DRY BEAN SOAKING AND PROCESSING

Oy heans are processed using a standard soak procedure. All hlack ar calaored beans are ta he segregated from white beans
during soaking. Individual nylan bags (&) are agdgredated into large nylon mesh bags and are designated into "soak lots"
Capproximately: 25 bags in each)

Soak conditions
fnitial Colfd Soak: 30 minutes at 25°C (ambient temperature) for nawy, great nothern, pink, and small red beans. Owernight
soak (12-14 hours) at 25°C (ambient ternperature) far kidney, cranberry and pinto beans. Use large plastic containers (B) for
this initial soak (B0 h capacity).

Final Hot Soak: 20 minutes at 87.2 *C for all hean market classes. Cold soaked beans are transferred to an indirect steam
heated temperature controlled water bath blancher (C) and maintained at 37.8°%C. Beans are maintained submerged under the
sutface. Temperature of this soak will be maintained by a steam controllesfregulator and water temperature will be monitored.

Soak water: Calcium ion concentration directly influences textural properties of processed heans and therefore must be
controlled. Lse of ¥5-100 ppm calciom ion has heen demonstrated to be optimum for quality evaluation. We use 100 ppm
Calcidrm in hoth our hot and cold soak watar,

Cooling and Draining Soaked Beans
Soaked beans will be cooled by subrmersion for 3-8 minutes in a large cantainer of cald tap water (D). Cooled beans will be
retmaved from caoling water and drained on perfarated racks. Each bag of heans is spread aut flat ta facilitate uniform drainade.

(A) (B) (D)




Can Filling and Weight Gain During Soaking
Contents of nylon bads (soaked beans) should be opened and rapidly transferred to |abeled 303 ¥ 406 cans atter draining for

approximately 10-15 minutes. Cans are kept covered with the mesh canning baas (Ey until weighing to prevent moisture loss.

Tare of Baiance and Cans: Determine the mean tare weight of the empty cans by sweighing & cans (without lids). Tare
halance to accommodate the median can sweight. Weiah all soaked beans after filing the cans and record weights.

Brining and Exhausting

Gently bailing brine (F) will be used to cover the beans in the cans. This brining will be perfomed immediately prior to the
thermal exhaust. Hand dip hot hrine and fill cans atter they are placed on the exhaust box conveyar {G). Exhaust box
temperature is maintained at 98.9 — 100°C.

Brine Preparation: Basic farmulation: 100 ppm Ca?, 5.67 g/lb H,O of salt, and 7.09 g/lb H,O of sugar.

Sealing and Processing
The cans of beans should be hermetically sealed immediately upan remnoval from the exhaust box(HY. We use a Dixie Canner
mMaodel UD-AL. Transfer sealed cans to the retort hasket{l). Stack cans unifonmly in the basket.

Process Schedule: ent— 2 minutes, hold through come-up time. Process — Heat at 115 6°C for 45 minutes. After the 445
tminutes of heating is cormplete a 15-minute cooling cycle beagins. Cold running water (35°C) is farced aver the cans during this
stage. The retortis equipped with a temperature-recording chart and is operated by qualified personnel. Processed cans are
retmaved from the retart, and then towel dried and turned label-side up on a takletap.

Can Storage
Dried processed cans are placed in storage at ambient temperature for a minimum of two weeks, After this two weelk period the

cans may be opened and evaluated.
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PROCESSING QUALITY TRAITS OF DRY BEANS:
THEIR. DESCRIPTIONS AND CALCUL ATIONS.

FOOD QUALITY TRAITS:

Dry Bean Weight (g) — The fresh weight of beans equivalent to 90 grams of total solids at a given moisture content, e.g.
107.1 g of bean fresh weight & 16% moisture is equivalent to 90 g solids.

Soaked Bean:
Soaked bean weight {g) — The weight ofthe bean sample after soaking in distilled water adjusted to 100 ppm Ca* for 30
minutes at ambient termperature (71 +- 2°F and 30 minutes at 195%F (beans ofthe Pinta, Cranberny and Kidney market

classes are soaked for 12-14 h at ambient temperature followeed by 3 30 minute hot soak). The soaked bean weight is a
tmeasure of hoth the weight of water and weight of total solids in a sample.

