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Quality Characteristics and Anti-Oral microbial Activity of Jelly Using
Bamboo (Phyllostachys nigra var. henonis) Leaves Extract

Kyung-Lan Park’, Sung-Tae Kang®, Min-Ju Kim?, Hee-Kyung Oh**

'Department of Hotel Culinary Art, Jangan University
Department of Food Science and Technology, Seoul National University of Science and Technology
3Department of Food and Nutrition, Jangan University

Abstract

This study examined the quality characteristics and anti-oral microbial activity of bamboo leaf jelly prepared with different 5
levels (0, 10, 20, 30, and 40%) of bamboo (Phyllostachys nigra var. henonis) leaf extract. The sugar contents of bamboo leaf jelly
were increased significantly by increasing the level of bamboo leaf extract. The luminance and Hunter’s a values of the jelly
samples increased with increasing bamboo leaf extract, but the 40% bamboo leaf jelly had the lowest Hunter's b values. The
hardness, adhesiveness, gumminess, and chewiness increased significantly with increasing bamboo leaf extract. Among the
mechanical properties, only the flavor of the jelly with 30 and 40% bamboo leaf extract were increased significantly. The extract
of bamboo leaves had strong antimicrobial activity against S. mutans, S. sobriuns, P. gingivalis, and P, intermedia at a
concentration of 40%. These results suggest that bamboo leaf extract can be useful in the production of high quality jelly.

Key Words: bamboo (Eugenia caryophyllata Thunb.) leaves, jelly, sensory evaluation, mechanical properties, anti-

oralmicrobial activity
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g S Yol HAr|7RS A8 TH(Yoon et al. 1989;
Jung 1996; Park 1996; Hwang et al. 2001; Kim et al.
2001). 92 & (Phyllostachys nigra var. henonis Stapf)
o] oAAE 67970l AFH sl Aol SA A Az
AL Z(Sin 1979) o o FE=0lM 3 2 I FA7h
SRIE A (Jung 2007), Staphylococcus —aureus, Vibrio
parahaemolyticus®t 742 2F5-ol <ol e ¥lwd =
& FFFAS HIY O (Kim et al. 2001), BIET] C, §7]
Ah, EEHE, ST o=t 22 s Aol v A
Z 5 ck(Park et al. 2016).

TS Mlatol| og HASO =X FAFol| A s
A= Streptococcus mutans, Streptococcus sobrinuse 5 X
E Uo7 (Lee et al. 2008), Porphyromonas gingivalis,
Prevotella  intermedia= TFHE 'ddThKwon et al
2008). 3 =4 FEE 032% 54 ol2ld X7
THT 237l 60AZEA] A EALL, S0l THESE 4
ol S-AQ a3t e ASRE B Hth(Park et al.
2016).

B AFNME ZHQ(Phyllostachys nigra var. henonis
Stapf) F=HE o] &gt A& Azt H54 5L &
Aslar, S LFQ Smutans, S. sobrinusSt T-H 2]
UF2 P gingivalis, Pintermedia®l 3t S8 574351
Ao tighk 59 o8 7R3 3R 2 AN =
IE RIFFe =N 59 A AFS A=zl s 7124
BE Alstaat gk,

P depds Fgrelx] Ak AL SH(P nigra

ar. henonis)2] Ao Z 20173 3¥ol FYP AxXS T
A2l Bakshax Aol Akg-stint. Aetel (Samml Co.,
Ansan, Korea), 22| 79 (Daesang Co., Gunsan, Korea) %
W EHCT cheiljedang Co., Incheon, Koreaye Al5ollA -
ste] Aol BaAstHA ARSI

2. &g FZU HZE

=9 100 gol Z7F4 1,000 mLE 7Fk] 100°CollA] 641
7+ &9t 33 A AR F FF F rotary vacuum
evaporator (N-1000S-W, EYELA, Tokyo, Japan)= 4 Brix
St WARASHA A|RE AT

