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Flavor and taste characteristic of black pepper
by different nonthermal sterilization methods
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Abstract The purpose of this study was to investigate the changes of flavor and taste characteristics of black pepper
treated with three different nonthermal sterilization methods, which are intense pulsed light (IPL), ultraviolet (UV), and
cold plasma (CP). Also, the sensorial and instrumental evaluation of black pepper before and after nonthermal treatments
were analyzed. As a result of color value, UV and CP treatments did not show chromacity difference (AE), but IPL
treatment showed a significant difference of 6.58. Piperine contents of sample before nonthermal treatments was 10.7+0.53
mg/g and the piperine contents of all samples decreased after nonthermal treatments. The result of the electronic nose
analysis were divided into two groups before and after nonthermal treatments, and divided into three group by principle
component analysis. According to the intensity test, after nonthermal treatments, all sample had low flavor and taste, and
the intensity was in the order of IPL, CP, and UV. In thirteen sensory attribute languages developed through quantitiative
descriptive analysis (QDA), the intensity value of the samples were low after nonthermal treatments.
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o] R 59 Y, piperine T, I F-f(Volatile
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TFE TG 2%, 19 1E, e 2%, & 559 AE
S F9ste] AukAl, &8 L Z3), Bacillus cereus®] SGE
S AT AEY A8E fEte AlFAA FUS 59
SHEE vjg] Age & HAg o d= (kM 5.1x10° CFU/
g, &% % F3Fo] 3.0x10° CFU/g, B. cereus 6.9x10° CFU/g)E
71 SAKY] (R olAloMt, HIEEIHE A AERE AF
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ATk FHEAE A% AlEe 1) BHES st EFHE Al
Ae] ghe-Rol| ol Fudt T A 2ol BAsth APl
AFE-E A4+ (Kwang Dong Pharm. Co., Jeju, Korea)9} B]w &2
Z AR AZEEH AFZHEH(C) Cheiljedang, Jincheon, Korea),
AYZ2Z(Dongwon Homefood, Asan, Korea), 2227, F 52| 4]
ANEe AT HIFRFEANN FYPst ARE-sHAT

ME =X

HI7FE A AF $FAIF Ax HskE dEsr] $E A
5 3cem 93 FHI3H A (petridishyoll 715 Hol HEsA 7
T A=A (CR-400, Konica Minolta Co. Ltd, Tokyo, Japan)S ©]
43t L (WX, lightness), a (A=, redness), b (A%, yel-
lowness)& S43192H, 33] WHE 2235l FAg o= ARSI
3, olwf, EF WTL 1=93.70, a=0.31, b=0.33°]Uc}. M=}
(ABy= AAE] A 55 7502 st 7 A X o

sfe] ABBIYOM, The Aol ols) AT,

AE = J(AL)® + (Aa)> + (Ab)

Piperine &gk A

Agilent 6410B Triple Quadrupole LC/MS (Agilent Technolo-
gies, Massy, France)E AH&-3to] LC MSMS "HO R At E
AT F39| piperine FFE A8 o, A|E= MeOH £
o 0.1g/mL %¢ FZ ¥ 1/1000 3]45te] ARESIATh 4 =
71& Table 13 2t} &4 ¥ Piperine (Sigma-aldrich Co., St.
Louis, MO, USA) E3& 1, 10, 100, 1000 ppbS F-4{5}e] A
S AFAS ENE peak WHOZRE piperine TS T3

Table 1. HPLC condition for determination of piperine contents

Kinetex 2.6 pm Phenyl-Hexyl 100. 50x2.1 mm

Column (Phenomenex, Torrance, CA, USA)
Buffer A 0.1% AA. DW
Buffer B 0.1% AA. ACN
Time (min) B (%) Flow (mL/min)

