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Investigating the Impact of Storage Conditions on Dietary Fiber and Calcium
Contents of Black Soybean Sunsik to Develop a Functional Labelling System
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ABSTRACT - This study aimed to predict the shelf life of black soybean Sunsik to develop a functional labeling
system for the product. The Arrhenius equation was used to calculate the shelf life by examining alterations in the
dietary fiber and calcium levels of black soybean Sunsik stored at 25, 35, and 50°C for 0, 6, and 12 months. Dietary
fiber and calcium analyses were performed according to the experimental methods specified in the Food Code of the
Ministry of Food and Drug Safety. Both black soybean Sunsik (BS) and black soybean Sunsik containing nondigest-
ible maltodextrin and calcium lactate (BSN) exhibited an upward trend in dietary fiber content after 12 months of stor-
age, compared to their initial levels. During storage, the phytate in Sunsik degraded, releasing cations that facilitated
the formation of new cross-links between pectic acid and middle lamella, which ultimately increased dietary fiber con-
tent. Conversely, the calcium contents of both BS and BSN decreased with prolonged storage. Based on these find-
ings, the expected shelf life of BS and BSN was calculated as 15.65 and 28.34 months, respectively.
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Materials and Methods
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&3 X2|(BS, black soybean SunsikyS 71-2-%, 1
ul, 2], AR Sr), 59, $55 59 458 &

gste] Az AEFSZ EY AL (Seoul, Korea)o 25

H AlFugith 7154 FAAIETE A8 A2 A2

(BSN, black Sunsik  with

maltodextrin and calcium lactate) A &2 4%, A2F A

2/(BS)l] WFAasH BEUAED(4.8%) HALHF(2%)

= st AEE ARSISITE A8 S 25°C, 35°C, 50°C
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soybean nondigestible
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ASZ A2 F Aol TFe WA7IsHE 54
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Table 1. HPLC conditions for low-molecular soluble dietary fiber
analysis

Instrument Conditions
Column TSK-GEL G2500PWXL
Detector Refractive index detector, 40°C

Mobile phase Distilled water

Flow rate 0.5 mL/min
Injecion volume 20 uL
Oven temperature 80°C
Run time 50 min

WEA a-amylase (Sigma-Aldrich Co., St. Louis, MO, USA)
100 uLE 3718k 95°C water batholl Al 3027+ WH-&-A] 7
o} 0.275M FABIGESR &0 2 pHE 7.5+0.12 24
Sk &, protease (Sigma-Aldrich Co.) 500 uL 3 7}3hoq
60°CollA] 3027 ankste] WhGAIZT &S Ao
213l 5, 0.325M HAF 845 7hsted pHE 4.5+02% X
33l amyloglucosidase 300 uLE 231 60°ColA 30&7F
Hhetsich. 4ufaee] 95% AEES Alget Efete] st
A o]F A7 2 oJ#3 F, AL

4 gY 2 g% FAe =43
_“

X 1o 9

3t FEsket 3 05 g2
FHotty, A 8 mLE ¥ 3 microwave
(Samsung Electronics Co., Ltd., Suwon, Korea)S ©]-&3}
o] Bajx7Ith 10 mL WiaZek2=0] 71 5 ICP/OES
(SPECTRO Analytical Instruments GmbH & Co. KG,
Kleve, Germany)Z 2431500, 43712 Coolant flow
13 L/min, Auxiliary Flow 1.1 L/min, Nebulizer flow 0.78
L/min ©]Ath A& 100 ¢ T ZF TFS =2 2(1)
< &l =Sk

( Sample ~ Blank ), Final
Calcium _ concentration concentratio volume
(mg/100 g) Sample amount

Q=0 tkt 2
InQ = InQy+kt 3)
Q: Quality index value for storage period (t)

Q,: Initial quality index value
k: Reaction rate constant
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k: Reaction rate constant

A: Arrhenius constant

R: Gas constant (1.986 cal/mol)
E_: Activation energy (kcal/mol)
T: Absolute temperature (K)