Soaked bean water content (%) — A measure ofthe proporion (%) of hean weight atter soaking due to water alone and is
calculated as folloves:
[So0aked bean weight {o) — Fresh weight equivalentto 100 ¢ solids] ¥ 100
Soaked bean weight (Q)

Hydration Coefficient — This is the ratio of two masses of hydrated beans and is another way of looking at the hydration
characteristics of a sample of soaked beans. The hydration coefficient reflects the weight increase of beans after soaking
telative to the initial fresh weight equivalent to 90 g solids. The hydration coefficient is a rapid indicator of how well 3 bean is
hydrated prior to themmal processing (cooking in a retort). A bydration coefficient of 1.8 is considered aptimum by the
processing industry. The hydration coefficient is calculated as follows:

Hydration waight of soaked hean ()
Coefficient = fresh weight () of beans
equivalent to 90 g salids




Thermally Processed Beans

Clumps - The degree of packing of beans inthe can. Clumping is manifest when individual beans adhere to one another

rather than accuring as individual grains. Clumping is due to extruded pratein, dietary fiber, starch, and their physical-chemical
interactions. Clumps are visually rated on a 7-point rating scale:

1 = severe; beans are packed solidly in the can and heawy aggregation of heans is noted ;
7 = no clumping; beans fall freehly from can and no aggregation of heans is apparent.

Splits - Measures the extent of transwverse and tandential spliting of beans. Samples are wisually rated on a 7-point scale;
1=very severe splitting with mast heans in the sample split;

7=most beans in sample show no splits (small transverse cracks, 2 mm, on seeds pemmissible).

Washed-Drained Weight - The washed-drained weight is the weight of beans after they have been rinsed and drained for
o minutes. The washed-drained weight takes into account the dedgree of ydration that occurred during soaking, blanching,
and cooking in the retart. Cooked beans are rinsed and drained in a sieve (J), (K) to wash away any macromalecules extruded

from the bean. Awashed-drained weight of 240-280 grams for 3 sample of beans equivalent to 90 grams of initial solids is
considered typical.

Washed-drained weight coefficient — This is anather ratio of the mass of hydrated beans and is 3 quick way to evaluate
the water entrainment of a cooked sample of heans. A typical value for the washed-drained weight coefficient should fall
hetween 1.4 to 1.6, Values = 1.4 are atypical and low and indicate that the hean sample has low water entrainment; values = 1.6
indicate that the bean sample has an atvpical washed-drained weidght on the high side and has high water entrainment. The
washed-drained weight coefficient is calculated as follows:

Washed-drained Washed-drained weight (o)

(J) weight coefficient = Soaked bean weight (g) (K)




Percent Solids - The percent of total soluble solids remaining in the sample after themmal processing. This traitis
determined by oven drving 100 grams from each texture evaluation at 80.6°C until weight remains constant. This
takes approximately 24 haurs.

Water Content of processed heans (%) =

weight of texture sample —weight of sample after oven drying x 100
weight of texture sample

Texture — Detennined by placing 100 g ofwashed, processed beans into a standard shear-compression cell (L), (kM) of 3
kramer Shear Press and applyving force with a dynamic hydraulic system. Values reported indicate the Kilograms force
Required to bring beans to 3 point of catastrophic failure dotal loss of hean integrity) of the sample. Texture affects the
Perceived stimulus for chiewing and is an index of the firmness and softness of a food and, thus, serves as an index for
Cansumer acceptance for cooked bean seeds. Bean seeds may be unacceptahle ifthey are perceived as too firm ("tough
heans"™ ortoo soft (mushy heans™ atter cooking.

The textural standards estahlished for several market classes of processed beans are:

Maximum Farce Resistance (ko)

Descriptor

Highly Desirable Cresirable Lindesirahle 3
Market Class [deal (Satisfactor (Unsatisfacton
WEWNY a0-a0 40-70 =d0, = 70
Black Turtle A5-65 45-T5 =48 =75
Dark Red Kidney BA-Th A5-85 =55, = @5
Light Eed Kidney B0-70 a0-20 =4al, = 20
Great Marthern 40-50 30-60 =30, = &0
Finto B0-70 a0-20 =4l = 80
Small-red BA-Th 55-85 =455 = @5

A Ton soft or too firm.



