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ABSTRACT - To develop a natural preservative as an alternative to synthetic nitrites, we investigated antioxidant
and antimicrobial activities of natural composite extracts (NP-NAP and NP-NAMR) and the quality characteristics on
sausage applications. ABTS radical-scavenging activities ranged from 90.1 to 100% for NP-NAP and NP-NAMR at
0.5 to 1.0% (w/v), while FRAP values at 10 mg/mL were 811 and 770 uM trolox equivalents, respectively. Antimi-
crobial activities (99.99 to 100%) against Staphylococcus aureus, Listeria monocytogenes, Escherichia coli and Sal-
monella - were observed for NP-NAP and NP-NAMR at 0.1% (w/v). Additionally, 89.0-91.4% and 84.7-100%
efficacy against Clostridium perfringens were observed at 1-2% (w/v), respectively. Regarding sausage quality, the
test groups had pH values ranging from 6.41 to 6.57 and exhibited high Hunter’s a-values (23.5 and 28.8) when NP-
NAMR was added (P<0.05). Cohesiveness were high in NP-NAP 1%, but all other test groups except NP-NAMR 2%
showed no significant difference from positive controls (P<0.05). The mean malondialdehyde levels (0.87+0.13 to
1.183+0.39 uM) were similar to those of positive controls (0.93+0.23 to 0.96+0.29 uM). Additionally, microbial
counts (1.10 to 1.32 log CFU) at 1% addition were similar to that of 1.31 for nitrite pickling salt (NPS) at 0.08%, while
counts (0.17 to 0.49) at 2% addition were lower than that of 0.53 for commercial product from Spain (CPS) at 1%.
There were no significant differences in overall palatability among the test groups, except for NP-NAMR at 2%
(P<0.05). In conclusion, natural composite extracts (NP-NAP and NP-NAMR) are considered effective alternatives
to synthetic nitrites and commercial preservatives by meeting food code standards with antioxidant, antimicrobial
activities and stable red color.
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Materials and Methods
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gatsl &4 =4S 218 ABTS™ (C,(H,(N,0,S,(NH,),),
potassium persulfate, phosphate-buffered saline (PBS), iron
(IIT) chloride hexahydrate (FeCl;-6H,0), sodium acetate,
2,4,6-tripyridyl-s-triazine (TPTZ, C,;H,N), (£)-6-hydroxy-
2,5,7 8-tetra-methylchromane-2-carboxylic acid (Trolox, C,,H;0,)
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Table 1. Formulation of sausages with NP-NAP, NP-NAMR and pickling salt

Ingredients (%) NCY pPC? NP-NAP NP-NAMR
Minced meat 86.2 86.2 85.2 84.2 85.2 84.2
Cold water 10.0 10.0 10.0 10.0
Salt 0.80 0.72 0.8 0.8
Starch 3.0 3.0 3.0 3.0
NPS? 0.0 0.08 0.0 0.0
NP-NAP 0.0 0.0 1.0 2.0 0.0
NP-NAMR 0.0 0.0 0.0 1.0 2.0
Total 100.0 100.0 100.0 100.0 100.0 100.0

UNC: negative control, ?PC: positive control, ?NPS: nitrite pickling salt.

Z A= (CIE a*, redness), 3= (CIE b*, yellowness) % A}
(CIE AE)E =743t}
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'% — aureus ATCC 6538, L. monocytogenes KCCM 40307)3 L
§ 80 T AT 23 (E. coli KCTC 2571, S. Typhimurium ATCC
g’ 14028y t’do= #Ae A= Table 29F ) 2 A3,
g * 2% Q) S aureus ATCC 65389] 735, ¥4 T
3 40 24 231214 A% AE(CPS, T10 KR Plus, PROSUR,
3 Murcia, Spain)®] 98.64%% A|2]g BE Al@Tol4 99.99%
w2 olide] 7AES RIY. L monocytogenes KCCM 40307
2 . . o et AlFOME CPS (99.65%)5 ANF BE AFT
01 05 1 ol 27] 25 THH] 99.99% o) el rage HA. &
Addition concentration (%) H % &AFQl E coli KCTC 25719 73“?‘, CPS
B (99.97%)E AL gt BE ARATFoIA 7] #5 tH] 100%

800 f <

600 -

(1 M Trolox)

400 |

200

Ferric reducing antioxidant power

NP-NAP NP-NAMR

Natural nitrite alternative (10 mg/mL)

Fig. 1. ABTS radical-scavenging activity (A) and ferric-reducing
antioxidant power (B) of NP-NAP and NP-NAMR as affected by
their concentrations.

