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USE OF SALT SOLUTIORS TO DECREASE COOKING TiME
OF THE HARD-T(-COOI BEANS

Mair Tinding: related to this subject and pre-
viously reported are as following:- a) different ratios of mono (N2, ¥j 1o
divalent (Ca, Mg) ions~(0.30,.2.30, 6.30, 8.30, 8.38 and 2.80) used as sozk-
ing solution has shown to influence cooking time and protein quality; b) as

far 2s cooking time is concerned the most significant reduction is cbizined

zfier scaking with 6.30 ratio; c) pH of the s21t solutions are relsted to
the ions contznt, but pH values decrezses after scaking; pH of the cocking
broth and the cooked beans are lower when the grain -is spaked with s2it s56-
lution and cooked with water; d) Protein Efficiency Ratio {PER) values in-
dicated that lower (0.30) and hicher (0.80) ratics of mono to divalenti icns
reduced drastically protein quality; irntermediate ratics gave nurmal PER
velues; e) beans soaked with szlt-solutions and cooked with water cave
higher PER values as compared with beans soaked an¢ cook=c with salti solu-
tions. The soaking process used in the laboratory siudies is shaowa in Fi-
cure 1. A summary of results obtained with herdened beans ireatezd with
selected conditions are snown in Table 1; f) & hours scaking Ltime gave si-

milar cooking <ime velueg as cempered with 12 hours toaling with the 32t

sclutions; in 211 ceces protein cueiizy w

¢ gimiter or dnproved by reguzing

scaking tims.
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- Because the final objective of this approacr
~was to transfer the technolegy to the industry additional studies were

carried cut to improve and adapt the use of the salt solution process.

Technology Transfer

! local Gusiem2lan food industry was seiecied for the study, whick
was undzrtaken in three phases. The first one consisted in studying at
laboratory level additiorial variables 1in the soaking process, such as, the
effect of different soaking times.with the salt-solution on the cooking
time and the ions content in the cooked beans. Furthermore, the effect of
the repzzted use of the szlt solutions in the cooking time was also assessed
(Table 2). 1Ir this phese cooking timz was determined by using the Mzttson
cooker. In the second phase which was carried out zt a pilot plant level,
the repsated use of the salt solution and its effect on the cooking timz
was evaluated by using an autoclave (16 1bs pressure and 250°F temperature).
In the third phase fried beans were processed according-to.the best condi-
tions found in the previous phases, and using the same process used by the
industry. The final product was stored for 15 days at .37°C and 70X rela-
tive hutidity tc observe the effect of salt addition during storage. Sen-
sorizl 2rnalysis, protein content, trypsin inhibitors activity and Kz and K
content was carried out in the samples. A preliminary cost analysis weas

a1sp derermined.

RESULTS. Przse 1

times with 2 sélt solu-

e G . e Eem gy A - e ctnp— "

rt sgekin

Teble I shows the efiecy of Giffer

i)

tior wizh E:3C ratio of mono tc civéient ione, cn the cooking time of herd-

gnec¢ ~zzns usel by the industiry. Ag it can be observed, no sionificent
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dyfferences in cooking time were founc at diTierent soaking times, indicet-
ing that one hour could be selected. This Table also indicates that the .
second use nf the same salt solution gave acceptable values of cooking time
as compared with the first use. No explanation can be offered for the high-
e” cooking time value obtainec with besans scaked for 2 hours, since & re-
pzzted experiment (Table 4) for the seme scezking time indicatec that cooking
timz was 30 minutes less as compared with one hour spaking. Even wnen the
concentration of salts for the soaking solution is increased (0.15% haHCO3 +
3.0% of K2C03) the best cooking time agzin is obtained after 2 hours sozking
(Table 5).- Therefore, from the previous results, 2 hours scaking wes Se-
Tected as the most appropiate to be used at industrial Tevel without alter-

ing the unit operations used in the preparetion of fried beans.

Table 6 shows the selected mineral content (N2 and K) of the raw,
scaked and cooked beans, indicating that the proposed salt treatment did
not increased potassium content; in the case of the sodium ions the incre-
ment was not significative as will be further discussed, when the fineal pro-
duct will be analyzed. Using twice the same soaking s2lt solution dscrease

even more the ions content in the cooled bsarns.

As far as the repeated use of the soaking salt solution is concerned,
the datz obtazined (Table 7) indicated that beyvond the second use, cooling

time is not sioniTicantly reduced.
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Phase 11

An additional attempt to use more than twice the same salt sosking
sc¢lytion is shown in Table 8. (Cooking time was carried out in the auto-

clzver (15 1b pressure and 250°F).