0 5 0.5
Gradient 0.5 > 0.5
program 10 100 0.5

11 100 0.5

14 5 0.5

20 5 0.5

Injection volume 5 mL

Column temperature 30°C

Frag CID LDQ RT POL
110 15 lIppb 6.65 EST

MRM 286.1>201

Xtz 2y

HI7HE At A5 S5AF] 3 AwS electronic nose
(Heracles 1I, Alpha MOS, Toulouse, France)S ARE-dle] £33
k. A& 0.120.01 g& headspace extractiond}e] E4]5}% o,
oven =X 50°ColA 29 1°CH 80°C7HA] A=Al 3 80°Cell
A Z2F 3°CH 250°0C7HA A=A 2127 SAE 0 1,000 L
2 ImL/min® §%02 FYsigon, T Ao AY MTX-5%
MTX-1701S F33t A]EE5 2 flame ionization detector (FID)Z
AEs9 o™, dolE|A 2]+ AlphaSoft (Alpha Mos, Toulouse,
France) version 142Z ©]&3l91x, 33] Wi =4 sle] Hagre

E ARkt

Aol Zx I}

AFdeta gz gt AghEed S gde R 7]
b Q1A AAlel $39] TEE &9 A= AAE Tl Adst
Atk 2HHE FEHE 60°CAA 0-05%7H4] 0.1% F= 7F
Ao g2 Azxgt o2 ANFEE =AAPH (ranking test) > =2 718t

FHES Y3 T AGE0] 80% ol d 308e AT
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i Axe] FAANTE Fol &9 w3 e HAsEEE )
ATk AlEQ Hrb Ee A u| et 59 o}l A&, Folglo
o AAE A)BE FRE 9 B 15em line 9o FES
H7|3=F sHch A2 7t
SEE SPlow, ywx] gEL EXd Uit Aot ekee =
FABIEE sl & d7e dAFdidy 7|A8EEE S
(Jeonju University Institutional Review Board)2] <18 wo
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MH AHEM(Quantitative Descriptive Analysis, QDA)
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NBE FE WA FrRRE F 9e B 5 QA }Mﬂtﬂ, 37k
Aol A7 23] 2 Y= eH, 105 o) WHEste] X138

st

&| =2 (Flavor Profile)
AAE] A ARe] Wed 54 AolE dokr] flste

APEA b 2 S| Z2y w e 3

g A EHE ZHEY QAREA o Rdsiin. 7

AERE AEE dojell mE T Jleedas B7M A

Al

BARA S B rt A AT AT FFAF
4 A= ztolet S E AEo] 2olE Yo, BAREA Al
Mgl Adojel Alg 7He] AolE Folr7] k] EAHEA
(ANOVA) & LuixiAHEA S Fsi3ien, fFo4S d3
3l7] 913t Duncan UhaH 977 (Duncan’s multiple range test)
< FEIt BE B 49 o] 52 p<0.05%9H, SPSS
Version 21.0 package program (SPSS INC., Chicago, IL, USA)
< ARSI AR A E] AE 559 #5H 54 A
25 B4 Azl gis)] AR B8 AAISIATHXLSTAT, Ver.
2015, Addinsoft, Paris, France).
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sle A 2ok
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oA A Fe agkol FUIEIROH, bEke folF AolE Kol
A kshth. MEAHARE AL ZEpRAe) 29 AT Fol=
Sotel]l 98k <12] A|(Song Park, 1995)¢1 1.5 W2 FA=
Atk ols foteFE FHIY] JE FES UeME FAE
IE7MRE A Fgzv e A3 Kim 5, 2014)9F $FE
ZehibdZal =l A2 (Mok# Jeon, 2013)2F UVCAH 2l (Erdodugt
Ekiz, 2013)2] Ao} FARSIEL vbdel] FE 2~ X2 Fole 1, a,
batol BF Zasigern, Arls 6582 2 2°](6.0-12.008 H
At Fines} Gervais (2004)= AWHAQl =LA Aero 7t
pulsed UVE $5o] 2ALe A3} 2R =& &o] ARl weh
L, a, bakel Aasle AxExr) 857K F7ksked, ole e

