent at different stages of
preparation of green beans for canning.?

Total Suspended Settleable

solids solids solids CcoD
Operation mg/1 mg/1 ml/1 mg/ |
Washer 120 0.6 8 80
Blancher 4205 15 26 3150
Cooling 214 0.8 12 165
Total flow 1425 1.8 17 384

% Production capacity - 18 tons/hr
Water usage - 17,500 gal/hr.

Table I-4. Water quality of effluent at different stages of
preparation of Red Kidney dry beans for canning.?

Total Suspended SettTeable

sol ids solids solids coD
Operation mg/ | mg/ 1 ml/1 mg/1
Soaking 2640 310 9 2124
Fluming 3104 270 1 2396
Blancher 11040 890 21 9927
Total flow 4284 360 14 3310

2 Production capacity - 450 cs/hr-24/300 cans.
Water usage - 11,900 gal/hr.



Table 1-5. Water quality of effluent at different stages of
preparation of pork and beans for canning.?

Total Suspended Settleable

solids solids solids cob
Operation mg/ mg/ | mg/ mg/ 1
Soaking 4978 420 16 4540
Fluming 5214 490 17 2824
Blanching 10800 1080 L1 9386
Total flow 4380 L60 14 3760

z
Production capacity - 440 cs/hr-24/300 cans.
Water usage - 11,500 gal/hr.

Table 1-6. Water quality of effluent at different stages of
preparation of hominy for canning.Z

Total Suspended Settleable

solids solids solids cob
Operation mg/ | mg/ | mg/ 1 mg/ |
Peeling 64200 L4080 1240 59800
Bleaching 12400 10140 245 9876
Cooking 7940 3570 87 5766
Fluming 4160 2194 68 3570
Total flow 24800 17840 292 18960

Z Production capacity - 410 cs/hr-24/300 cans.
Water usage - 10,600 gal/hr.



Table 1-7. Water quality of effluent at different stages of
preparation of spinach for canning.

Total Suspended Setteable

solids solids solids coD
Operation mg/ 1 mg/1 mg/ 1 mg/ 1
Washing 792 480 3.2 386
Blanching 1770 848 10.8 1134
Cooling 247 122 0.6 81
Total flow 591 487 2.8 284

Z Production capacity - 10 ton/hr.
Water usage - 18,200 gal/hr.

Table 1-8. Water quality of effluent at different stages of
preparation of turnip greens for canning.?

Total Suspended Settleable

solids solids solids cob
Operation mg/ 1 mg/1 mg/ mg/1
Washing 473 124 0.9 248
Blanching 804 486 1.7 671
Cooling 148 73 0.2 72
Total flow Lie 314 0.4 269

Z Production capacity - 10 ton/hr.
Water usage - 17,900 gal/hr.
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I'l. Washing, blanching and codling.

Most of the research data conducted on wash water volumes, detergent, blanch
method, blanch time and cooling has been published (Appendix A-1, A-2, A-3, A-4).

One additional study on turnip greens indicated that steam blanching could
be substituted for water blanching without greatly affecting quality of canned
turnip greens (Table 11-1). Shearpress values, ascorbic acid and liquor color
were higher on steam blanched spinach and stemminess was rated lower by a sen-
sory panel as compared to water blanched samples.

The use of detergent resulted in slightly darker canned product as shown
by the 'L' values. This was reflected in lower color scores by the sensory panel.
Also, the product was slightly tougher as measured by the shearpress and higher
in ascorbic acid. Higher water volumes decreased 'a' value indicating less green-
ness, and the product was less firm as shown by lower shearpress values.
Furthermore, the canned product that was washed in greater volumes of water was

rated lower in color. Greater physical damage to the raw product by the use of larger
volumes of water during washing apparently did significantly affect quality of

canned turnip greens.

An additional series of experiments were conducted to measure the change in
water quality with repetitive washing,blanching and cooling lots of spinach. Rinse
water after the 2nd wash was added to the 2nd recycle tank and water levels main-
tained in the other tanks by movement of a constant volume from d to a tanks.

During the first washing experiment (Table I11-2) there was a gradual increase in

TS, TSS and SS. The recycle tanks built up more slowly in these constituents.

There was a steady increase in nitrates in all tanks with no indication of leveling
off. The COD build up in the washing tanks was fast initially, but after a few

wash cycles it appeared to level off or increase at a very slow rate around 300 mg/1I.