3. 5
Zo
H

EH MUt M| M=

ZA8 ek Al AYA+(Kim et al. 2010;
Park & Park 2012; Joo et al. 2015)E FaL3le] oH] g
< AA <Table 1>3 22 vigH] &= Azt 1L 87]
of FH FENE 77 FEEHRE Yol FTHT &3lAA
70°C7HA] 7HEs & A LS HUlkete] ebds] &
SAIZITE B o2 1L 87190 SR/ 200 gollA AgE 15
g 2o 287 XS & o7l A", &y Y F
0] &l SHTE WA Fol 100°ColA 3% 3t 7t
g3t 7HEe] gEE T A0A 3087 Wkl 4°C
incubator (BF-150LI, BNFKorea Co., Kimpo, Korea)ollA]
3AZE o] o]Foix]l & Alg = ARS-EI T

4»

4
X

A7rek ARle] pHe AEE SHTE 108)
(wiv) 3| 38tal mpafjste] o #gk & pH meter (Theromo
Orion, YK, USA)E ©]&3l33, F=e T=7(Atago,
Tokyo, Japan)g ©]-&-3tom 7zt 33] SA st HH3tS
ARFstdet.

=9 F29E Ariet Al dAee ARE AT A7)
o] A Z& T AT A(Chroma Meter CR-300, Minolta,
Co. Ltd., Japan)E ©|&3l] L (HE), a (BA%), b (A
EREE 33 S5t Wtaks AlLksiich

6. Texture &4
ZH3A ]9 Texture= Texture analyzer (TA-XT2i, Stable
Micro System Ltd., Godalming, England)E AF&-3le] &%

<Table 1> Formula for jelly with bamboo (Phyllostachys nigra var. henonis) leaves extract

Sample Distilled water (g) Gelatin (g) Sugar (g) Oligo sugar (g) Bamboo leaves extract (g)
Control" 400 15 40 40 0

BL1? 350 15 40 40 50

BL2Y 300 15 40 40 100

BL3Y 250 15 40 40 150

BL4Y 200 15 40 40 200

DControl: jelly with 0% bamboo leaves extract
PBL1: jelly with 10% bamboo leaves extract
IBL2: jelly with 20% bamboo leaves extract
“BL3: jelly with 30% bamboo leaves extract
9BL4: jelly with 40% bamboo leaves extract



st th A2 A4S Sample size (2x2x2 mm), Test speed
(1.0 mm/sec), Strain (30%), Time (3.00 sec), Force (0.5 g)
2 YAt Zt A5 e] 7%= (Hardness), 413124 (Fracturability),
2 (Adhesiveness), B2/ (Springiness), -5-%-d (Cohesivenss),
7173 (Gumminess), 34 (Chewinessy> TPA (Texture Propile
Analysisfi- 0.2 33] A3l HFgkS ATt

7. 2SLAL

=dAde)e] Wsrke AEse dedhe v
S o E He H7PPH Bkl sl Z-is]
st AT 3 ARG A7) (2x2x2 mm)e] A E &
A AR, BE AR HE= GFREE o83t 32
g AR FAEITE WP 7R HEREA 5o =
STE =2 HAFE VSRS S, WrtegES A
(Color), B¥(Taste), 3F(Flavor), X217 (Texture), AA|Z <] 7]
S %= (Overall quality)® 3Fth.

o
>

Ao FXdLE Streptococcus mutans (KCTC
3065)2} Streptococcus sobrinus (KCTC 3308)E AFE-3F
3L, Porphyromonas gingivalis (KCTC 5352)9} Prevotella
intermedia (KCTC 5694)y= 7302 ARE-3iitt. o] st
a4 A AT PIEARIAIE (KCTC, Daejeon,
Korea)oll A Egitol FAMEHZE A Y. S mutans2}
S.sobrinus=Trypticase Soybean Broth (TSB, Bectonand
Dickinson and Company, Sparks, MD, USAMIA]ol &3}
& 37°C, incubator (JISICO, JEIL Scientific Ind. Co.,
Ltd., Paju, Korea)ollX] 24A17F 3713 wi%kS 319,
Pgingivalis®} Pintermedia= TSB BIX& AM&-3te] 714
W FB7°C, 24117 E AAlEHTt