In this case for the third use E0% of the origingl amount of the

i}

szlts was added to the soaking solutien. The data obiained indicated that
reconstitution of salt seclution resulted in cooking time reducticn at in-
dustrial level, similar to those obtained in the Tirst and the second use.

nis cption now is available and should be analyzed by the industry from

the economic and practical point of view for their future application.

Pnase 111

According to the best conditiors found in the laboratory and in tha
pilot plant (scaking time: 2 hours; cooking time: 15 minutes in the auto-
clave) hardened beans from the industry was processed actording to the ma-
thod vsed by the industry {see Figure 2). Senscry anaiysis of the Tinal
predusts, which include beans soakad and cooked with -watar as well zs beens
processed with salt solutions before and afier storapge are shown tin Gable
9. s it can be seen there is no significant difference between treatments.
excer: in the case of flavor where the pansiiszts showed 2 higher Zrelerence
for :~2 fried bezns processed with the selt solution gither Lefore 2ad

fter storagce. Trerefore scaking beans with the proposed c2lt sclution
befors cooking, did not zfisct the oroeancleptic characterisiics curinn pro-

ce

in

g~-; or sterage. Finzliy, Tehie 10 shows the nutritionz) ew2luatior 07

the <-jed bezans prepared by the indusiry according to the gevelozec and

b |
mn
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proposed salt solution process. Sodium anc potassium content was similar
for all products including the commercial sample. Frotein content and
protein quality (Net Protein Ratio) determination gave similar or higher
velues as compared with the commercial sample, and trypsin inhibitors con-
tent reported smalier values for tne salt treated samples. In conclusion
the proposed process using salt solutions tc aecrease the cooking time of
the hard-to-cook beans,:resulted in an acceptable product from the orgaro-

leptic and nutritional point of view.

Cost Anelysis

Based orn the actual prices in Guatemala for the beans, salts used znd
energy cost, the following caiculations were made for each batch of beans

(2.200'1bs) processed.

Normal Process Salt Solution Process
Cost of fresh beans= 0.1,540 00 Cost of hard beans= Q. 770.00
Cost of salts= 0. 0.00 Cost of salts= 0. 25.47
Energv cost= 0. 15.30 Energy cost= n. 5.10

Based on this calculation, saving costs by the use of the salt solu-
tion process is about 0.754.73 per each batch of 2,200 1bs, demostrating
the economic feasibility of imolementation this -process at the industriz]

Jevel utilizing the hard-te-cook beans.
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TABLE 1

RESULTS OBTAINED WITH THE HARDENED BEAN TREATED WITH THE
THE SALT SOLUTION WITH 8.30 RATIO OF MONO TO DIVALENT
IONS AS COMPARED TO THE UNTREATED BEAN SAMPLE

Hard-tc-Cool: Hard-tc-Cook Beans
Parameters peans treated with
(4:60 ratio) salt sclution

(8:30 ratio)

Cooking time (min.) ¥ 360 105

pH of cooked and dried

bean fiour 6.0 7.0

Protein efficiency ratio

(PER) 1.0 0.86
True digestibility 76.1 74.1

Cost to cook 1 kg/bean
(US. $Dollar) 0.29 - 0.10
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TABLE 2

ADDITIONAL VARIABLES STUDIED IN THc SOAKING PROCES'S IN ORDER
TO TRANSFER LABORATORY DATA TO INDUSTRIAL LEVEL

- Temperature, pH and sceéking time

- Use of the same salt solution in various

soaking processes.




TABLE 3

COOKING TIME OF HARD-TC-COOK BEANS SOAKED WITH SALT SOLUTION
(8:30 ratio} AT DIFFERENT SOAKING TIME

SOURCE CF ENERGY

(750 watts)

_ COCKING TIME (Min.]) 3
Soaking time (hrs.) Without _____With Salt Sclution _ -
_ salt sclution First Use Second Use ™

'
i - 158  +1.0 172.5 % 2.5
Z 343 178.8 + 1.6 148.5 + 1.5
3 - 142 + 2.0 166 <+ 1.0
4 - 160.5 + 1.5 139 + 6.0
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TABLE 4

COOKING TIME OF HARD-T0-COOK BEANS SCAKED WITH SALT SCLUTICN
(8:30 ratio) AT DIFFERENT SOAKING TIME

(Enercy source 1100 watts)

COGrIRG TIM: (win. )

Scaking time Witnout With salt solution
{hrs.) salt solution First use Second usz
270 ——— _—
300 136+ 6.0 163 + 4.0
224 + 9.0 106 +10.0 156 + 7.0

S W N = O
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TABLE 5

COOKING TIME OF HARD-TC-COOK BEANS SDAKED WITH A SALT SOLUTIGN
WITH AN INCREASED AMCUNT OF SALTS (0.15% Ncho3 AND
3.0% K2C03)

.Soaking time ____Cookina Time (min.)
(hrs.) First use Secord use
1 M9 5 2 119 + 5

2 80.5 + 6.5 103 + 4




TABLE 6

MINERALAL CONTENT (mg) IN RAW, SOAKED AND COOKED BEAN, BASED ON
100 g OF BEAN DURING CCOKING AND EXPRESSED IN DRY MATTER

Bean Treatment TOTAL MINERAL CONTENT {mg)
K Ra
Raw 1546.75 + 21.00 12.86 + 100.00

Soaked with salt solution
and cooked salt water* 1529.44 + 54.44 17,22 + 0.22

Soaked with salt sclution
and cccked galp wator 1379.18 + 84.10 14.81 + 0.75

»  Salt sgiiution made of 0.0%% NaHCO, and 1.0% of K2C03 (first use).

