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3.Capsaicinoids

250

4o 2o\

R e R e N BRI I
ol S L 63U oy g a0 a5 ol Ol 53 B ey sl
£ s w ct\ﬂ Y S}jq.:u LY ’\]"Jsd" O3 eslinad 5,40
(2D onb 1ol ol Jals) | oo sild o5 g1 ¢85S
Olyns (5 glaaz jly Jol) T o gl i 53 0SS 5
Jils 53 K55 5 g Jalge 35 5 o 0slil ol ol ale ol
iy Ln il s a3 550,18 5T ls A s pllS (50 3
3k g bl WSSy 5 o3Il JSCa Bl 5l an )l &
e b5 S B oS 5 08 5l bapls IS il e
@ blete b ladils 5l (ol (g5l Jald pld o
j&)‘g\m.,\‘:pd«w@t&ﬁg‘@aﬁgj
Waiils w3l ogme 53 550 b 458 & oy dadls o3l
PEJEE JURSE A ON B CE g pE SR PR TPy
WL s wils ot St ogun 3y o (s )
oS o &bl ol s (sLaab 53 5ol lhr ol she S|
03 kS sl Lol lle e s SLlS S e
Ale 5 255l walEl o plad a5 eSS
S LS Sl g5 e w3 CLS glaey S
G5 3 O s o 4 S e h s s S0
U Dl ot (6l 5l 5 005 suite Sl Laje 3 S (oS
s yw S8 Ole jo il o ogline by A gus
Lol
JS Ol 51 doss At lepams (o LS 5shn s
sooml 3l s esls SIS L 53 A slads e SLlS
aM&q.MdﬂﬁﬁéMrﬁylw sl Jule

BE sl t;\.’u._ g_,.L> S » (/ Q')j.l}-) Lh.a\.;jwk;w\s

3 e sl w S5 s

S30 2 B3 5 eap o S 5 S () Aok i
G5 w4l bl ls sl e S jete s 13 O
31 s ol LCL:J J=s s s amd g Bld 4 Lol s
2 b g Ml e ol [ s s Lol

1. Capsicum annuum Linnaeus
2. Capsicum annuum Frutescens



> a8 J&bu;;;i&;— Ll i gileang

Sa s

Jelo 5 4525 Gk Sl ab s e e 5 Ol S
Gk sl I3 ) 3se S S Sl Gl
ol sk K HHAIB el o =l
ssb w s es olend sk B, gl e diS sl
see opes b oas Sl gles 1S
Sl J 0o S g 6,5 anlllas s [V Ty
ros Sl B ea (Baes 0SS s Ll b
2 3 S s 3lezall 05 SSCas 5 S 03 SSCis
Aol b St s liS s 5 o 2 Midilli Jue sls oLss
A a3 b gles oo (eoleail 05 SSEE ) ol
wdls 1 sk s s ol 5558 (S L
Nl 3 s Slem (a0 S g, oS J s
Los el 33 IS shay 515 OLES |y Sk il oy iy a5
O3 SSi gl fsy 5 LS S S Al o s
Jpame SokS e O 03 SSEE 5 oled]
DIY1Gs S wal 3 1) edsSis

pa oy clos Jaulyd 36 Gl plil 1 Gt
S iy 4 05,5 St gl s ol el i
5008 it Lo plg pame Cusby Gl
Al Koy 5 ST 0k e b il S sl S

Lﬁu.zjj‘g.}‘y—\'

slge V=¥
4:.@3QL«:‘J}QL:M")})\}J.M:Q)))\JM)‘«@)UJAJ}JAD
3 Ja Sl slanls Sl edd il DLl 53 s S
L}M))ﬁ%)sjaﬂoyukfﬁkés@asw‘
S Slilesl bl g 3,8 el eslizal 355e 5a
Lgi)"bjls‘dft“f)ﬁjjg‘u:‘“lj‘ eM&L}-JAJEL}LU
saliad odd gls 5 Jhie Ol 55 5 0L S, oS 2

-v\i-b§

251

055 5 el (& imman Lle o SUlsa 5 ms
s als s 5l 5 es,5005 ek S 4 e S S 0-1Y
a s i Sl Sas B ol $sl e bl b
St CH S b 5k 4 bapld (pl oo el Jsb
Lied g om0 il &S ol by 5 el
o> ol slapls 5l 5 b als ol S 5 0t S
L SYsb Cae (gl Jsmama da gy cpl 53 L5 5 Oy
(338 Jgamn 5> S bl Sl 49) WU b b
B T o RCE RIS LT LI
OB 5 el i O oL Gle 535 Jre s Jases
oS b Jpams et 3 5 a8 5 3 Sl ple
A sk 4 pl by AT sl s sl
Jpams 25 5l 50 5 503 Jis 055 i 0bj
SO glaSSis 5wty sl s SO
Dede Ve, o 4 o520 60