FAARS] BAYseIAE A(S)el WYt 43
A -2 10°C, 15°C, 20°C, 30°C 2&oA W&
¥

Fo@e 5T & Utk A7 FFLES 2AZ B4
AL AWML ANT & ov], 2% 80%S

ZHAANZ dAste] FEHAAI S AEIF .
Results and Discussion

I-IIOI-%_IIZ_ lil I.‘xl-j])]-o“ [q-E JLIo]JL-I o tﬂ-Er l:Hg]-

HeF Ao AFLE(25°C, 35°C, 50°C) ¥ AA7|7¢
(0714, 6704, 1271)ell mE 2ol 4 2= Table
29} 2t} XW %7] BS9t BSNe| o] e zhzt
11.40, 15.94 g/100 g |, % 67H° 5 RE AR
2xoA STk A% 1270 oll= BS A%
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Table 2. Changes in dietary fiber and calcium content of black soybean sumsik (BS) and black soybean sunsik with nondigestible
maltodextrin and calcium lactate (BSN) during storage period at 25°C, 35°C, and 50°C

Storage period Dietary Fiber (g/100 g) Calcium (mg/100 g)
Sample

(month) 25°C 35°C 50°C 25°C 35°C 50°C

0 11.4 11.4 11.4 60.98 60.98 60.98

BS 6 13.02 13.72 16.94 52.44 479 50.86
12 12.25 14.05 14.02 46.61 58.37 50.49

0 15.94 15.94 15.94 113.18 113.18 113.18

BSN 6 17.15 16.88 18.82 104.27 100.32 96.79
12 16.15 16.57 17.26 100.6 109.91 105.82
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Table 3. Reaction rate constants according to changes in dietary fiber and calcium content during storage A: black soybean sunsik (BS),
B: black soybean sunsik with nondigestible maltodextrin and calcium lactate (BSN)

A
BS
Reaction order  Quality index - - ~ -
Temperature (°C) Regression equation R* Reaction rate constant (k)
25 Y=0.0708X+11.798 0.2751 0.0708
Zero order 35 Y=0.2208X+11.732 0.8418 0.2208
50 Y=0.2183X+12.810 0.2234 0.2183
Dietary Fiber
25 Y=0.0060X+2.4659 0.2922 0.0060
First order 35 Y=0.0174X+2.4605 0.8341 0.0174
50 Y=0.0172X+2.5312 0.2726 0.0172
25 Y=-1.1975X+60.528 0.9883 -1.1975
Zero order 35 Y=-0.2175X+57.055 0.0355 -0.2175
50 =-0.8742X+59.355 0.7764 -0.8742
Calcium
25 Y=-0.0224X+4.105 0.9950 -0.0224
First order 35 Y=-0.0036X+4.0374 0.0289 -0.0036
50 Y=-0.0157X+4.0815 0.7790 -0.0157
B
BSN
Reaction order  Quality index - - ~ -
Temperature (°C) Regression equation R* Reaction rate constant (k)
25 Y=0.0175X+16.308 0.0264 0.0175
Zero order 35 Y=0.0525X+16.148 0.4325 0.0525
50 Y=0.1100X+16.680 0.2096 0.1100
Dietary Fiber
25 Y=0.0011X+2.7910 0.0281 0.0011
First order 35 Y=0.0032X+2.7815 0.4394 0.0032
50 Y=0.0066X+2.8109 0.2293 0.0066
25 Y=-1.0483X+112.31 0.9453 -1.0483
Zero order 35 Y=-0.2775X+109.44 0.0598 -0.2775
50 Y=-0.6133X+108.94 0.2010 -0.6133
Calcium
25 Y=-0.0098X+4.7213 0.9513 -0.0098
First order 35 Y=-0.0024X+4.6937 0.0543 -0.0024
50 Y=-0.0056X+4.688 0.1835 -0.0056

Table 4. Activation energy (Ea) of black soybean sunsik (BS) and black soybean sunsik with nondigestible maltodextrin and calcium

lactate (BSN) for dietary fiber and calcium

BS BSN
Reaction Quality index Activati Activati
order . . ) ctivation energy . . ) ctivation energy
Regression equation R (Kcal/mol) Regression equation R (Kcal/mol)
) . Zero order  Y=-4066.7X+11.247  0.6576 8.08 Y=-6950.2X+19.391 0.9586 13.81
Dietary Fiber
Firstorder ~ Y=-3803.2X+7.8789  0.6569 7.56 Y=-6775.5X+16.034  0.9593 13.46
Caloi Zero order Y=567.1X-2.3257 0.0066 1.13 Y=1605.5X-5.7683  0.0951 3.19
alcium
First order Y=680.84X-6.7265 0.0084 1.35 Y=1675.8X-10.696  0.0950 333

