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Abstract

The study was carried out to investigate the quality of the wet noodle added with the powders of nopal and
nopalitos from Opuntia ficus-indica. The wet noodles were prepared to the ratio of 3, 6 and 9% (wiw) of
the nopal and the nopalitos based on a flour weight. The initial pasting temperature and final viscosity in an
amylograph decreased as the increase of the nopal and the nopalitos powders. A cooked weight and volume
decreased with the increase of the nopal and the nopalitos powders, while a cooking loss increased. From
the sensory evaluation, the wet noodles included 3% nopalitos and 6% nopal powders were similarly evalu-
ated as the noodle used whole wheat flour. Bacterial counts of wet noodle with the nopal and the nopalitos
powders were always lower than those of the control. Bacterial counts of wet noodle slowly increased as the
increase of the amount of nopal and the nopalitos powders during storage at 4°C and 20°C. The methanol
extracts from the nopal showed antimicrobial activities against Escherichia coli, Escherichia coli 0157 : H7,
Salmonella typhimurium, and Bacillus subtilis, while the extracts from the nopalitos showed antimicrobial
activity only against Escherichia coli.

Key words : Opuntia ficus-indica var. saboten, wet noodle, storage, bacterial count

N = deid Qe ke ARl B FAe) @7 2

H2e Fe| AEH2A fAIGel it expg Ag)

AFEAA Az == dF APshe AdA Fo
Opuntia 4o 43} &ub=t XA A (Opuntia ficus-
indica var. saboten)> AYX|YE fe] chdxer o
v} (nopal)2} &7](nopalitosys- F-8ol] Zo} wiAjm iy
&, olwi3}, A-Fe BA Y 28320 &S
o] gluki MaEgichh. mat MR 7= u¥A
g, Frotels d AR 8el] Barl gleha wizkedy
L2 FAHFHR qle el AR 55 X8
sfal, ANAFRA, HdAHAZ, 28T Ags)
5, FARAY, 1A E Aasted ol4=H, 9§ 9
A BHS MBS FHORE Rex]= oz

Corresponding author : Young-Chul Lee, Korea Food Research
Institute, San 46-1 Baekhyun-dong, Bundang-gu, Seongnam-si,
Kyunggi-do 463-420, Korea

1604

Ao G T, A dufe) Haqase) ety
Aol vAe FastA e Eatel] digr A9, Al
grie] M) Aol B A7, St Alal
e A B4 A7t ¥ase] 9 ¥ dugs
7R Al Ag A7E 719 ol Aol a8
v deluleiziet e FFe7t Ao AR
of If BARELE AlE A glom, dBe| A5
FF271e] mloka Hell sl AU FUAME F
S 10 45 ZHEAEe] AlRE . Fflel|A
AFAdE FAHE A A 22 JHAE
o] AT 9lort ofH 7R Al FAN M Thopgt
8ol o]FofAA 4T et B AFelME AFE
oM AHI Sl Eube AdlAre] Mg 4w v}
oo dBoz AW AzAe FAF Mo ik &

He 2A8 A SR

X
o

L
i



Enpet Al A7 e A4 1605

HE W Uy

=

2ulet delR dujlel 271 BAIFE Ui
el A 1998 28of A, 3 AL FHAE 3}
o A|EE2 AMslgTh & AJ&E chopper® THE)
¥ FAAx sgen, FAE3 AIRE oA chopper
2 9448 F hammer millZ Fa3ted A2 HA 200
mesh ©]3}e] &ulet MelAl SAAZ RS Ay A
Fol] Abg3lg ). AHE FHE YFRIGA T
3ahel 2FEYAEFA DS AlFelM FUEte
AMgslgdel SEARAZ] el AR dele &
718} $ytere 7tz 93%%) 5.9%0)¢gl o, e
L 42%8} 8.5%, ZAWE 14%% 12%, AFE
12.1%%}+ 20.1%2 272t 24 =9

MolE & jol| e I 12| ol 2

supet Molke) geiel £7]15 F5 A4 Wt
Fol ztzt 3, 6 W 9%(wiw) H7FEF F Medcalfo}
Gilles?] B M0 2 o2 J2) 3 (Viscograph, Brabender
Co., Germany)E AHE3led 33jebbE A3 7
AEZ 10% SEE7IE)R dejos e 35C
HE 95°C 71A] ¥ 158 $x3 shgskal 95°C
oA 1587 FAIF o B3 1508 FEE 50°C
742 YAEg obdR o ze RE I3pireE,
HuYE, HIHTe] =gshe A7, 95°CAlA 15%
Fo Hx, FFHE 9 A=A E Tk