9. 0|ME2| M=M=

=9 F=9L membrane filter (0.2 um, pore size,
Toyoroshi Kaisha, Ltd, Japan)Z Al A|7|3L, 7} F=HS
10, 20, 30, 40% F=E=E 50| TSB il H7elsitt.
ol 7)o ¥l FF(10°~10’"CFU/mL)Z 100 pLA %3}
37°CoA 60A17F vl FSEHA 12417 7HA S 2 microplate
reader (Bio-Tek Instruments Inc.)& ©]&3lo] SE=E 650

o= 285
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10. SHIAME|

B Aol BA A 2= SPSS program(Statistical package
for the social sciences, version 20.0, SPSS Inc., Chicago,
IL., USA)S ol&stth. 7 At 7k Zpole] {24
(p<0.05) HAZEL EAHEA(ANOVAYS 3la, 2 Az wkz}
Duncan’s multiple range test2 AF3-774S 31t}

m. ZAx gl o

1. pH

=4 F29 Ut ol WE A2]e] pHE <Table 2>0]
AAE viel 2} pHe 59 5598 J7HA &2 dx
Toll Hls] 9 559 10%E H7ieh A7t fo4o2 7t
& =Rou, 9 F=A Zrhel et Fo2Q1 Afele v
ERA] 2k TH(p<0.05). o]#f gt A= Park et al.(2016)2]
=99 o|slsty A AeA] 59 FEENA citric
acidE H|E3l] 652 714 o] HEHATL B
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= 7
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Ko

=9 F2Y9 HJ7F ol i APle] Y= <Table 2>
of AAE vie}l At 9 FEA ] Hrbge] SRS
et FoH R A YERETH(p<0.05). ©]= Kim et al.
(2001)] AFoA FH FEFEY FEITSE sucrose,
glucose ¥ fructose’t HEEHATHL HIg=H], oA =
4 FE2 HrHl w2t dge] dx FThl S vzl
2o 2 Atg

=8 F2A A7E el whE Az]e] A5 MShs <Table
3> AAE wpel Aok Bl B S99 FE F7t
Fol S7IETE B ghol felHoR Skl o, 59
FZA 10%2h 20% A2 AolellM = fe)#]l ezt v
ERA] e9kth(p<0.05). A =@l A= F9 F=

40% H7F Al 7P wkeH, 9 =29 HrW|ge] SU1E

=~

<Table 2> pH and sugar values of jelly with bamboo (Phyllostachys nigra var. henonis) leaves extract

Variables Samples”
Control BL1 BL2 BL3 BL4
pH 6.45+0.28%3) 6.84+0.90° 6.76+0.19% 6.71x£0.21% 6.68+0.10%
Sugar contents 28.17+0.76¢ 28.85+0.21¢ 28.93+0.50% 29.27+0.55° 32.80+0.40°

USamples are same as in Table 1
IMean+SD

IMeans in a row with the different superscripts are significantly different by Duncan’s multiple range test at p<0.05
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<Table 3> Color value of jelly with bamboo (Phyllostachys nigra var. henonis) leaves extract

) Samples”
Variables
Control BL1 BL2 BL3 BL4
L 10.25+1.4273) 15.89+2.947 16.77+3.83% 11.59+0.36 16.22+0.39*
a 0.18+0.12° 0.13£0.65" 0.24+0.14% 0.45+0.35% 0.91+0.38"
b 2.91+0.36° 2.01£1.112 2.02+0.65 1.2940.52% 0.53+0.19
DSamples are same as in Table 1
IMean+SD
9Means in a row with the different superscripts are significantly different by Duncan’s multiple range test at p<0.05
<Table 4> Texture properties of jelly with bamboo (Phyllostachys nigra var. henonis) leaves extract
Samples"
Variables
Control BL1 BL2 BL3 BL4
Hardness 146.54+10.5294 164.89+6.95¢ 191.28+4.60° 244.92+10.79* 223.78+7.32°
Adhesiveness -4.57£0.52% -3.55+2.01° -8.48+3.45™ -7.90+3.20™ -12.64+2.23°
Springiness 0.92+0.01 0.92+0.01 0.94+0.02 0.95+0.01 0.93+0.00
Cohesiveness 0.49+0.07 0.49+0.01 0.49+0.00 0.48+0.01 0.47+0.01
Gumminess 138.69+10.11°¢ 174.08+4.60° 149.26+5.89° 222.11£18.66° 204.39+7.50*
Chewiness 126.05+9.58° 159.21+5.18" 135.59+7.94% 207.82+10.23* 187.13+£5.01*