Y3 NP-NAP, NP-NAMR®] kst &40 24 Hol2
2Hl5(FRAP)S 5435 23, NP-NAP= 10 mg/mLof| A
811+24.7 uM trolox®l| 743335, NP-NAMRE 72 &
LoA 770+18.7 uM troloxdll 4@3H= FRAP A4S 1
% THFig. 1). NP-NAP7} t}4 &2 FRAPE HOl A2 o
Al NP-NAP$} /gio] 2+ Zox T34 H7tol| 9
Sk zjo] 2 FE T} Rice-Evans®E green tea 1,000 ppm
©] 3.840.03 mM trolox®] &itslsS BT vl green
tea 200 ppm ©]/3¢] 3itst S Fit

o] 2288 Btk S Typhimurium ATCC 14028914
3 =72l CPS7F Al 0%= S HolA 2
WA o] & A|9gk BE AF A 271 w5 thH] 99.99%
olde] Fage HATh Oh §2& TA w9 Fwd
AA A 10° CFU/mMLS] 7 HEA Fee 32
L. monocytogenes Scott A, S. aureus IFO 306001 T3l 125-
1,000 pg/diske] FXolA S A 371 UKL E. coli
IFO 13168 250-1,000 pg/disk, S. Typhimurium ATCC
14028°= 500-1,000 pg/disk E=olAl A5 Asl a7} 3L
S BRYE B3 Gul and BakhtVe, H3 by o
oA Zgro 2 RE AL 2 121°CoM e B FEE(6, 12 ug)
o] E. coli ATCC 259229} S. Typhi clinical isolates®l] T3
g AALH6-10 mm)S S Slsiinh &, 22 =
E2 4°C, 308 B Foll= gt AL XS v 121°C

B4 9ol % Lwvt g7 BAO| T8 9P
Ci

g4 A HHd 2A0T AlgEH T

Clostridium % C. perfringense 20% ©1°49 #3l 54
& BYele HEAH oM TEH QAL 2R 4 A
St A e A= dHA Y. NP-NAP2F NP-
NAMR®]| C. perfringens®ll W3t o+ S-S S43 A=
£ Fig. 29} 7t} 2 A3}, NP-NAPSF NP-NAMR-S 0.5%
(W)X ZH2E 41.8%9} 24.5%9] # ZHAES BUA 1%

Table 2. Antimicrobial activities of nitrite alternative natural preservatives

Bacteria & S. aureus L. monocytogenes E. coli S. Typhimrium
Results ATCC 6538 KCCM 40307 KCTC 2571 ATCC 14028
Initial Inhibition Initial Inhibition Initial Inhibition Initial Inhibition
Sample count rate (%) count rate (%) count rate (%) count rate (%)
Control - - - -
CPS" 0.1% 98.6400 99.6500 B 99.9694 B
1.7x10° 4.2x10° 3.2x10° 2.2 x10°
NP-NAP 0.1% 99.9980 99.9998 100.000 99.9998
NP-NAMR 0.1% 99.9991 99.9929 100.000 99.9971

DCPS: a commercial product from Spain.
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Fig. 2. Viability of C. perfringens as affected by the concentration
of NP-NAP, NP-NAMR and positive control (PC). NC is negative
control, PC1 and PC2 are nitrite 70 and 400 pg/mL, respectively.

(Wh)RIME ZH2E 89.0%9) 84.7%2 BAL™ 2% (w/v)dl
Me A7 91.4%9F 100% o] ZHags Btk 3
thx791 opE Ak (sodium nitrite) S oFE4F o] &0 7 X
70 ppm (PC1)olM & o] 43R gdgkon opaal o] &
400 ppm (PC2)°IA <k 65.1%2] & FHAeS BTt o
of web A obEAdS Aok HE F(eHEAL o]
o224 70ppm)? Bt} 578 o] EL FERAAME C
perfringens] Wt 65.1% olate] H|wZ w2 g4t &
S 19l "bA NP-NAPS} NP-NAMRS 1.0% (W/v) &
LolX C. perfringens®] T3l 84.7-89.0%°] H|LZ F-2
G FAAE AU Kopjar 522 Hx12] F3 E(total
phenolics) &S 226+0.11 ghkgol I ©] & F84 &
He A8 FEd(total tannin)S 0.69 ghkg SH-3Hok
393 Diaz Carrasco 5208 =31 22&E 5 gde &

3= A= FEEY C perfiingens R S. Typhimurium 5
o] 3t &t TS Busgon §R A E9 (yeast cell
wall)} C. perfringens®| lag phase A< A|7HS 3.6A17F

