Food Eng. Prog.

Vol. 26, No. 3. pp. 168~176 (2022.8)

DOI https://doi.org/10.13050/foodengprog.2022.26.3.168
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

BAHZ|0E #IIe 2xlf &8t
43)
A el who] 94 E 9]

g

Food Engineering Progress

A Study on the Quality Characteristics and Antioxidant Activities of
Fruit and Vegetable Jellies Mixed with Boswellia

Yen-Hee Jung and Sun-Choung Ahn'*

Dept. of Bio-food & Foodservice Industry, Shinhan Graduate School
'Dept. of food Science & Culinary Arts, Shinhan University

Abstract

This study examined the quality characteristics and antioxidant properties of fruit and vegetable jellies mixed with
Boswellia. Jellies were prepared with 0, 2, 4, 6, and 8% Boswellia, sugar and konjac. As a result, the pH of
Boswellia jellies decreased to 5.19, 5.05, 4.94, and 4.84, respectively (p<0.001). Their L-value, a-value, b-value, and
hardness increased significantly with increasing levels of added Boswellia (p<0.001), while individual phenolic com-
pounds increased significantly with increasing levels of added Boswellia. Free sugars and organic acid contents had
the highest bw10. The total phenolic compounds had the highest BW5 (112.9 mg TAE/g), BW10 (99.41 mg TAE/
g), and while the ABTS activities showed higher values than the control group. Overall, Boswellia can be used to
produce high-quality jelly, which is expected to help develop excellent functional jelly products.

Keywords: Boswellia, quality characteristics, antioxidant properties, total phenol, DPPH free radical scavenging activity
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B2 o} Al2telBoswellia serrata)y= HoFXE]7} &
T R AR AxXT AN £EH e UFE BAd
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A= M=
A g9 AZE Kang et al. (2017)2F Cho & Choi (2009)
94 Oﬂ—?a s, QuAF o A A TFIE A
5 Table 12+ Fo] ] &3t 52 HAAAZ(CAS,
SW—lS, Yangjou, Korea)S ©]4-3}e] 7)#atal H Ao}
oS 747t 0g, S5g, 10g, 15g, 283 20 g2 #H718bH
A olojM &gt Alﬁ% F 70°Cell A 7+E A7
AR 2ok Yol &aiAzeH, 717 UM £
A VMo RRE 2 WFo] 127 /LR Tt
Tt o] F 5°CA oF 2027 A3 T Aol AH8-st

ATHFig. 1).

A

2> H ol

BN

pH, < FH g 7184 33y =4

A e pH S42 A& 5g /T 45mLs H7tsto
2 7]1(AM-7, Ni-honseiki Kaisha Co., Tokyo, Japan)©il A]
4% F9F 12,000 pme 2 FA3}E AL, 1087 EEA S
AAEE 3 o]F, 5 NS 3431 pH meter (Lab 870,
Schott Instruments, Mginz, Germany)E ©]-&3}o 33] =4
g & HHAp o2 e

Ao FEAY AL Ax7t &5E NEE 2g2

Table 1. Formula for funtional jelly with different amount of

Boswellia powder (unit: g)
) Samples”
Ingredient
CON BWS5 BWI0O BWI5 BW20

Water 100 100 100 100 100
Mixed juice? 100 100 100 100 100
Sugar 30 30 30 30 30
Konjac 4 4 4 4 4
Boswellia powder 0 5 10 15 20

DCON: mixed jelly with boswellia powder 0%.
BWS5: mixed jelly with boswellia powder 2%.
BW10: mixed jelly with boswellia powder 4%.
BW15: mixed jelly with boswellia powder 6%.
BW20: mixed jelly with boswellia powder 8%.
IMixed juice: mixed juice with 100 g of apple extracts, 100 g of carrot
extracts and 30 g of beet extracts

Prepare extract juice of apple, carrot and beet and
mix with water based on Table 1

l

Boil the mixture at 70°C and boswellia serrata extracts
based on Table 4

l

| Lower the temperature when bubbles start to come up |
l

‘ Cool off at 5°C for 20 min |

Fig. 1. Manufacturing process of funtional jelly with different
amounts of Boswellia powder.
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AlFetel Abatar, &A dojx A oM & 4 7](ML-
50, A&D Company, Tokyo, Japan)E ©|&3}o] 33] =4
shaAtt.

