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Far Infrared Drying Characteristics of Seasoned
Red Pepper Sauce Dried by Heated Air
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ABSTRACT The purpose of this study was to verify the drying characteristics of seasoned red pepper sauce and
establish optimal drying conditions for far infrared drying of seasoned red pepper sauce. Seasoned red pepper sauce,
which was dried by heated air, was used. One kg of seasoned red pepper was spread at thicknesses of 10 and 20
mm and dried by a far infrared dryer until a final moisture content of 15+0.5%. The far infrared dryer conditions
were air velocity of 0.6, 0.8 m/s and drying temperatures of 60, 70, and 80°C. The drying models were estimated
using a determination coefficient and root mean square error. Drying characteristics were analyzed based on factors
such as drying rate, color changes, content of capsaicinoids, and energy consumption. The results can be summarized
as follows. The drying rate (that is, drying time) tended to be reduced as temperature and air velocity for drying
increased. The Page and Henderson models were suitable for drying of seasoned red pepper sauce by a far infrared
dryer. Redness decreased after far infrared drying under all experimental conditions. The color difference was 18.18
under the following conditions: thickness 20 mm, temperature 70°C, and air velocity 0.8 m/s. This value was slightly
higher than those under other far infrared drying conditions. The capsaicinoid properties of seasoned red pepper sauce
decreased under all far infrared drying conditions. The highest capsaicin (19.91 mg/100 g) and dihydrocapsaicin (12.87
mg/100 g) contents were observed at a thickness of 10 mm, temperature of 80°C, and air velocity of 0.8 m/s. Energy
consumption decreased with higher temperature, slower air velocity, and thinner seasoned red pepper sauce.
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My: Moisture content (decimal, w.b.)

Wy: Water weight of sample (g)

Wq: Dry matter weight of sample (g)
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Fig. 1. Schematic diagram for far infrared dryer of conveyer type.

Table 1. Specification for far infrared dryer of conveyor type

K9IP150FH, 150 W X5 pcs
750 W X40 pcs
1.0 kW, 10.5 m*/min X5 pes

@ Far infrared heater

Description Specification
@ Drying chamber (L X W XH) 5,600 X1,000 X80 mm
@ Belt conveyer (LXW) 13,100 X980 mm
® Control box KEC SYSTEM Co., Ltd.,

Ansan, Korea
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MR: Moisture ratio

M. Moisture content at drying time (%, d.b.)
Me: Equilibrium moisture content (%, d.b.)
Mo: Initial moisture content (%, d.b.)

M. Middle moisture content (%, d.b.)

M;: Final moisture content (%, d.b.)
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33 o de] e AxEAS AAEr] 9]k
71%d) o] 8% QY Page, Henderson % Modified Wang
and Singh AxX o A&} on, Table 2% 7} H1XR
AE vrebd Boltt BEo] ARdg A4S AL 2=
3¢l SAS(Statistical Analysis System, ver. 9.2, SAS
Institute Inc., Cary, NC, USA)2] H] A& 3] 784 w2
ol-gato] AAsITE ek ZHzte] Axxlel mE xR
do] A P, Q, Ak a, b ¥ co 24 15 g
ol A, Ax2E 2 FFEHEE T2 7Hg sk 4
DR AZA3ATHI0). 2 (D)9 4T ao~age] A4 SAS
PROC STEPWISES o] &-5te] Al ze el ofs) k% 3}
gom, Fq4gne] AA@pd RIS o] &gt oS3k A
AAS R*¥} 53 L 3Al 52 RMSE
£ o]&ste nlul HAs

oje] A AT

A =apt ar-(V)+az (T+az- (AV)+ag- (V)2+
as+ (T)*+ag- (AV)*+az-(V-T)+ag-(T-AV)+
ag: (V-AV) (4)

V: Volume (cm®)
T: Drying temperature (°C)
AV: Air velocity (m/s)

-0l 8 % #E S

AE= VAL*+ Ad®+ AV (5)

AE: Difference values of the color between after and
before drying

AL: Difference values of the lightness between after
and before drying

Aa: Difference values of the redness between after
and before drying

Ab: Difference values of the yellowness between af-

ter and before drying

Capsaicinoid &H2f

T E e 13 vl g 1 goll WlEkE 50 mLE 78t
o] #A7](T25-B, IKA, Berlin, Germany)ol| 4] 2%+ w2
at&ta, #4433 A5+ 100 mL mass flaskol] o] x| &
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3 & HPLC(LC-2000 series, TS Science, Cary, NC,
USA)Z #4814 Al AFE% columne Luna 5 1
C18(2) 100 A(5 pm, 4.6%<250 nm, Phenomenex Inc.,
Torrance, CA, USA)E AH&-3131aL, 3345 7]1(ExA=280
nm, EmA=320 nm)E& ©|-&3te] &3t} o572 45
acetonitrile : water : glacial acetic acid(60:39:1, v/v/v)
= AFE-3L9 AL, flow rates 1.0 mL/min, A 89| ¥3] F
2o 20 LY tH(14). T3 H A3 oA capsaicinoid %
o o] 8H FF=E4L capsaicin®} dihydrocapsaicin®] &
3= (Fluck, St. Louis, MO, USA)°| it}
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o4 7A5& windows g SPSS ¥4 Z & 12 (version
12.0K, SPSS Inc., Chicago, IL, USA)¢] thgux] HAHLA

ME (multi-way ANOVA) BH-& o] 83131, 949 Hdxx
AF o e s FAR R AES AR F A Aol wet fro]ES 5% ollelA o ds HA53H3l