& 3058 3l o Jsame (o 035 KSR, 2
bS53 il 5 s 3550 Ml (55l 3 slaslS)ls
sk el olSaus Sl e Sl 5 st IS O
3305 (2 g e 5 2 3pn 5 Sl O 8 S
osbe 0 a8 (6 s oK ;A Ll cedas i oS
B S 038 Sis 5l S silueslel Slkes bl
GOk U5 4B S I3 S 5 e 5 0l S
oo h 038 Sas gble 5l 0 S olg Cosb,
s 2l o3l 5 2eS Ole) Jpame g SudS (s
BRI ILINESCQEEp IS S EIP-EN PLOGRIFIVES N U Sy
sl 4B Ay Oy 50

o) 0 5 i il gla 3ss il obKen 5 ok
lgp 5 en (Sl e B Yer) 4o Sl Sl
S Ly (obesl 055 Sax 5 (-AC)
o (6 ST Sl sl Sy 03 S
5 Sl DNVl 13 s 3550 Jals ol I 5 S
fboa L Sl s e sl bk
|, ' (HHATB) VU b, U Bl sln b sy Sisdly

)b)ﬁ QT J:S‘U} o3l )\J:? eslae! ))}.A J.c):ﬁ J’dﬁd\f

1. High-humidity hot air impingement blanching



Vo0 )ﬁ;@.ﬁ: JY 69> JAveo a)l.o.j:

Figure 1. Red pepper (Capsicum annuum L.) used in the experiment
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Figure 3. Schematic diagram of a laboratory drying system with an electronic control system

oyl 4 0l osbel gla $sad 3l 0SS sla 035 5,8
L};'-‘J_} ol eukg\}juw&j)ﬁ QY&)C,&-‘}Q/\.{
Sl s ge Cash 4 O Sl s a8 13 s S
&.\.\.}- LSLA‘U)N JU""%.;_}§L54 C)l} QK.Z.AJ )\ "bitf":’ C/-J}

A_JL:MT OKS.\.«:) L c.b.:?r.ﬂ LSLA) 4 QJ‘.:,.A) )‘ o S

253

OF 31 2l llast 5 dl b b 3 €530 a3l58 4 4z 55
Lﬁycueb‘bwf@)bJ;&SJ\}-@‘(*JJLO)}U:MJJ
Ol Jol8 wad 5 (a2ds Yo ) oS S 5l o 5 Bl L

rl;_ali0.0lgu:?wg.s;p&b: e J=ls s s



Vo0 )ﬁjé,ich 09> AVvo D)L&)ojl

SR 5 (S S 055 s 0L G S i
opon a Ly ySl (1) Jadorys ing (s pl oS il
)\JSS«MJ: QV\.AT C,‘.‘AJ.:)LA:; V4 JJ‘GMWL@JI Cjﬁm
plmil 5l Jols s 6 Golel LT s e 5

= § &, 50 Design Expert Ver. 13 g Ll 153

ub)\dﬁy)jb@wjowo@bf&%b)]
.m«g@&:@jﬂ&j:n@“;l{uwg)mwsﬁ

olibyl gyl b £-Y
D-) wge oy sSU b 5l eslinal L 05 S Sas Gls il
53wy S sla,sSbLul bl 5~ b (Optimal

O35 Gled Sl a0 Sl ole 05§ S ol ]

Table 1. Factors used in the experiments along with their corresponding levels

Factor Level 1 Level 2 Level 3
A: Air velocity (m/s) 1 2 -
B: Puncher diameter (mm) ' 2 3.5
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Table 2. Drying time and rate to achieve final moisture content in the product

Unpunched Punched with needle 1 Punched with needle 2

Temperature Air Average Average Average
©C) velocity | Drying | gryingrate | Drving | drying rate Drying drying rate
(m/s) | time (h) | o /kgonh) | HMEM) | o /kgonh) | HMEM | ko /koumh)