P EIPATES

SEEERS ye|gt enlet Adole] duis) 7] 2
48 5 ARG YT 47 3, 6  9%(wiw) A
7haledet. &bt AQAE HUEE AR 200 F
0%y AZQ%ye Aristed 587 ukEE o 3
A ZHERE Al b ¥ 5 Al e] EHE B4
A oF 25mm FA2 HAE YA F, FPAR
AN, 3R HFE 20X20mm #7)2 AHE
A zskgd ot

Ao =2 Al

quel zelAH-E Collado 52 ol wel A
Asdet. &, 4w 50gS S00mLe] B FFael ¢
I 57 &2 F AHAM B2 e 183 Y7
A7) F 2EZF wbAsle) Ame] Feg AAlslge
el Fue AH) FHS A3 AF 500 mLe
ZH5DE AL 114 mess cylinderl] 2 ¥ 71 &

Table 1. Conditions of texture analyser for cooked noodle

Option TPA. Post-test speed 10.0 mm/sec
Force unit Grams Strain 50.0%
Distance format Strain Time 2.0 sec
Pre-test speed 5.0 mm/sec  Trigger type Auto
Test speed 0.5 mm/sec  Trigger force 10g

g Falge) e S ZeET 2 £
gl & uje] sk 8t 500 mL beakere] Heol #HFE
A THEE A9

ArHo] Mo 2

Zg] A, F A4 AxE YA (Color Quest I,
Hunter lab, USAYE AF8-3led L, a ¥ b e A}
i+t

Aymie| TN &

zog Awe) 2AZE Z2HZEA7)(TA-XT2
Texture Analyser, Texture Technologies Corp., USA)
2 At ST 587 F2 F AN B2
ool 187 WA F 28 s 22
* e HrbE platformel] VgHE] i o
A7 3em, ¥4 05cm®] U probeE AHEENY &
Aslgdct. 2217 Aol A Texture Analyser®] 3
HE2E Tuble 13} 22w, 7 Al8e] 2222 63
243l YAFE T3

THsZAL

zajg F4o WA 1830 FE #eAA
[YE ez st AF Ao, 9 ¥
=ez grisiet. &, "ol A dvie &
718 3, 6 ¥ 9% H7I8l "hE MR S
&, Bt 247, FEH 7122 F§Eof diste 1(h
3] vhmchol A ol dE] Frhirlel HeE A
sled Hristodet. FeFAF Ao FAHEH(ANOVA)
22 Azjsigen, f24 AL Duncan®] wHEH|L
(multiple comparison)-& AR&-315 .

MY & Ero| #iE}

Az 2AF Py 208 Fejddd IE5FA 01
mmyll deo] TV EAS] 4Cet 200Ce] HAI A
Aslact. Hwe] 24 plate count agar(PCA,
Difco) HiXE o]&5le] 30°ColA] 48417 wHeFdt v
A5 F 33 w9 Y7 ol &3k

24z gt FAENLE HAR4R (5% TF) A
Aoz BMaT, 3AENE eI B



1606

Table 2. The growth conditions of various indicator strains

A EaletE)] Al 31 A A 6 & (1999)

Indicator strains Media Temp. (°C)

Gram (+) Streptococcus mutans KFRI 1171 BHI 37

Enterococcus faecalis var. liquefaciens KFRI 675 MRS 37

Staphylococcus aureus KFRI 219 TSB 37

Bacillus subtilis KFRI 183 NA 30

Micrococcus luteus KFRI 454 NA 30

Listeria monocytogenes KFRI1 799 BHI 37

Pediococcus cerevisiae KFRI 438 MRS 37

L. bulgaricus KFR1 425 MRS 37

Propionobacterium acnes ATCC 6919 YGB 30

Gram (-) Escherichia coli KFRI 272 NA 37

Escherichia coli O157:H7 TSB 37

Salmonella typhimurium KFRI 191 NA 37

Pseudomonas fragi KFRI 462 TSB 30

Table 3. Amylograph data of wheat flour added with nopal and nopalitos
Pasting temp. Peak viscosity Time at peak 15min height Final viscosity Viscosity
“C) (B.U.) (min) (B.U) (B.U.) stability"
Control 62.0 423 370 353 798 1.2
Nopal
3% 60.5 368 36.0 213 545 1.7
6% 58.6 510 358 240 513 2.1
9% 57.9 590 355 270 500 22
Nopalitos