(

% K

S7RIZIAL A SAES 50% °ld HaAlTe FeR
g UTE?. olof wE} A HdFEE T 52 FE=

Table 3. pH of pilot saussage products during 4 week storage

AAX|S] HE = pH

ol&Ar A WA REZZA EFFZE(NP-NAP, NP-
NAMR)S H7bste] A|zxgk 2A1A] AlAES] ¥4 5 pHE
Table 33 2T}h = A3}, NP-NAP & 71(pH 6.47-6.81)2}
NP-NAMR H7FHpH 6.41-6.68)= nitrite $H Y EHEE
(NPS) 0.08% 71-(pH 6.84-7.10)%} 23| 12F =1 F(CPS)
1% #7H(pH 6.70-7.06) R0} T W2 pH 3he 28=t
o] NP-NAPS} NP-NAMR A4 ¢] pH7F ZH2: 45410 2
424102 H|wF & uiE o2 AlF Tt NP-NAP A7
o} ¥ 94 tIZTF(NPS, CPS)E WA 25 2}71A] pH7} th
2 A5 3 45 2ol vk 7HAE g NP-NAMR &7}
T2 ¥ 15 2l tha S7HpH 6.63-6.68)8 Sl 47 A}
7R pH 643-6572 744 73S BT} 15 2o A% 4
% & A73H= NP-NAMR 37} 2R 9] pH W3} &2
=5 el gk A7 60 ppm sodium nitrite®} 1% =
(S, chard) =2 H7F Ao FAFESIAL NP-NAP2} NPS,
CPS H7HrelA 9] 27 7R &% A & Azdshes 43
& Az (celery) £ 2% H7F =5 el -9k At
Sk Li 579 tea saponins®] d4tsl 2 4 442 pH
ol ol&=gthar sl &, AM(pH 4.8)°14 S, aureus®t
E. colioll gt g EAdo] =2 e 42| (pH 8.0)9A=
90% ©]’3°] superoxide #HH1Z 2A5S BT o]4te] 2
I 2 Aol A 9] pHE 64-7.101 22 3Hitst 8l &)
7 S4& 27 710 F e H9AE AlEE

AAK|O Mz
2R AAE 457 W F AES
4ol epATE. 2 A3, T84 3t NP-NAMR 3
o

Storage time (week)

Sample 5 . 5 2
NP-NAP 1% 6.47+0.059°¢ 6.64+0.015% 6.81+0.021° 6.45+0.026°
NP-NAP 2% 6.47+0.026° 6.60+0.025¢ 6.77+0.044° 6.52+0.026°

NP-NAMR 1% 6.43+0.042°¢ 6.68+0.000° 6.67+0.046° 6.57+0.042°¢
NP-NAMR 2% 6.41+0.012°¢ 6.63+0.049¢ 6.60+0.023¢ 6.43+0.032¢
NPS" 0.08% 6.84+0.026* 6.97+0.023* 7.10+0.031* 6.76+0.032°
CPS? 1% 6.70£0.021° 6.910.006" 7.06+0.006* 6.70+£0.017°

YNPS: nitrite pickling salt, ?CPS: a commercial product from Spain.
*dMeans=SD in the same column are significantly different (P<0.05).
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J=d] NP-NAMR 2% Z7F7E7F 28.812 v|wd 7}
YL T 02 1% H7brolA 23542 EF Al@T TiH]
S

oo E 2 a S HITHP<0.05). HH NP-NAP

1% 2 2% A7}roAs zhzF 505 2 3.759] a e B
gom A hETFEZA NPS 0.08% 2 CPS 1% H7F+
= 247 741 9 6129 a @S BRI W L e T

F ZE2T(67.13-67.62)2F NP-NAP 3 7H(67.62-69.97)
oA NP-NAMR & 71+(57.19-53.48) thv] fej2oz %
S L s HATHP<0.05). FAE b 752 NP-NAP 2%
A7M(18.26)7F Bl A whe e moy F A tix
T(16.99-17.81) thH] 2|24 Zpo]= HolA| ko™ NP-
NAP 2%Z A28 718} A &F(18.65-19. 76)—4 NPS 0.08%
A7HH(16.99£0.44) thH] fFolHo® & FFEoldlont
CPS 1% (17.81£0.85)2}= 214 Aol 7F ¢l tHP<0.05).
AZHAE) A= NP-NAMR 3 7}(50.08-56.04)7} 2] %]
o8 & FF0]9 oL} NP-NAP 3 7}(32.79-35.38)%}
WA TRT(34.91-35.20)0 213 2po]S Kol omq
(P<0.05). & AFolMe] AR AAE(@ #hHe] 7