**  Saime saltr soluticn (second use).

- gLt -



JABLE 7

THE EFFECT OF REPEATED USE OF SALT SOLUTION* ON THE
COOKING TIME OF HARDENED BEAN

COOKING TIME {(Min.)

Soaking Time —_USE_OF SALT_SOLUTION —
{hrs.) First Second Third Fourth
2 82 93 141 160
Z 81 88 150 164

X 8.5 + 0.5 90.5+25 145,54 4.5 162+ 2.0
Control*e 165

* i, 9 ! 7 T
D.Ch &aHCG3 and 1.0% of n2C03‘

**  Coniral: Soaked in water fcr 2 hours.

- 9it -



TABLE 8

THE EFFECT OF REPEATED USE OF SALT SOLUTION (0.05% NaHCO

and 1.0 K2C03) ON THE COOKING TIME OF COMMERCIAL 3
BEANS*
COOING TIME
5°“"},’:35T;'"9 USE OF SALT SOLUTION _
3 First Second Thira Fourth
2 15 20 15 20

Control*? 45 min.

4 Cooked in the autnclave at 15 1bs. and 250°F,

=%  O0% of the original amount of salts was added.

*%4  Control: bean cooked without soaking,

- Lt =
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TABLE 9

SENSORY ANALYSIS-(flavor,-color ang texture) OF FRIED BEANS
MADE OF HARD-TO-COOK BEANS, SOAKED WITH SALT SOLUTION
(8:30 ratio of mono to divalent ipng) AND COOKED WITH WATER

Bean Treatwent SENSORY ANALYSIS

Flavor 1/ Color 2/ Texture 3/
Bean cooked and soaked 5 4
with water 7.0 + 1.5 1.9+0.6 € 2.0 + 0.6
Bean soaked and cooked b d
with salt sadution 5.6 + 1.8 23 +0.8° 2.2+ 0.6
Bean spaked with salt
solution and cooked d

with water 7.6 +0.8° 1.9 +0.5° 2.2+ 0.7

* Average of 30 “in house” panelists.

1/ According to a hedonic scale: 1= dislike extremely; 9= like extremeiy.
2/ Color: 1= Pale; 2= Black; 3= Deep black.

3/ Texture: 3= pasty; 2= normal; 1= granular.



TABLE 10

MINERAL CONTENT (Na and X) PROTEIN AND TRYPSIN INHIBITORS
(UTI/m)) IN FRIED BEANS

. Trypsing
Minerals (mg/100 g ) 4
. Frotein (9/100 g inhibitors Net
Bean Sample moisture .:.amole moisture sample) UTl/q- Protein
Nar* Keas moisture ratio
sample
Commercial sample 323.2 + 12.1 398,2 + 3.4 5.1 + 0.07 0.62 1.39 + 0.5
With salt solu-
tion (first use) 312.1 + 68.6 405.,1 +12.1 5.4 + 0.03 0.48 1.42 + 0.6
With salt solu-
tion* (second
use) 296.9 +55.6 392.5 +11.7 5.0 + 0.05 0.48 1.86 + 0.7
Casein 4.30 + 0.5
» Bean spaked with salt sclution and cooked with water.

**  FKecomended intake: Na, 1,100 te 3,300 mg/day. FDA Consumer -13(4). 1936.

***  Recommended intake: 3,700 to 7,400 mg/day. Present Knowledge in Nutrition. 1971

- 6Ll -
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FIGURE 1

SOAKING PROCESS USING SALT SOLUTIONS

Hard or fresh
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FIGURE 2
INDUSTRIAL PROCESS FOR THE PREPARATION OF FRIED BEANS

Bean |

L
CLEANING, SELECTION, VASHING

v
COOKING IN THE AUTOCLAVE 35-45 min. at 250°F
and 16 pounds pressure
v
GRINDING

«—— 0il, salt

v
FRYING
e Stirring, 12 min.
4
CANRING
e 51/2 and 15 ounces
v
ESTERILIZATICN
» 45 min. at 250°F and
16 pounds pressure-
\

LABELLING AND PACKEGING