3% 59.4 583 36.8 378 715 1.5
6% 57.4 600 369 300 620 2.0
9% 57.5 635 36.6 250 545 2.5

Upeak viscosity/15 min height
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Table 4. Cooking quality of wet noodles added with
nopal and nopalitos

Table 5. Changes in color of wet noodles added with
nopal and nopalitos

Cooked wt.  Cooked volume Cooking loss

g (mL}) (g
Control 98.4 90.0 2.6
Nopal
3% 94.7 86.4 30
6% 94.0 86.3 32
9% 91.2 835 37
Nopalitos
3% 97.9 90.0 2.5
6% 96.9 88.5 30
9% 95.6 88.3 32
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Table 6. Texture profiles of cooked wet noodles added with nopal and nopalitos

Hardness(g) Adhesiveness Cohesiveness Gumminess Chewiness
Control 768.5 -154 0517 396.6 347.6
Nopal
3% 7439 -17.2 0.522 3704 3420
6% 730.6 =233 0.515 3704 3339
9% 660.0 -25.4 0512 3479 304.1
Nopalitos
3% 700.3 -16.2 0.511 356.8 2953
6% 693.9 -19.5 0.491 3404 279.7
9% 663.0 -27.4 0472 316.9 267.2
Table 7. Sensory evaluation of cooked wet noodles added with nopal
Appearance Taste Texture Acceptability
Control 7.19+1.3 736+ 1.1° 7.36+0.6* 731t 1.1a
Nopal
3% 456+ 1.8 714+ 1.0° 7.00+1.0° 6.31t1.3*
6% 6.56 1.4 7.00x1.2° 7.00+1.3 7.06+1.4°
9% 5.00£1.7° 400+1.5" 464+1.2° 425+1.3°

Rating scale: 1(very bad) to 9(very good)

Means with the same letter in each column are not significantly different.

T A7t w27 F1%] aet §A3 Fohsig et
€719 H7PsErt F71gel wel & Aol ¢l
a2z ol b 3 dufe] AP =8 AR
ke, €719 A% Aesdd. 3 9
TAZA AAEL] Hrlge] FEFF L el F4
3] ZFRA, a 33t b 3 Fvlsle) FAAE a9l
o] Mo sgiont, & AYelME L gte] A W
o By Zasigl o, a e gasiAd xjelz)
ol A7 Saell wet a Fhel FolebAV Radhe
Ro2 AT

2| F Z&zZte| Hat

Luls AR dullel €718 AHrlele] Axg A
HE A2t 2] F AL 2481 TH(Table 6).
A, A4, AL £718 A7 e o)
£ A7I Aol oy 2R yeteny, ¢
A FAAE 2719 g ArlE 2R fakekd
o Zejat S99 A, S9A, AA, AYA, 3
AL duisl 2719 Arbsot S AHa 3
Ao, gzl visted HTA, $3A, a4,
A4, HEAH 55 2tasted z23|7to] vpmix)= A g}
£ B4t ol9} e ZAsb= WS Yy Y-
o] 4 BAAM eleimA 29g ke A A
a4, A, AP A Fol vF F48)
28t vhd, RS HoRgE A4 ole) widiE F7)
= S Jeld 7] 5029 Hilo) u]Fe] E o
A7} Aol wel ) 2A3te] el AL o