Agle] 7HA ALY S-S AR S50 /T 45mL
< H7tste] A2oA A7 B 3 YAE 7 1Y
EAE ol&ste] S5kt

ANz =24

A 2] 9 =7 & A X}A(Chroma Meter Cr-300,
Minolta, Tokyo, Japan)g AF&-3te] ™ E(L-value), 24 =
(a-value), S = (b-value) 7S 4319 oM, zZ+ A8 &
33] WHE SAste] 1 ks Uepila, 35 A
(L=96.68, a=0.26, b=1.89) A}-8-3}o] =43} T}

A

Texture <7

Ag]o] 223 = Texture analyzer (TA. XT PLUS, Stable
Micro System Co. Ltd., Surrey, UK)E AM&-3l 433
o} A Z3 AYE 7EAExECIS 2 cmx2 cmx3 cm&]
A delzm skl AFEATE 36 mm cylinder
probes =% ZHASZ ALE3}e] pre-test speed 1.0 mm/s,
test speed 2.0 mm/s, post-test speed 2.0 mm/s, distance 5
mm, time 3.0 sec, tigger force 5.0gS 2 3t} =34 3 A
%l force-distance curveZ Az]e] YA, F2Hd, 4
XA, A8 23 BEAE 33 SAst] BARES
g},

freld & 54

Ao F8gd =4 L Dionex ultimgte 3000 (Thermo
Scientific Dionex, Waltham, MA, USA/pump, auto-sampler,
oven) HPLCE A}-£3}% 3, Chromeleon Ver6 softwareS
ol &3t} 19 E2lE Sugar-pak (Waters, 300 x 6.5
mm, Milford, MA, USA) columne AFE31932 ™, column
9] 25+ 70°CE At 752 0.5 mL/min® 2 319,
waterE ©] 5/ o2 o] &34}l Shodex RI-101 detector
(Shodex, Yokohama, Japan)ell 10 uL Al5E F3t] =4
Skt

714 F 5

Aol f714F B24& Ultimate 3000 (Thermo Scientific
Dionex, USA)E A3t F714F £2]= Aminex 87H
column (300x10 mm, Bio-Rad, Hercules, CA, USA) A&
909, column?] &X& 40°CE 31tk o542 0.01
N H,S0, (H,S0, 0.5N& 3]415}a] A}&/Fluka, Buchs,
Switzerland) ©]-&3I1, 42 0.5 mL/min® 2 3} Th A&
FUHFS 10uL= 3k RI (ERC, RefractoMAX520, Japan)
UV 210 nmol|A &4 314t

o

M HlE ke 3 34

Azle] HE sigte FE58 98 AES SFF v
A7 E9F 223 A5kt FE92 0.2 um pore size
©] membrane filter2 3} § FA]ol ©]&3}3{Th. HPLC
7171+ Dionex Ultimate 3000 (Thermo Scientific Dionex)
2} Column Inno CI8 column (4.6 mmx250 mm, 5 um/
Younjin biochrom, Seongnam, Korea)E ©]&3}o] #43}

et

FAEEF 34
Azl o] FHEEFS Folin-DenisH (Folin & Denis, 1912)
& WHyPsle] =AU 100 uL A Eoll 500 uL Folin-

Ciocalteu's phenol reagents % E¢ste] Ao 327F W
23 T2 10% Na,CO, 600 uL=E 7FsliA &3 5 14
7F FS ol WA gt o] YA E o]&5ho
12,000 x goll A 1025t AdZe) & staL 5t 35st
o] 720 nmollA FF= =43 th Tannic acidE ©]-&3}

=
of #EFAS sk on S At

DPPH o &A% &4

A< DPPH #HH|Z 275 342 Blois (1958)°] W
WMo g 243599m™, 0.l mM DPPHE ethanol &0l =
o] Abgatglom, suLe] A28t 950 uLe] DPPH