DSamples are same as in Table 1
IMean+SD

Means in a row with the different superscripts are significantly different by Duncan’s multiple range test at p<0.05

<Table 5> Sensory characteristics of jelly added with bamboo (Phyllostachys nigra var. henonis) leaves extract

) Samples”
Variables
Control BL1 BL2 BL3 BL4

Color 3.95+1.752N8 4.48+1.01 4.26+1.33 4.26+1.56 4.10£1.41

Taste 3.15+1.59NS 3.53+1.45 3.13+1.30 3.58+1.17 3.23+1.39
Flavor 3.05+1.322%9 3.48+1.24% 3.18+1.22% 3.79+1.40° 3.73+1.26*

Texture 3.90+1.48NS 3.88+1.45 3.67+£1.47 4.00+0.94 3.70£1.59

Overall preference 3.28£1.57NS 3.55+1.45 3.18+1.36 3.53+1.12 3.20+1.52

USamples are same as in Table 1
IMean+SD

YMeans in a row with the different superscripts are significantly different by Duncan’s multiple range test at p<0.05

=9 F2A 10%S 20% AT AtelellM= 24l #fo]
7} YRR 28kH(p<0.05). Kim et al.(2010) 4 551
A7l wE 4t Ao o)sietd IsA A4 4 E
= 7t v)go wE Al HAwel AT RS
Tl Barsed B Aol Astel fAleh e BT

=9 FEdo] Hrid Ao EAS A3 Axe=
<Table 4>9} 7}, 7374 (Hardness)d] 739 =9 F=H¢]
5 :|

o
FZolo] 7NN FYe AR F Afd Bl 71
of Aol BeFE w2l Ao ARHL} ol Aske

A% duf F209] IR w7t 2575 Ao A=
7 msithe Aste AR A3 LRl Akson e al
2005). -2 (adhesiveness)?] 745 tZ+oF £ FE
10% F7H7F 7P W 3s vehilem, 59 7= 3
7hFo] S7VETE FolHo® wobAA BL4 (40%)7F 7HE
=& 7S YR tH(p<0.05). B34 (springiness) ¥ -3
“d(cohesiveness)®] 7-¢-= 594 F=A H7ll we} {FoF
¢ zbel= Holx ¢Skt 7/3(Gumminess)ot 343
(Chewiness)®] 7% tiz=77F 7Hd Bk ke vepllon, =
d FE2Y H7be] VTS fojH o= EolxA BL3
(30%)9F BL4 (40%)7} 714 =2 ghe WERAATH(p<0.05).
o]9} 7+e Ak= Kim et al.(2006)9] S 22 37}ego)
Z7FehA 3ol olitks A¥et fAR A3 B



=9 F=d A7t ol e Aele] M Hsl= <Table
550 AAE ukel 2ok M(color)e] B4 TS ¢
F= AglFollA FoHQ] Aol HolR] BT} Bhtaste)
o] A= F9 F=2 ko] S71Eel wet o2l 2b
ol UERFA] 243k} o= Park et al.(2016)2] Aol A]
=9 FE2E F2192 sucrose, glucose E fructose, 71
2O 2= citric acid®} succinic acid 2 ZFE 714k HE
Ao By, o)A 9 AR ekl e
23 fF714F o] 23k o|Fo] FH F= H7F A
o] glo] fAlsHA et Aoz AlgHt). d(flavor)e] 7
= d2TEY S9S JUKS AHETaA =0aL, 59 F
= 30%2F 40% Az]FolA 7T EUTHp<0.05). =4
(texture)?} AHFA Q] 7] 3 %= (overall preference)2] 2= T
7ot =9 FE2Y H7HE AlolollA A<l Aol 7t yEed
UA] egskom, ol ¢ FEHE HUks Aeje] A, g
227 2 ARl 7ses UER2Te AR A3 YE
WATHL AtEE )