¢ 4 U=

=X EY

vt Ml Aol & Hrlsled Z2ig 2ol gl
23, 5, A7), I 71359 §Ee) disld I
FHARE AAEY 2 AA4E Table 74 Jelgich
fntet Aol Al E Arlsled x2lgk wie) e
2ol vis F2 eskevt 6% ¥ 6.56 3t
HZTE] 719 3 Alelelle FojHQl folE Kol
Wit Bt 227, 29 J)ivs 2T 399} 6%
7o FoHl Aolg A kst waebA
£t A dulE Hoksled AeE AZA o
< Aslz 9, 247, 2944 713 Aol 6%7h
A A7HE 9 s AR vehde)l gk &nig A
AR 7€ Hrlsted xe)3 ol digt 9% =k 2
A7}, FEAQ 713xe] 8Fe) sl AR W%
742 3= Table 80 Jelligic). enbet Aqiabe]
E718 3% AUl Zejd WHe oW, =t 27
FHH 73T oA 279 f2x17) gl o)
of vls] 6%} 9% A VTS AS BwtHes gzt
Hel #4097 Jebdot delbd ambg Adelae] o
we}l E715 AH7lsled YHE A3 o) Huj= 6%,
E71%e 3%7HA 7R £ g AoR A=A o
23t A= 7] Fve] HiPE o Az Fpe A
§ BAHAZ 3 Fho] WAL Ao FelHQ
AR gl zeldk 50 9 FA EAL
el Fagk QA2 2H438x] ool RuE 7}



cuke 404 7k 4e) 54

Table 8. Sensory evaluation of cooked wet noodles added with nopalitos

1609

Appearance Taste Texture Acceptability
Control 709+1.2° 6.80£13° 7.00+1.5° 7.00+1.4%
Nopalitos
3% 646+ 1.8 7.13£1.6 7.50+1.3 782+1.2
6% 682112 6.07+15* 575+ 1.1° 6.18£1.3"
9% 4.64+1.2° 37316 3A7£13 309+ 1.1°

Rating scale: 1(very bad) to 9(very good)

Means with the same letter in each column are not significantly different.
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Fig. 1. Change in bacterial count of noodle added with
nopal during storage at 20°C. @ : control, ¥ : 3%, W :
6%, ® : 9
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Fig. 2. Change in bacterial count of noodle added with
nopal during storage at 4°C. @ : conirol, V¥V : 3%, B :
6%, & : 9%
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Fig. 3. Change in bacterial count of noodle added with
nopalitos during storage at 20°C. @ : control, ¥ : 3%, i}
1 6%, @ : 9%
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Fig. 4. Change in bacterial count of noodle added with
nopalitos during storage at 4°C. @ : control, ¥ : 3%, W
: 6%, @ : 9%
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Table 9. Equations of changes in CFUs of noodles added with nopal and nopalitos
Storage temp. (°C) Regression equations Days" Extension(%)
control 20 y=-0.0228x2+2.1013x+1.0021 (R*=0.98) 3.03 100.0
control 4 y=0.0358x2+0.1702x+2.6861 (R*=0.96) 7.53 100.0
nopal
3% y=0.0980x2+0.3630x+2.345 (R*=0.98) 4.52 149.2
6% 20 y=0.0035x2+0.4448x+2.5945 (R?=0.98) 7.25 2393
9% y=-0.0055x2+0.3605x+2.9711 (R*=0.98) 9.9 326.7
3% y=0.0002x2+0.4488x+2.3354 (R*=0.98) 8.14 108.1
6% 4 y=-0.0049x2+0.366 1 x+2.5608 (R*=0.98) 11.02 146.3
9% y=-0.0003x2+0.2145x+3.1935 (R?=0.98) 1333 177.0
nopalitos
3% y=-0.0393x2+0.8575x+2.9822 (R?=0.98) 4.26 140.6
6% 20 y=0.0926x2-0.1067%+3.9717 (R?=0.98) 5.29 174.6
9% y=0.0570x2-0.1410x+4.3531 (R*=0.98) 6.75 2228
3% y=0.0259x2-0.0269x+3.8152 (R*=0.98) 9.72 129.1
6% 4 y=0.0141x2+0.0464x+3 8461 (R*=0.98) 10.82 143.7
9% y=0.0049x2+0.0688x+4.0865 (R*=0.98) 13.95 1853

"Time required to reach 3 X 10° CFUs/g
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Table 10. Antimicrobial activities of methanol and hexane extracts from nopal and nopalitos against various

microorganisms

Indicator strains

Extracts

Gram (+) Streptococcus mutans KFRI 1171

Enterococcus faecalis var. liquefaciens KFR1 675 - - - -

Staphylococcus aureus KFRI 219
Bacillus subtilis KFR1 183
Micrococcus luteus KFRI 454
Listeria monocytogenes KFRI 799
Pediococcus cerevisiae KFRI 438

L. bulgaricus KFR1425
Propionobacterium acnes ATCC 6919

Gram (-) Escherichia coli KFR1272
Escherichia coli O15T:H7
Salmonella typhimurium KFRI 191