DPPH radical 471%5(%)
= {1 - (A& F7H+9 F2=/FE7H] F45)) x 100

ABTS =74

Al ABTS gtz 42 Re et al. (1991)2] WHS
Hgste] =43tk &9 148mN ABTS £ 52
mM K,$,0,% 1112 E3ate] 2427 59t dhhol F1
ABTS €948 A A4 734 nmolH E4%= 0.70] H==
34t AlE8 50 uLet ABTS &9 950 L= 7}a}
o] 10:27F A2, ¢ael WA & 734 nmollA SBEE

 EEE

SAXE

RE Age 33 vEste] Algste] Hd(mean)tETH
Z}(standard deviation)2 YERNN ™, A3}= SPSS T2
Z23(Ver. 24.0, SPSS Inc., Chigago, IL, USA)S A}-&-31o
EAHEA (ANOVA)S Aldste] folido] e A-folle
Duncan’s multiple range testl] 2]3}od p<0.05 G0l A Z}
A gZre] ol AolE HFsih Ao olstetE &
AEA, 729, 7714 & ds 9 dsksihe dd

L=
A= 7FZEA (Correlation analysis)S A A] 3} Pearson 7
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pH
2o} Bahg HrlEke dlsle] Ax 7l A
H pH S84 3= Table 291 22t} BAdejo} A7t 7]
54 Al pHE WEZ(CON)e| 538, Bdgjol H7t
& 2%2] BW57} 5.19, H2dg]o} H7HE 4%2] BWI10°]
5.05, H2AdE]ol A7 6% BWI57F 4.94, vpA| oz
B2adgol A7FE 8% BW20o] 4.848 H Ao} &
o] H7HAFE pHZF ARH o2 fadte A AT
At o8 E A= BAade|ol FEE) dHaE #
EprlolEE Egig 2 2 & B2adEske] ¢ H,0,°]
H2dgol FE2E Ut wg} Skl el pH7b

753 7107 Holt),

r_{

784
Eal

© o
o
Hm Mo

o
ik

go} B2 st Axs 7154 A 7He-
A IR ZHAFNE Table 294 2t} CON©| 4.8 °Brix,
BW57} 4.13 °Brix, BW10°] 4.47 °Brix, BW157} 4.60 °Brix,
npx]Eko 2 BW20°] 5.40 °Brix-2 UEFITE B Do}
7 A7bE A & 7154 A tEe] 4.80 Brix2 2
HAZ =& 714 IPES B3 22adobrt 2% #
7HE BW5SOlA 718 o] izl Hls| S =
O}, B2adgo} &0l ZolAFE BW207HA] A4
o7 7 AR FUbskE EES Bt o= Hol
2} Az A(Jeong & Chung, 2017)9} 7+o] Aglof Ho]
2b H7bgol F71ES pHOl FoZ ] HaAE Bt

_L/

/\éjl_

= AT Aot dA ks AFE Bod B3 /M 9
w2 7 Lee (2016)9] Hso w2 7t de]e] A9t
Aot ddx 29 37 e A5(Cho & Choi, 2009)}
o] Bgol FH3 47 8 Hdx 2% HUhel S
T 7MY AR B SUHsve datet visd
& Bt
T

BAadg ol 38 Hylsle] A %8k 7|54 Ay 7

sheF =72 Table 29} ZTh CON©| 24.44, BW57} 24.11,
BWI10°] 21.98, BW15¢] 22.73, Z18]3Z BW20 20.11E =
v/j:OJ]ao} =R _,_fs}ak.o_ H]—H] g:ﬂ O].oq 7L/\
sh= A0 R Uetsth o= BEadEol 8 Hutel o
E AT STV FREEEHS AT ZeE AlsEHTH
olgigt A= tF = H7F Aetsl A (Choi &
Lee, 2014)8} 7Fo] 5 H=9 9] Z7lo| wpE FEshgko)
84.35%0°14 79.56%= At A3} vl=st A YERs:
o} B3t 5%3lx%x B¢ /1EE A2 AFESE Kim et al.
(2007)8] AollM = e HL7F 13.11-16.96%=
e B 7Eke] o
e

o] Z71d =

A_I-|I|:

2o} LS Arkste] A3 7154 Aol M=
e Table 33 e

2ot} A7 Aol HE(LzhHE CONel 23.00,
BW57} 22.67, BW10°] 24.83, BWI57} 24.10, 28]
BW20¢] 25.672 HAdaolrt 7RSS Lgko] 2718t
t FAE B9 HA%E ()] Z$ CONol 7.43, BW5°)

8.97, BWI10°] 11.90, BW157} 12.37, BW20°] 14.90°. %

Table 2. pH and soluble solid contents of funtional jelly with different amounts of Boswellia powder

CON" BWS5 BW10 BWI15 BW20 F value
pH 5.38+0.0172% 5.19+0.002¢ 5.05+0.001° 4.94+0.001° 4.84+0.003* 2,305.321°"
Moisture content (%) 24.44+0.2039™9  24.11+1.122° 21.98+0.639"  22.73+1.545®  20.11+0.287° 10.947
Soluble solid contents (°Brix) 4.80+0.0002 4.13+£0.115° 4.47+0.208° 4.60+0.100° 5.40+0.000° 29.700""
YAbbreviation are referred Table 1
Y All values are Mean£S.D. (n=3)

Mean=S.D. with different superscript within a row (*°) are significantly different (»<0.05) by Duncan's multiple range test.
gy
<0.001
Table 3. Hunter’s color values of funtional jelly with different amounts of Boswellia powder
Samples" CON" BWS5 BW10 BWI5 BW20 F value
L 23.00+1.3239% 22.67+1.137° 24.83+1.050° 24.10+0.436° 25.67+0.987¢ 4411
Colors a 7.43+0.351* 8.97+0.651° 11.90+0.700° 12.37+0.208° 14.90+0.300¢ 1111517
b 3.00+0.173% 3.63+0.351° 5.07+0.379" 5.00+0.100° 7.17+0.208° 110.462"

YAbbreviation are referred Table 1.
YAll values are Mean£S.D. (n=3)

Mean+S.D. with different superscript within a row (*9) are significantly different (»<0.05) by Duncan's multiple range test.

9*9<0.001
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Uepgon A (byE CON©| 3.00 BW57) 3.63, BWI0
5.07, BW15°] 5.00, Z2]3Z BW20°] 7.172 UElsit}. 3
A= (a)eh FAE(Db) B B} vV R Bad]oprt
A7 4= Stk FAE B o3 A= Wu et
al. (2021)] ARARET H71eE ekl o] Atof| A AtAE
o Hrbee] SUHEeE et AR, a8y A ETL
71 g Bysilon B A Ayl dX|s= A

r

of A7k o] WalE Fohn wusgon &
FAE W28 2GS el Aoz wrrE),

Texture =7

H2adg ol 228 Hrbste] Az 7154 A9
Texture =742 Table 49} 72t} 7434 (hardness)S t=
T(CON)°| 2,210.95°1% BWSHE BW207HA] H 2=z
of o] H7HESE HHom Ao Frlehe B
< BAY. &8 (springiness)2 Hdeof £ HUt
ZFol 4% BWI10°] 7H¢ %ot A&7 fFo40 A
ol Holx ¢r3ktl &34 (cohesiveness)S B2~ o}
A7REEC] gEFEYE Ehon iy Hadeo}
7F 7R Al g 7be| BAade ol HrbEel| mE oA <l
2ol = fIATH

774 (gummniess)> BW57F 1,410.182 7HE W&
E H¥on BW20°| 1902412 7H =2 HAAS
t}. 2314 (chewiness)S BWS7F 1,386.04%2 71 yt
S 83 BWI0°] 2140772 7FE =& #S Ad A
Z Yelytth 2 A4 Agea] Bade]o}l ko] S

AV
o (o B ¥R X

A ;g

RRASMY

of we} Aol pH B FiEHFo| Fo4 o2 7HAs3a,
ol Azl Fret A4S ¥ Et thE Textrue 23
FEFS T Aoz Holu gy, 374, I 194
?l zbol= fle Ao yEETh ol A3 Choi &
Lee (2014)2] 5= 718k Ag|A+2F Wu et al.
(Q021)AT-E] AAF F H7bEFo] VS A X7 ot
e A4S Bty B3 Ayl Ak A4S
Rl o133 Ads Aol B Hrlgo] Fr1e
T5 o] s e 4TS = 202 AlEH.
TSt Hadgof ko] HrtEko] FFEFE 4] b
ogt pHe| FA7F Ao 2D TS F o=
AZFE THKim, 2013).