Peak height — The maximum height of the peak generated and displaved on the recorder chart paper (W) of an Allo-Kramer
Shear Press (0). Peak height is converted into forces as follows:

1. Kilograms farce = peak height x 1.36
2. Mewtons = kg force x 9.80

Processing Quality Index - The processing guality index (P is a summarnization of various subjective processing quality
descriptors to arrive at a sinale value (index) for descrbing dry bean processing quality and which is useful to plant
hreeders as a selection index. The Pl is canstructed as a lingar function of the fallowing descriptors: the amount of
clumping, splitting, and overall appearance of a canned hean sample; cooking broth characteristics of viscosity, color,
and amount of starch extruding into the liquid; and cooked seed characterdstics of color, size, and shape for the market
class.

The seven descriptors mentioned abowve of which the POI comprises is each rated by several judges on a ¥ point
Hedonic Scale and are weighted as such:

Full descriptor set Scorewyveights Abbrevigted descriptor set Srore weights
Clumps [1 %] 1. Clumps [1 %]
Splits [1 ] 2. Splits [1 %]
Appearance [2 %] 3. Appearance [2 ¥]
YWiscosity [1 x]

Zalar [1 %]

Free starch [1.5 x]

Seed Charactersticst [1.5 %]

t Seed characteristics include color, size and shaﬁ‘le ofthe seed.




COLOR ihoth dry and processed):

The surface color of dey or thermally processed beans, an importtant consumer and processar quality characteristic, is measured
with & Hunter Lab Color and Color Difference meter. The Hunter Lab instrurment has three scales onwhich all the primary
colors of the calar spectrum are considered.

L scale — Measures whiteness ar blackness of an object an a scale fram 0 (oure hlack) to 100 {pure white)

al scale — Measures the redness or greenness of a sample on & 100-point scale where 0to + 50 =redness and 0to—480=
Qreenness

bL scale — Measures the yellowness ar blueness of a sample on a 100-paint scale where 0 to + 50 = yellowness and 0 to — 40
= blueness

Hue Angle (*) — Hue angle comverts the surface colorvalues of an object on the al and bL scales to an expression of human
perception far the primary calors (using a Hunter LahScan instrument).

Hue angle iz calculated as the Arc tan (b*ra*) when hoth a* and b* are positive.

Hue angle is calculated as Arvc tan (*ra*) + 180 when a* is negative and b* 15 positive.

Hue angle is calculated as Arc tan (b*a*) + 180 when both a* and b* are negative.

Hue angle is calculated as Arc tan (h*ra*) +360 when a* is positive and b* is negative.

Hue angles are intemreted as follows:

0* =Red

45% = Orange

90° = Yellow

1358° = Yellow-green
180° = Green
224" = Blue-green
270" = Blue

314" = Purple



L.a.,b Color Solid

HunterLab Reston, WA




Hue angles for dry bean market classes:

Themally Pracessed (cooked) Beans

Market Class Hue Andgle Hange
Dark red kidney 10° to 25"
Light red kidney 35 to 50*°
Small-red 35°% 1o 45°
Fink 40" to 50"
Ml awy 70"t 80"
Great Marthern 70%to 80°
Small white 70" to 80"
White kidney 70° to ga°
Pinta a0" to 0"
Black 20" to 40"
where:

a* =500 [x valuer38.04 1% - & valuer100) ¥
b* =200 % [y value1 00} - (2 value118.103) 44

Lightness — A measure of lightness or darkness where 100 = maximum lightness and 0= maximum darkness of an
ohject. Lightness is measured using the L-scale of the Hunter instrument.

Chroma — A value calculated from the al and bL scales of the Hunter Lab LabScan instrument [P] The higher the

chroma value, the brighter the colar. As chraoma values approach zera, colors approach gray. Chroma values close ta
Zero can make an accurate hue angle difficult to calculate, and is often a consideration when evaluating black beans.

Chroma = [(a*)2 + (h™)2]s