6. TZAMIToll CHEt et

=9 F= A Tl wE FA FEER] S, mutans
3065}t S. sobrinus 3308, XA AAFA P gingivalis
53529} P intermedia 56949 Uik A& A a5 ZAlSH
AAES <Table 6~9>0] UERHATE. <Table 6>l VR A

= B S mutansiF = 59 FEAS A7 82

OH

o 55

o
o
00
ro
2
o
il

== Tt o TYMEON CHE BRET 287

3
(p<0.05). = F= Aol WE A B S, mutans
of g AAIAaHE An, Y FE29S HrIsA
e 2TE Ml F 48A7HNA, 9 FE 10% A
T WY T 2407 o], Y FEN 20%2F 30% AT
= g 5 2477104 A4S AlEFete] 60A1ZHA 7S
WltH(p<0.05). =8 F=9Y 40% ABTE vl 124171
0.D650%%°] 0.12°121} 60417l = 0.156°2 T} A
Tl vlete] Mol F2Ale]l dAE] A = A Thp<0.05).
Table 79 Yebt Ax= BH S sobrinusd|M =9 35
Ae H7FHA] @2 tizTel vlsl] 9 FEY 40% A
TollA] wiF F 12, 24, 4817kl met 0.D650%k0] 7217
°2 7P Wt (p<0.05). =9 F=A ATl wE vk
A7 &8 S mutansell 3 A TAE AHEAE, £
FEHS HrbehA] et v = 12A17HEE] 604
ZWHA 0.D650% 0] AdtA] ¥ttt 59 = 10% A
= WF T 60x17 A, S FE= 20% AT Hl
& T 487 o] FHE, Y FEY 30%F 40% A=
Hjok 5 24X 7ke) M]3 12, 48, E 60X 7HlA] folFo s
45 YERETHp<0.05). <Table 8> UEht A& 1
H P intermediadlN = 9 FEHE H7ISHA] &2 tix
T Blal FH FE2H 40% AT wWiEF T 12, 24,
48, 60A1 7kl mEF 0.D650% 0] FolH o= 7 WA YEt
FTHp<0.05). =8 F= Aol wE ujgAZ E P

<Table 6> Antimicrobial effect of bamboo (Phyllostachys nigra var. henonis) leaves extracts on the growth of S. mutants

Samples"
Incubation (hr)
Control BL1 BL2 BL3 BL4
0 0.049:£0.0222P9 0.035+0.00<¢ 0.033+0.02%° 0.043+0.01°° 0.032+0.029
12 0.272+0.00 0.270£0.00* 0.264+0.01 0.259+0.17* 0.212+0.01°*
24 0.241+0.00*® 0.234+0.02%® 0.226+0.01%" 0.220+0.00%® 0.210£0.00°*
48 0.228+0.00C 0.224+0.008 0.219+0.00:8¢ 0.21340.0028¢ 0.20540.0204
60 0.226+0.00%¢ 0.218+0.008 0.215+0.00¢ 0.197+0.02°¢ 0.156+0.03¢8

USamples are same as in Table 1
IMean+SD

YMeans in the row (a-c) and column (A-C) with different superscripts are significantly different by Duncan’s multiple range test at p<0.05

<Table 7> Antimicrobial effect of bamboo (Phyllostachys nigra var. henonis) leaves extracts on the growth of S. sobrinus

Samples"
Incubation (hr)
Control BL1 BL2 BL3 BL4
0 0.038+0,00°™-58 0.039+0.00¢ 0.032+0.01¢ 0.03420.01¢ 0.033£0.01¢
12 0.286+0.01%4% 0.279+0.0024 0.2750.002AB 0.257+0.00>8 0.244+0.028
24 0.296+0.00** 0.293+0.01*A 0.291£0.01*A 0.288+0.00%4 0.275+0.01"
48 0.287+0.04 0.289+0.01%4 0.260£0.03B 0.250+£0.0128 0.232+0.01°8
60 0.269:£0.02N5A 0.255+0.02° 0.250+0.00° 0.25120.00°8 0.250+0.018