Wl 5=(Chinese cabbage) ¥'Z 0.15-035% 71 Al a %;E(IO 06
-10.12)2] 28] ©]/d, 100 ppme] sodium nitrite E 7} Al a
%4(8.85)'7¢] 2-3u] FFolA A7 717F F PPt &
AR AZ A T FHAE 5= NP-NAMRE| 37t
= 71E obEAE Y 25 W veFERIAe] Y-S T
A 34 ZIPE QAT F US AoE AlsHTh

Table 4. CIE color values of pilot sausage products stored for 4 weeks

AANK|Q ==EIZE

NP-NAPS} NP-NAMRS F 7l A Z3 2A1A] A&
o 47 Y F ZAS AN = fracturability
Fx1737), springiness (¥H4d), cohesiveness (53 43),
gumminess (F7d), hardness ("d4%=) ¥ chewiness (R TA)
2 Table 59} 7T}, Springiness®} cohesiveness= NP-NAP
1%7} 22} 0.956+0.03 2 0.408+0.03% 2%(ZH2}F 0.89+0.03
2 037+0.02) Bt} F9FHo 2 %o cohesivenesse)
73% NP-NAP 1%7} folF o2 E=gtor} o]5 #|9g 2
E A8 940.366£0.02-0.37+0.02) N & F UA thxT
(0.378+0.02, 0.346+0.02)2}= F248A =kol7F gl th
(P<0.05). Fracturability, gumminess 3 hardness= NP-
NAMR 2% #7H7F 242F 1.90+0.09, 0.69+0.05 2 1.90+0.09
2 1% A7 1.65£0.13, 0.61+0.08 2 1.66+0.13)E.th
FoF o7 =9ko™ 1 F fracturability®?} hardness:= NP-
NAMR 2%7} fro]H o g2 Egtor} o5 A9t BE A
H(ZH2 1.624£0.07-1.70£0.15 2 1.62+0.07-1.70+0.15)]]
e T A R2F(1.67+0.10, 1.73£0.16)¢F 5213 x}o]
7F 1A tH(P<0.05). 3H gumminess= NP-NAMR 2%
(0.69+0.05)7F CPS 1% (0.61£0.06) thH] F&Z o2 =9k
O} o] & A 93 BE Al T(0.60+0.05-0.64+0.05) A =
5 A tIR74(0.64+0.04, 0.61£0.06)S} 2]l =}o] 7t
A THP<0.05). T3+ Chewinesst 2T Al ¥ 7-(0.55+0.08-
0.63£0.07)7F ¥ thZ27-(0.57+0.06, 0.55+0.08)2} F-2]14

Sample L* a* b* AE
NP-NAP1% 67.6+1.3 5.120.3¢ 19.10.4™ 35.4+1.4°
NP-NAP 2% 70.0+£2.7° 3.8+0.7° 18.3+1.1% 32.8+3.0°

NP-NAMR 1% 57.2+0.3" 23.5%1.1° 18.7+0.5% 50.1£0.9°
NP-NAMR 2% 53.5+0.9° 28.8+0.4* 19.8+0.7° 56.0+0.5°
NPS" 0.08% 67.1+1.0° 7.4+0.7° 17.0+0.4¢ 35.2+0.8°
CPS? 1% 67.6+1.8° 6.1£0.6° 17.8+0.9% 34.9+2.0°

YNPS: nitrite pickling salt, ?CPS: a commercial product from Spain.
*®Means+SD in the same column are significantly different (P<0.05).

Table 5. The texture profiles of pilot sausage products stored for 4 weeks

Sample Fracturability Springiness CohesiYeness Gumminess Hardness Chewiness
(kg) (ratio) (ratio) (kg) (kg) (kg)
NP-NAP 1% 1.62+0.07" 0.96+0.03* 0.41£0.03* 0.64+0.05% 1.62+0.07° 0.63+0.07"
NP-NAP 2% 1.70+0.15° 0.89+0.03° 0.37£0.02% 0.60:£0.05° 1.70+0.15° 0.56+0.05°
NP-NAMR 1% 1.65+0.13" 0.90+0.03" 0.37+0.02" 0.61+0.08" 1.66+0.13" 0.55+0.08"
NP-NAMR 2% 1.90:0.09° 0.89+0.03° 0.37£0.02% 0.69+0.05° 1.90+0.09° 0.61+0.06°
NPSY 0.08% 1.67+0.10° 0.90+0.08 0.38+0.02° 0.64+0.04% 1.67+0.10° 0.57+0.06"
CPS? 1% 1.73+0.16° 0.92+0.03%® 0.35:+0.02¢ 0.61+0.06° 1.73+0.16° 0.55+0.08°

YNPS: nitrite pickling salt, ?CPS: a commercial product from Spain.
“*Means=SD in the same column are significantly different (P<0.05).
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o] 7} BA}J\‘:]_(P<O 05). Hxzg7} 2y ez gHS g
3 73} =8 2R 9] hardnessE 2.67-3.03 kg, cohesivness=
0018 Ho] B AFo|x 9 hardness’7} H]A e d1H
cohesivnesss H| & F& FFo|ATHY.