The first blanching and cooling experiment (Table 11-3) showed a steady increase
in TS but there appeared to be a leveling off after 22 batches. The rate of in-

crease for TS was slower in the cooling water. There was a slow build up of TSS
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and SS with the rate being slower in the cooling water. This particular experiment
was conducted in two parts. The first part included samples 1-10 on the first day.
The following day samples 11-22 were completed. The tanks of blanch water and

cool water were left to stand overnight and the same waters used on the second day
of the experiment. For this reason, the bacteria had a chance to reduce the organic
compounds overnight thereby causing a sharp decrease in nitrates and COD. There

was a steady rate of increase in both nitrates and COD on each day with the blanch-
ing water increasing in greater amounts than the cooling water.

The second washing experiment showed basically the same trends as in Table 1[-2.
TS, TSS and SS increased slowly with little accumulation (Table 11-4). Nitrates
steadily increased with some indication of leveling off. The settling tank remained
low in nitrates. COD levels were relatively high initially, but there was no great
increase after the first 5 batches.

The second blanching and cooling experiment (Table 11-5) showed basically the
same results as in Table I1-3. TS steadily increased with a slight leveling off
after 7 batches. TSS and SS increased slowly with little build up. Nitrates and
COD showed a steady rate of increase with no sign of leveling off.

The results of the steam blanching and cooling experiment using different blanch
times showed an irregular pattern in TS TSS, COD and nitrates. There was a de-
crease in nitrates and COD up to 2 minutes of blanching in steam, then very little
change to 4 minutes (Table 11-6). Values for cooling water did not relate to blanch
time.

In canned spinach from the same lots, there were no differences indicated
with regard to either drained wt, shearpress, nitrates, organoleptic panel ratings
or 0D of liquor (Tables I1-7 and 11-8). The CDM 'a' value indicated a slight de-
crease in greenness with each blanch cycle for the first blanching experiment
(Table 11-7). No difference was detected between cooling and not cooling. How-

ever, the CDM 'a' value in the second blanching experiment (Table I1-8) indicated
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an increase in greenness in blanch cycles 7 to 10. In any event there did not
appear to be any great change in quality with repetitive washing, blanching and
cool ing.

Neither steam blanching time nor cooling had any effect on drained wt,
shearpress, or 0D of liquor of canned spinach (Table 11-9). Blanched samples
that were not cooled contained slightly more nitrates than did blanched, cooled
samples (Table 11-9). This indicates that the cooling water leached out addi-
tional nitrates from the spinach. The taste panel ratings seemed to indicate
better color, texture and flavor with shorter blanch times. No difference was
detected due to cooling. The CDM 'a' value also showed slightly more greenness

in the samples with shorter blanching times.



Table 11-1. Effect of detergent wash, volume of wash water and blanch method on quality of canned turnip greens.

Liquor
Hunter CDM Drained Shearpress Sensory Panel Ascorbic acid color
Main effect L a b wt (g) 1b/150g Color Stemminess Texture mg/100g 0.D. 475nm
Blanch
Water 22.99 .74 12.15 301.7 770 6.84 6.19 6.70 20.18 .183
Steam 22.85 .65 12.07 306.9 786 6.76 5.82 6.67 28.03 241
F Value 1.90NS 3. 78NS 2.21NS 2.61NS 4, 33 1.21NS 11,52%% 0.06NS 367.45%* 65.78%*
Detergent Wash
Control (H20) 23.02 .72 12.16 302.7 771 6.89 611 6.73 24,55 211
0.5% Metzo 22.88 .67 12.05 305.9 786 6.71 5.90 6.64 23.67 .214
F Value h.91% .86NS 3.73NS 1.03NS 3.84* 5.54%* 3.89NS 0.41NS L .65%* 0.11NS
Volume of Wash
Water 1/min
1 22.80 .86 12.03 302.5 805 6.95 6.05 6.69 24.07 .205
3 23.01 71 12.14 302.9 766 6.79 5.96 6.69 24.13 .213
10 22.94 .51 12.16 307.5 763 6.66 6.00 6.68 24.13 .220
F Value 0.99NS 16.36%*=* 1.92NS 1.0INS 12,73%=* 4 95% 0.22 0.001 0.01NS 1.38NS
* Significant at 5% level.
Significant at 1% <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>