55 1 23.625 0.1935 22.375 0.2150 15.625 0.3065

55 2 23.125 0.1995 21.875 0.2190 15.500 0.3095

65 1 18.625 0.2450 15.500 0.3035 15.125 0.3810

65 2 17.625 0.2575 15.125 0.3130 12.500 0.3880

75 1 14.875 0.2975 13.875 0.3485 11.000 0.4225

75 2 15.375 0.2990 14.500 0.3315 10.875 0.4295
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Figure 8. Effect of temperature on moisture content and drying rate in the unpunched pepper and air velocity
of 1 m/s (top row), 2 m/s (bottom row)
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Figure 10. Effect of temperature on moisture content and drying rate in punched pepper with needle 2 and
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Figure 11. Effect of air velocity and temperature on moisture content and drying rate in the following cases:
a) Unpunched b) Punched with needle 1 ¢) Punched with needle 2
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Table 3. Analysis of variance (ANOVA) for drying time (min)

Source Sum of df Mean F-value  p-value
Squares Square
Model 9.349E+05 8 1.169E+05 58.58 <0.0001 significant
B-Puncher Diameter (mm) 3.218E+05 2 1.609E+05 80.66 <0.0001
C-Temperature (°C) 5.307E+05 2 2.654E+05 133.02 <0.0001
BC 68672.69 4 17168.17 8.61 0.0028
Residual 19950.00 10 1995.00
Lack of Fit 19921.88 9 2213.54 78.70 0.0873 not significant
Pure Error 28.13 1 28.13
Cor Total 9.548E+05 18
Std. Dev. | 44.67 R? 0.9791
Mean 985.66 Adjusted R* 0.9624
C.V. % 4.53 Predicted R? 0.9454
Adeq Precision 24.2755
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Drying Time (min)=993.06+139.44*B[1]+39.44*

B[2]+228.19*C[1]-40.14*C[2]+41.81*B[1]C[1]+

66.81*B[2]C[1]-4.86*B[1]C[2]-73.61*B[2]C[2]
(11)
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Table 4. ANOVA for Drying Rate (Kg +w/Kg dm.h)

Source Sum of df Mean Square F-value p-value
Squares
Model 0.0938 4 0.0234 305.65 <0.0001 significant
B-Puncher Diameter (mm) 0.0516 2 0.0258 336.51 <0.0001
C-Temperature (°C) 0.0403 2 0.0202 262.72 <0.0001
Residual 0.0011 14 0.0001
Lack of Fit 0.0011 13 0.0001 16.06 0.1932 not significant
Pure Error 5.120E-06 1 5.120E-06
Cor Total 0.0949 18
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Std. Dev. | 0.0088 R? 0.9887
Mean 0.3072 Adjusted R? 0.9854
CV. % 2.85 Predicted R> 0.9788
Adeq Precision | 52.8768
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Drying Rate (kgwykgdmy-h) = 03030 -
0.0544*B[1] — 0.0146*B[2] — 0.0625*C[1] +
0.0108*C[2] (12)
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Figure 12. Effect of drying parameters on the pungency of red pepper
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Figure 13. Effect of drying parameters on the color of red pepper
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Figure 14. Effect of drying parameters on the moisture content of red pepper
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Table 5. Comparison of drying models based on fitting parameters and statistical indices

Model Parameters (k, n, a, b) R? e RMSE
Newton model | k=0.2792 0.9613 0.012506986 | 0.110866354
Page model k=-0.1027,n=1.3692 0.996108637 | 0.000376019 | 0.019053944
Midilli model ; z (_)09332351( =-0.0867, n=1.4043, 0.998927265 | 0.0001075 | 0.010004151
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In this study, the effect of temperature, air velocity, and punching of
the pods on the drying process of red pepper in a cross-flow tray dryer
was investigated. Red pepper samples were dried at three
temperatures (55, 65, and 75 °C), two air velocities (1 and 2 m/s), and
three preparation methods: unpunched, punched with a 2-mm-
diameter needle (needle No. 1), and punched with a 3.5-mm-diameter
needle (needle No. 2). The qualitative indicators of the final product,
including pungency, color, and moisture content, were evaluated.
According to the experimental results and statistical analyses, the
optimum drying conditions for red pepper in the cross-flow tray dryer
were determined to be a drying temperature of 65 °C, a punch
diameter of 2 mm, and an air velocity of 1 m/s. Under these
conditions, the drying rate was 0.299 kg./kgam h, the pungency was
0.427 wt.% total capsaicinoids, and the extracted color value,
measured as absorbance at 458 nm, was 3.776. Furthermore, the
results showed that the Page and Midilli nonlinear models provided a
better fit for the drying kinetics of red pepper than the Newton model,
as indicated by their higher coefficients of determination (R?) and
lower RMSE and y? values.
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