>
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Hagejol 23S Hrlste] Az 7154 Al
g =42 Table 59} 2t} A< (sucrose> CON 110,343.82
mg/L, BW5 117,766.88 mg/L, BW10 116,957.56 mg/L, BW15
105,421.91 mg/L, BW20 103,541.49 mg/LE2 B 2Az]o}7}
H7veol /bl Mt vz Hrh BWseH BWI0S &
7FSFAAL, BWI5SE BW20e st A3 Bttt X=
Felucose)2] 745~ CON 15,684.04 mg/L, BWS 17,641.37
mg/L, BWI0 18,741.17 mg/L, BWI15 16,439.37 mg/L, BW20
16,878.45 mg/LE ©] W3+ BAdo}l Frto] wat thx
o Bt Srbeke A e B3tk A (fructose) 7 CON
17,872.58 mg/L, BW5 19,213.74 mg/L, BW10 19,311.69 mg/
L, BWI5 16,710.43 mg/L, BW20 16,886.12mg/L2 T
= Htt BW5SE BW102 S7tete A&E, 283 BWIS

Table 4. Texture of funtional jelly with different amounts of Boswellia powder

CON" BWS5 BWI10 BWI15 BW20 F value
Hardness (g) 2,210.95177.777%  1,886.82+133.52¢  2,071.48+214.31*  2,092.34+53.065°  2,551.944306.44"  4.748"
Springiness 0.99+0.01 0.98+0.01 1.39+0.711 0.99+0.004 0.99+0.01 0.953
Cohesiveness 0.69+0.06 0.75+0.02 0.75+0.01 0.73+0.028 0.74+0.03 1.824
Gumminess (g) 1,530.25+89.88¢ 1,410.18+94.78¢ 1,559.43£135.83*  1,526.08+27.694"  1,902.414279.59"  4.536"
Chewiness 1,512.70+£95.14 1,386.04+94.69 2,140.78+£1023.14  1,512.25+31.898 1,883.74+294.60 1.289
Abbreviation are referred Table 1.
YAll values are Mean£S.D. (n=3)
IMean=S.D. with different superscript within a row (*9) are significantly different (p<0.05) by Duncan's multiple range test.
e
p<0.05
Table 5. Free sugars content of funtional jelly with different amounts of Boswellia powder (unit: mg/L)
Samples” Sucrose Glucose Fructose

CON 110,343.82+209.852%) 15,684.04+£116.75* 17,872.58+106.45"

BWS5 117,766.88+933.56° 17,651.37£125.47* 19,213.72+147.95¢

BWI10 116,957.56+393.25¢ 18,741.17+£57.19¢ 19,311.694+248.98¢

BW15 105,421.91£295.16° 16,439.37+£56.00* 16,710.43+£150.84*

BW20 103,541.39+980.29* 16,878.45+£57.56" 16,886.12+48.86"

DAbbreviation are referred Table 1.
DAll values are Mean=S.D. (n=3)

IMean=S.D. with different superscript within a row (*¢) are significantly different (p<0.05) by Duncan's multiple range test.
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o} BW20> #askeE 43S YERT ol Kim et al
(2013)°] Hst D71 At} vugS o, @714 A7t
of wpz} vlg|ste] feldol S7tste Adeles tE ¢
< Btk o= HIE, A, @29 3] @ A
A7bg] & Az =l ok A o2 ALsH

71454
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Table 6. Organic acid content of funtional jelly with different

amounts of Boswellia powder (unit: mg/L)

Samples” Citric acid Mualic acid Fumaric acid
CON 137.26+3.697  1,972.70+4.97¢ 5.45+0.07
BWS5 219.27+0.03" 2,138.49+2.03¢ 5.64+0.14¢
BWI10  373.27+£2.94¢ 2,189.03+0.74° 5.95+0.04¢
BWI5  383.38+2.94° 1,879.44+1.29* 5.21+0.01*
BW20 434.84+1.25° 1,906.22+1.38" 5.28+0.03*

Abbreviation are referred Table 1.