Fore] PrisA >33

Table 2. Color value of black pepper before and after nonthermal
treatments

Control IPL uv CP
L 42.7+026"  39.6+£0.96° 41.7+0.55°  41.2+0.43°
a 2.840.04° 2.3+0.09¢ 3.0+0.05* 2.7+0.02¢
b 6.1+£0.11° 4.7+0.30° 5.9+0.12° 5.4+027°
AE 6.58 0.76 1.68
n=3
YMean+SD

“dQuperscriptive letters in a row indicate significance at p<0.05 by
Duncan’s multiple range test.
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Fig. 1. Principal components analysis of black pepper before and
after nonthermal treatments.
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Table 3. Piperine contents of black pepper before and after
nonthermal treatments

Table 4. Sensory score of black pepper before and after
nonthermal treatments

Control IPL uv CP
Piperine contents 1 7,0 531 444017°  9.5£035"  9.0£0.15"
(mg/g)
n=3
YMean+SD

“Superscriptive letters in a row indicate significance at p<0.05 by
Duncan’s multiple range test.

7 T E=EHe Ae] #L, &% 5] Fol A4 7] o
woll &= Jerths 729 ol o3t & ] &4do] i

Piperine &2 W3}

e AT FF9] wjut 8 piperine I WIE &
A3t A4S Table 30 VFERASATE At E] A A5 piperine
TS 10.7+0.53 mg/go| oM, FH 2 A Foll 44+0.17 mg/g
OF 589%] & UAaE Hom, A2 Fek=ut Ay F 9.0+
0.15mg/g® =2 15.9%, X&) A2 & 9.540.35 mg/gl =2 11.2%°]
a5 W3 Piperine 270€] o5 AT o3 7]stol 3 A|(E,
)EA 4EFE N A Yol =EEHH o]yt dojdtiar
HAEA JAHKim3 Kim, 2004). 224 22] 9 piperine 3
o) 7ty Wo =Z5o] piperineo] ©]4d3}ete] dolt &4}
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5 piperine ¥l of7F 7hAste] B AP {FAS AIE
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ZhsTotet 71718 WIlel A

dAe] A5 S5 Ui ¥ert & dEwvt AdE Table
40 vepich. A FEx A F7 M BT S
A 2473 gle] 7P B, ARAAEYH A Aols
el A% A AT nath AaAel A9 Aush AL B
Btze} He 7} foldt Aol S Holq ke Qe Aw 237
S sel 4 AR 1S Usle] AR wel At A
Aot} Al A2l F FF9 Ajo] dytAe] Hdut vl
%a%} 74 9. x-]g Eﬂ,zn}g} 71-o] o}oi‘:_ o A) 0}7] O{E‘ﬂ]%
AEAe vepd A SgAseks Aol Btk ol FHx
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AL ARl F el Slel dretel gl ez
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S ol e Alom yrhgow, A B4 Al 153
ol ofal A A5 vhe] agos FREANE A FAb
g AFS UeRlth ole Al 15489 S0 WEew I
2 B2sro] 717} SRR UER)= Aos wokEt) wat
A Eepzviol L AgAE] Fof AlRTE fol4 AolE B
o)A kAL, AL\ ArAlE o] AR 7P ofsirhal &%

|

st oli® Avks Al 1748 A 27l ola] A
2 A¥e] Ags} Vel aFos TRAYN AT fA1 A%
< Qi) oleiah ARE FEHs} Agnow el @
A7} Qo) W7} F BARA Azsle] uBAZ Awuol
of 3 Aoz Wk

Sensory
atiribuie Control IPL uv CP
Color 6.4+2.19"  9.6+2.48"  4.9+243°  7.1£2.12°
Flavor 10.9£1.75"  6.842.53"  3.4£1.17°  6.4+£2.46
Hot 0242.99°  54+4244>  4142.08°  53+2.12™
Pungent 0.142.88°  6.1+2.62°  4.542.12°  5.8+2.50™
n=30
DMean+SD