Pseudomonas fragi KFRI1 462

C4 o+ 4
:

1: Nopalitos-MeOH extract, 2: Nopalitos-Hexane extract, 3: Nopal-MeOH extract, 4: Nopal-Hexane extract. +: activity,

activity

. no

Table 11. Comparison of antimicrobial activities of methanol extracts from nopal and nopalitos

Clear zone(mm)

Concentration - — — - — - -
Extracts (mg/mL) Bacillus subtilis FEscherichia coli Escherichia coli Salmonella typhimurium
KFRI 183 KFRI 272 O157:H7 KFRI 191
Nopalitos- ;88 _ : ' :
MeOH extract 300 ) 9 ) )
40 - - ) -
Nopal 50 + + - +
opat 100 12 9 + 10
MeOH extract 200 16 14 14 16
300 20 17 18 21
+: weak activity, —: no activity

5%, 9% A7} HlFe & 123% A=2 Z4 A
7\7be] ARHE Ao eyt 4°Ce A Adel
A 27) 3% M7tz d2T| vlskd % 29%,
6% 7} BT o 4%, 9% H7FE AT o
85% AT 7tz AA7|7ke] dAEE Aes EFAH
2ot

webd el A gl W E715 Hrlete A
H0e Az A AHe] vjgETH AAYTIte] o
ZHdog AAEE & 4 U A, u e
240) ALY & AFE AL 15°C o)Al
M AgS, ol WA, o] MYAT|E &
glem, A AFgrt el AErt dox
sloict, ek g e} AlEFFA e AEe A
F47)F 3X10°CFU/g o8tz A& =] sle 7ol ¥
Zo] & o 2wl M MHUIRhl wel Ao
FE)ES AN £ glE ZloE waEH.

£Hict MolXle| HIENES D) 8iit FES2| S g
2apt Aol 3uhg Aria AdeA Mded] F
7h7F 2T W Yalo] upbe AlQlAte] £
= Bl 7|olgvla A zsted ekt Ak
£ o]-&3le] gl Al duje}l £V FEF 300
mg/mLE o)-43le FAIR: # &3} Z=E Table 10
o vlebigich. Table 100 viebd whel ol Awj-n)
e F2Fol a8 SAT F Escherichia coli,
Escherichia coli 0157 . H72} Salmonella typhimurium
o g7 ®EAE Jehlglen, E7]sE FEEZ
Escherichia coliel®t B35 vehiiglcl, 28 AT
Z Bacillus subtilisol|= Sefolebg FFFo] AINE
deligich. &5 geld Er)vkg FEES o
o et F2E0] W ot AIE AN A
= Table 1ol viepgIc). Table 1161 viepd wike} 3k
o], dujleks F2Eo| 714 A JFEAE Ho
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50 mg/mLellAM = B32 e, Bacillus subtilis
S} Salmonella typhimuriumel] 3t EA7}F FHolytom
Escherichia coli$} Escherichia coli Q157 :H79|x 7}
3 f53E Wy ojEgt i Rilel o8 £npd
Aelahs Hrigt e Algse Fvls daFEo A
L Aor wFEget e HAE JFHe §
BEA EAo del g $-EEE AU 9=
z2 galg MlAte] dF £ ek ApaigE |4
7} g asteler A7E

2 o

ube Ao duie) E7)E WrHRel 3, 6 ¥
9% Hrlsted A Z3 Ao FAEANH Faee #
38 AR A dellg €719 Hrlssr) F
7Vtel we} opdE iAol ZaplAleEe HEH

= ARl HudEs Zosisch A 23
F 2% Yu= A duisl £71F Aol ot
g} 74, ze&Ae Sk, 2w #5
72 Az, Ao duleE 6%, E7]1= 3% e
W Fe FAR griEglch Ade] ARTIE F
e AddA geisk 2718 3kl ol #A43E
zrasld ). swbt AdelAe) duf ety &2 1
Y} SAT F Escherichia coli, Escherichia coli 0157
:H732} Saimonella typhimuriumel| 3 E3-E el

oo, E7|oets FEE-2 Escherichia colil|% &
F2 Jepldch 23 SF 5 Bacillus subtilisoll =
Al ghe FEEe] EAE eplidid olg &
T Balol] o8] &mpet QAL Aris Ade] 4
& e dETEG H2 ez woEgch
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