YAll values are Mean£S.D. (n=3)

IMean=S.D. with different superscript within a row (*%) are significantly
different (p<0.05) by Duncan's multiple range test.

Table 7. Phenolic acid of funtional jelly with different amounts

of Boswellia powder (unit: mg/L)

Samples” Chlorogenic acid ~ p-Coumaric acid  #-Ferulic acid
CON 7.40+0.05%) 0.00+0.00* 0.13+0.00*
BW5 7.360.01° 0.18+0.00" 0.25+0.01"
BWI10 7.40+0.02° 0.48+0.01° 0.50+0.01¢
BW15 7.53+0.03° 0.50+0.00¢ 0.57+0.02¢
BW20 6.30+0.07° 0.63+0.01° 0.68+0.02°

Abbreviation are referred Table 1.

YAll values are Mean£S.D. (n=3)

Mean=S.D. with different superscript within a row (*%) are significantly
different (p<0.05) by Duncan's multiple range test.
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Fig. 2. Total phenol of jelly with funtional jelly with different
amounts of Boswellia powder. CON: healthy jelly with boswellia
powder 0%. BW5: healthy jelly with boswellia powder 2%. BW10:
healthy jelly with boswellia powder 4%. BW15: healthy jelly with
boswellia powder 6%. BW20: healthy jelly with boswellia powder
8%. Each value is Mean+S.D. Values with different letters above
the bars are significantly different at p<0.05 according to Duncan’s
multiple range test.
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Fig 3. DPPH radical scavenging activity of funtional jelly with
different amounts of Boswellia powder. CON: healthy jelly with
boswellia powder 0%. BWS5: healthy jelly with boswellia powder
2%. BWI10: healthy jelly with boswellia powder 4%. BW15:
healthy jelly with boswellia powder 6%. BW20: healthy jelly with
boswellia powder 8%. Each value is Mean+S.D. Values with
different letters above the bars are significantly different at p<0.05
according to Duncan’s multiple range test.
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Fig. 4. ABTS" radical scavenging activity of funtional jelly with
different amounts of boswellia powder. CON: healthy jelly with
boswellia powder 0%. BWS: healthy jelly with boswellia powder
2%. BWI10: healthy jelly with boswellia powder 4%. BWI5:
healthy jelly with boswellia powder 6%. BW20: healthy jelly with
boswellia powder 8%. Each value is Mean+S.D. Values with
different letters above the bars are significantly different at p<0.05
according to Duncan’s multiple range test.
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Table 8. Pearson’s coefficients correlation analysis of funtional jelly with different amounts of Boswellia powder

pH o L a b MOBIE 1o ey SPringl- Cohesive- Gummi- - Chewi-1p  Aprs pppH
content
pH 1
soluble solid content ~ -.440 1
L -.664™ 553" 1
a -.968" 556" 788" 1
b -921™ 655" 818" 978" 1
Moisture content 797 -565°  -692"  -847"  -864" 1
Hardness -.379 811" 443 480 558" -554" 1
Springiness -.040 -.230 357 163 137 -.224 -.141 1
Cohesiveness -.391 -.126 .369 348 359 =278 -.161 106 1
Gumminess -521° 758" 5717 604 684" -651" 930" -.102 212 1
Chewiness -.260 105 582" 412 422 -.489 262 906  .192 330 1
TP 198 =281 -121 -.196 -.160 -.027 -125 344 354 .007 330 1
ABTS -950" 451 651" 945 912" -753" 368 159 436 528" 376 014 1
DPPH -527" 355 394 528" 549" -563" 266 017 233 355 .168 353 381 1

*p<0.05 **p<0.001
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