Superscriptive letters in a row indicate significance at p<0.05 by
Duncan’s multiple range test.
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HAoh E3 tsixe v 938, ABRIESS] 271 Y
9} 713 4o tiste] zhz} 83, 7.589 st ALEATE A
T3k 81A, Fzte] SRk 8749 At A=A Bt
9] Z3fol= mieul F AY AFEIE, A9 wfgnte] Zhzb
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Table 5. Definitions and reference standards of sensory attributes used in the descriptive analysis to related black pepper
Sensory attributes Definition References In})e_r;sllty
Cool Pine needles toothpaste Smell related with pine needles 10.7
Peppermint Smell related with peppermint tea bag before brewing 10.1
Red sichuan pepper Smell related with Red sichuan pepper 9.5
i Green sichuan pepper Smell related with Green sichuan pepper 9.9
avor Grass Dried pine needles Smell related with pine needles tea bag 8.3
Peppermint Smell related with peppermint tea bag before brewing 7.5
Wood Pine tree Smell related with bark of pine tree 8.1
Medicinal herbs  Star anise Smell related with star anise 8.7
Hot Cheongyang red pepper powder Hot taste related with cheongyang red pepper powder 10.9
Wasabi Hot taste related with wasabi 10.0
Taste Pungent Chinese pepper powder Acrid taste related with chinese pepper powder 9.4
Astringent Green tea powder Astringent taste related with green tea powder 8.5
Nutty Perilla seed Nutty taste related with perilla seed 9.5
Table 6. Intensity values of attributes for black pepper before and after nonthermal treatments
Sensory attributes Definition Control IPL uv CP
Cool Pine needles toothpaste 546 3.54° 231° 3.28"
Peppermint 7.36" 4,92 3.85° 436
Red sichuan pepper 5.74* 3.36 1.67¢ 4,08
Fl Green sichuan pepper 6.64" 3.64° 3.15° 3.03"
avor Grass Dried pine needles 7.54%8 579" 6.15™ 6.10™
Peppermint 6.30° 428" 3.85° 3.92°
Wood Pine tree 5.05% 3.46" 5.64° 531*
Medicinal herbs Star anise 6.21° 236 3.59" 3.77°
Hot Cheongyang pepper powder 8.00° 6.05° 6.13° 7.59%
Wasabi 5.95% 3.95% 3.38° 5.72%®
Tsate Pungent Chinese pepper powder 7.23° 3.74° 415 6.33°
Astringent Green tea powder 497" 3.6288 4.54"8 438"
Nutty Perilla seed 6.51° 6.82° 8.87° 8.23%
n=11
"Mean+SD
NS: Not Significant
*“Superscriptive letters in a row indicate significance at p<0.05 by Duncan’s multiple range test
Cool tensiy b oksteha WSl ol AE ¥ B SRl 3o
ek 2RE, vhE $AFS B =t Hug w4 9
Nutty intensity Grass intensity 1’4_37_ ,‘1_}- L%rjr 94./\]_]:]] H %g\ ]_ ]/H ;@] g] on 7]_ ]_ 3]_14_37_
ZZA]

Astringent intensity

Pungent intensity

Wood intensity

Medicinal herbs intensity

Hot overall intensity

Fig. 2. The mean attribute intensity value with flavor profile of
black pepper befor and after nonthermal treatments. ll Control,

AIPL, UV, @®CP
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3,5,6-tetramethylpyrazine o] FrEel 7] wEelth ol
A A F F5 559 A ol A JeA Jd

1
2%Hgko] AR, Bto 2w w77 Aolgla AL o]E

) FF Eqel Fol el 2 I ATk

7—] 0 §].o]61—

gol 74

o}
=

A= methylpyrazine, ethylpyzazine, 2-ethyl-5-methylpyrazine,
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Biplot (axes F1 and F2: 91.78 %)
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Fig. 3. Principal component loadings and scores of the sensory
attributes and black pepper in the principal component analysis
(PCA) plot, respectively.
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