o, 2 7187 71A44(1.986 cal/mol)S F3to] 43}
oNUA(E)E AlAFE = SATHTable 4). 2o %

=

oA BSe FA3llUA &= 7.56, 1.35 keal/mol ©]02mH,

BSNE 13.46, 3.33 kcal/mol |1t} 7Aoo F5&
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Table 5. Annual change amountin of black soybean sunsik (BS) and black soybean sunsik with nondigestible maltodextrin and calcium

lactate (BSN)
Expectation distribution Dietary Fiber Calcium
Sample Temgecr;l e month of domestic Reaction rate Annual change Reaction rate Annual change
annual temperature constant (k) amount” constant (k) amount”

10 5 0.0039 0.0194 0.0133 0.0003

15 1 0.0049 0.0049 0.0127 0.0001

BS 20 2 0.0061 0.0123 0.0122 0.0001
25 2 0.0076 0.0152 0.0118 0.0002

30 2 0.0094 0.0188 0.0113 0.0002

10 5 0.0004 0.0019 0.0084 0.0000

15 1 0.0006 0.0006 0.0076 0.0000

BSN 20 2 0.0008 0.0017 0.0069 0.0000
25 2 0.0012 0.0025 0.0062 0.0000

30 2 0.0018 0.0036 0.0057 0.0000

DExpectation distribution month of domestic annual temperature x Reaction rate constant.

Table 6. Use by date (month) of black soybean sunsik (BS) and black soybean sunsik with nondigestible maltodextrin and calcium lactate

(BSN) for dietary fiber ,calcium, and vitamin D

Quality standard

lower limit

Total of annual

Sample Reaction order Value of zero day of quality change amount Quaiﬁlyoii:ﬁ;)date U(Snel:zﬂ?;fe
(A) B) ©
Dietary Fiber 2.4336 2.2105 0.0706 37.93
BS 17.89
Calcium 4.1105 3.8874 0.1497 17.89
Dietary Fiber 2.7688 2.5457 0.0102 262.52
BSN ) 30.68
Calcium 4.7290 4.5058 0.0873 30.68
YQuality limit date={(A-B)/C}x12}.
IUse by date=(Quality limit date)x0.8
Tt BaAA 2 AFe] FHAIAGE dSat] 9 & Zlor dAdtdEn Gy dEUXAEY G kg
Me AR 2=E5 esiordtt. SElvet dB+ 7] < 7K 7154 B4 AT XS ksl 4 A
g 2AR 197 ML §52 S 4%, LEE oy uaste] FAA/ISe] o 14 A% A9 Ao B
FEAFE 10°C(152Y), 15°C(30Y), 20°C(61Y), 25°C(61 Hoh a2, ol 2EHsl o3 WS vk
&), 30°C(61¥)E BAT 4 UTHY. BS 2 BSNe| &4 Ae)7] wjzol] HAA F-5HP T 2eol7t As

>

oo g
Ib oot
Mo

g2 AERs ol gste] AFS A ¥ 2=+
(10, 15, 20, 25, 30°C)llA] wk ks TE T 2
o, JdHF 2x¥ JdX FEYFE 2Hsle] BS H
BSNe| A7bdAstHS of|ZE 4 SIt(Table 5). FHAR
o] 2717k 2 A3IekA, A7 SIS o] &35fe] FA T
A7 A=3F A= Table 60 YERARITH. BSSF BSN
AS B5F 12 984S 2] g, #2AX 1]
Z1%0ll AAAZRE ALsfofF 3, 43S 27
29 80%0 AARIE F3IF o E BT AolAdf
2 Zgshek Ml Ry AlEd 2234718 7HzE BS
39.73, 15.65 719, BSN 267.77, 2834 7f9=E o =53ith
AFAE Zge) 1E, A Zo) AR BHPHS F48 A

7

< BSE 15.65 719, BSNE 2834 7§ =<t 437}

P lo

Wl bHASE Ao B,

2 AFoA e Hd2F A 2 7]
2] 9] AL (25°C, 35°C, 50°C) H
4, 12719)l w2 Holdf 9 ZAEdE HsE
Ath ©]% Arrhenius §H&-2]S S35 Ell
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