DSamples are same as in Table 1
IMean+SD

YMeans in the row (a-c) and column (A-C) with different superscripts are significantly different by Duncan’s multiple range test at p<0.05
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<Table 8> Antimicrobial effect of bamboo (Phyllostachys nigra var. henonis) leaves extracts on the growth of P. intermedia

Samples"
Incubation (hr)
Control BL1 BL2 BL3 BL4
0 0.038+0.012N5¢ 0.037+0.00¢ 0.035+0.02° 0.032+0.00° 0.033+0.00°
12 0.274+0.00°% 0.250+0.00°® 0.238+0.01<¢ 0.226+0.00% 0.216£0.00°¢
24 0.318+0.00 0.307+0.0124 0.287+0.02%* 0.286+0.01%* 0.259+0.02°*
48 0.279+0.01%8 0.272+0.01%® 0.261£0.028 0.255+0.02:8 0.237+0.02°8
60 0.274+0.01¢® 0.260+0.04<8 0.259+0.01%B 0.258+0.0128 0.257+0.01248

DSamples are same as in Table 1
IMean+SD

YMeans in the row (a-c) and column (A-C) with different superscripts are significantly different by Duncan’s multiple range test at p<0.05

<Table 9> Antimicrobial effect of bamboo (Phyllostachys nigra var. henonis) leaves extracts on the growth of P. gingivalis

) Samples”
Incubation (hr)
Control BLI BL2 BL3 BL4
0 0.039:£0.01209 0.030£0.002° 0.028+0.00°° 0.031£0.01P 0.030+0.00°F
12 0.291+0.00*4 0.286+0.00*4 0.268+0.00°* 0.260+0.01°* 0.221£0.01*
24 0.284+0.01%4 0.280+0.01*4 0.2550.01"* 0.222+0.014B 0.206+0.034°
48 0.229£0.04% 0.223+0.00%8 0.220+0.01%8 0.209+0.048 0.166+0.01°¢
60 0.167+0.01N5¢ 0.143+0.05¢ 0.138+0.02¢ 0.140+0.03¢ 0.143+0.01°

DSamples are same as in Table 1
IMean+SD

IMeans in the row (a-c) and column (A-C) with different superscripts are significantly different by Duncan's multiple range test at p<0.05

intermedia® T+ 4 EAE duEH, S F24
A7FelA &2 vzt 59 F29 25% AETe v
12A]7HE 60417714 0.D650% ] THAakA] ettt Hogh,
Wl F 1287k 20%, 30% 2 40% A TeME o
H QA ZYol| Bl Alste] F2]o] A= ATH(p<0.05). Table
9o YelPd A3E BW P gingivalisol = 59 F=292
A7FsAl o2 tiztell Hlg| S5 F= 40% A 2l7-ollA
g T 12, 24, 48473l et 0.D650%ke] frold o= 7}
& S R TH(p<0.05). 9 w5 ATl o uief
A7t ¥ P gingivalisoll W3 ARG 7E AR, 59
FEAe A7 2 dx2T, =9 F=A 10% 2 20%
AT vl §- 4877kl A 0.D650%ke] stz A =kst
e, 60A7kel 7 WA YEFsTHp<0.05). 5 F=
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Ao, 60M7E Mg F o5 PAESl sl F3iE
AL A a3 BHA) ole e A= Park et al
(2016)°] sAAE S H7HF Sl weh 7R 2l
2! S mutans, S. sobrinus, P. intermedia 2 P gingivalis
o thell ek et Aol dthe Aot fARE AdE B
At

= ot o

o
3 el Azstel A2 £ S5
S48R Aol A RS Yousiel, 59 F2
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A ezl M F9 229 10%S B7K A7t
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o Aol Ve i), B &9 F29l9] 37t
ol 2R RolHoR FAHAL. Ansl HE 2
# FE WheEel LS AR 44D
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zm AV HkE EG FE A7t £Fl 37148

oH
welgoz gasgich. B4 54 23 F9 FEel
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[ o2 o
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==
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