AZFAJX-777, C.T.S., Tokyo, Japan)E A}-§38}o] 50k
=381t S48 MEE= 1 a, b o2 el L, Zial o
a, bl W3} s FRA o= st MAHAR)E 4 (5)F
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Table 2. Semi-theoretical and empirical drying models

No. Model name Model References

1 Page MR=exp(-P-1?) Page (11)

2 Henderson MR=A-exp(-k-t) Westerman et al. (12)

3 Modified Wang and Singh MR=c+(b-t)+(a-t’) Ning (4)

MR: moisture ratio.
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Fig. 2. Drying curves of seasoned red pepper sauce according
to far infrared drying temperature at 10 mm thickness.
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Fig. 3. Drying curves of seasoned red pepper sauce according
to far infrared drying temperature at 20 mm thickness.
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Table 3. Statistical results of model constants formula for seasoned red pepper sauce drying

Model Model constants formula R?
P=0.10085+0.00385(V) — 0.00364(T)+0.01538(AV)+2.612 X 10°(T?) 07728
» —2.575X10°(V X T)+0.0005375(T X AV) — 0.0237(V X AV) :
age
£ Q=—1.10165— 0.04391(V)+0.06546(T) — 0.06613(AV) — 0.00042662(T?) 0.8776
+0.00024075(V X T)— 0.00601(T X AV)+0.02507(V X AV) '
A=0.25048 — 0.0147(V)+0.02383(T) — 0.03346(AV) — 1.6087 X 10°(T?) 0.8650
Hend +8.625 X 10°(V X T)— 0.00171(T X AV)+0.00827(V X AV) '
endaerson
k=—0.04204+2.9608 X 10*(V)+0.0011(T)+0.00554(AV) — 5.54 X 10°%(T?) 0.9852
—4.82X 10°(V X T)+0.00006875(T X AV)— 0.00031333(V X AV) :
a=0.04787— 3.4917 X 10™(V) — 0.00121(T) — 0.01471(AV)+6.35 X 10°(T?) 0.9873
. +3.45 X 10°(V X T)+2.75 X 10°(T X AV)+4.0667 X 10™(V X AV) '
Moillgeginwlf“g b=—2.6525 X 10°+6 X 10°(V)+5.12 X 10%(T)+2.75 X 105 (AV) — 2.5 X 10*(T?) 09837
£ +3.45 X 10°(V X T)+2.75 X 10°(T X AV)+4.0667 X 10™(V X AV) '
¢=0.33543 — 0.00697(V)+0.01945(T)+0.12529(AV) — 0.00012837(T?) 0728

+0.00003975(V X T) — 0.00294(T X AV)+0.00475(V X AV)
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Table 4. Statistical results of the measured values fitted to the predicted values for drying models

Drying conditions

Statistical results of drying models

Thickness Temperature  Blow velocity Page Henderson Modified Wang and Singh
(mm) (°0) (m/s) R’ RMSE R’ RMSE R’ RMSE
6 0.6 0.9963 0.0115 0.9934 0.0149 0.9900 0.0187
0.8 0.9894 0.0190 0.9795 0.0264 0.9961 0.0115
10 70 0.6 0.9692 0.0331 0.9899 0.0189 0.9981 0.0082
0.8 0.9959 0.0125 0.9956 0.0129 0.9982 0.0083
80 0.6 0.9993 0.0049 0.9992 0.0052 0.9930 0.0152
0.8 0.9988 0.0061 0.9962 0.0111 0.9966 0.0105
60 0.6 0.9819 0.0380 0.9562 0.0371 0.9902 0.0175
0.8 0.9774 0.0274 0.9561 0.0382 0.9912 0.0171
20 70 0.6 0.9918 0.0169 0.9835 0.0239 0.9902 0.0185
0.8 0.9888 0.0197 0.9784 0.0273 0.9931 0.0154
30 0.6 0.9906 0.0180 0.9904 0.0183 0.9981 0.0082
0.8 0.9969 0.0103 0.9939 0.0143 0.9990 0.0058
ATk BE AzxrE Ao AR AS(RY)E 0.7000 o] Ao AzAIZE] 10 2o 2471 U= AHeZ YEEA T
2 Vehgon, 254 Modified Wang and Singh 7% AA A ARAI o)A Page 2 Henderson 919 A%
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Fig. 4. Variations in experimental and predicted moisture ratios with far infrared drying time by the drying models at drying conditions
of thickness 10 mm, temperature 60°C, air velocity 0.6 m/s (A) and thickness 20 mm, temperature 80°C, air velocity 0.8 m/s

(B).
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Fig. 5. Comparison of color difference according to drying con-
ditions. Values are mean+SD. Means with different letters (a,b)
above the bars are significantly different by Duncan's multiple
range test (P<0.05).
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Fig. 6. Comparison of redness according to drying conditions.
Values are mean+SD. Means with different letters (a-c) above
the bars are significantly different by Duncan's multiple range
test (P<0.05).
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Fig. 7. Comparison of capsaicin contents according to drying con-
ditions. Values are mean+SD. Means with different letters (a-d)
above the bars are significantly different by Duncan's multiple
range test (P<0.05).
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Fig. 8. Comparison of dihydrocapsaicin contents according to
drying conditions. Values are mean+SD. Means with different
letters (a-d) above the bars are significantly different by Dun-
can's multiple range test (P<0.05).
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Fig. 9. Comparison of energy consumption according to drying
conditions. Values are mean+SD. Means with different letters

(a-g) above the bars are significantly different by Duncan's mul-
tiple range test (P<0.05).
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