AAIXK|Q| WA = TBARS
2AA A AIES] WA F TBARS (malondialdehyde,
MDA) &3S SAT A%, ¥4 4771 2E AldT

A 2 uM "[Tke] MDA #He
% NP-NAPS} NP-NAMR 2% ZH7Fol|A feojzo=z
vro fFo|loyt AR 717 5 ¥+ TBARS (MDA) &
Fol| A BE A]FF(0.87+0.13-1.18£0.39)01 4 A3 -9
ZQ1 Aol o] FAFsIATHP<0.05). A=, NP-NAPE‘r NP-
NAMR 7} A7 9] WA AlollA e A= AA
2 A (10 uyM)ET} §A 3] $& TBARS (MDA) Shex
E _ui_oﬂou:] /\J.]]o]/\]. /‘01%_ CPS 1% z-]7}_:rl_g]_ o]_z]}\].
ST NPS 0.08% #H7F 4 di=+ ti¥] SAXCE f
oAl ApolE Ho|A] gttt & AFelx ] MDAE g
T uME A 3 0.1-03 pM/gS AT raw sausage )
MDA 0.1 uM/g W9t F-AFFAL fried sausage®] MDA
1.0 uM/g W €] Rirhs W o ATph.

HTHTable 6). B3 45 7]

X

S| A

AAXIQ EE F Djd= S

2AA AAES] W F At AldTE Table 73 2
o} 2 A3, Y R F NPS 0.08% H7HrElAE 0
Z 2} 2.81 log CFUSNA 45 2}71A] 4.11 log CFUE %
7}t o H CPS 1% A7 ¥4 T S4stdA 45 2
o 336 log CFU 58 HEth &8 NP-NAP 1% 37t

£ 25 2} 3.20 log CFUSIA 45 2ol 4.10 log CFU
2 thA 271619 9™ NP-NAP 2% H7FtE 05 2 3.23
log CFUCIA 25 217kA] 3.08 log CFUR 7+4d & 45
ztoll 3.40 log CFUE S7Fstaitt. B=3F, NP-NAMR 1%
HA7Ht= 05 AF 3.04 log CFUOIA S78HAA 45 =)ol
436 log CFUE th4 5718kt NP-NAMR 2% 37+
ANAE 0F 2 2.94 log CFUCIA 25 271A] 3.04 log
CFUE Hom 45 ol 343 log CFUE tt& F718t
Rk 7] 7 giH B 457 A T S7F d(log
CFU)E, NP-NAP 1% (1.06)9} NP-NAMR 1% A7}
(1.32y5 A tET- NPS 0.08% (1.30)2 FrAFSHI S NP-
NAP 2% (0.17)¢} NP-NAMR 2% H7}7(0.49)= 2=#¢l
FAAE CPS 1% H7H+(0.53) tiH] ok AUt o]de]
Az, 7] & 71 3 log CFU =0l w2t 34 5 &
@ ol M37t JdE Zew AdEy NP—NAP 2% A7t

mg o
A

T2} NP-NAMR 2% Z 714 043} thH] & 0.17 log
Table 6. TBARS contents (uUM) of pilot sausage products during 4 week storage
Storage time (week)
Sample Average
0 1 2 4

NP-NAP 1% 0.73+0.18 1.03+0.11 0.69+0.01 1.65+0.11* 1.025+0.44*
NP-NAP 2% 1.17+0.16 1.13+0.09 0.89+0.05 1.07+0.04° 1.065+0.12*
NP-NAMR 1% 0.92+0.11 1.14+0.11 0.93+0.13 1.74+0.10° 1.183+0.39*
NP-NAMR 2% 0.95+0.13 0.77+0.01 1.01£0.11 0.75+0.09¢ 0.87+0.13*
NPS" 0.08% 0.88+0.27 0.72+0.04 0.86+£0.14 1.26+0.07¢ 0.93+0.23°%
CPS? 1% 0.82+0.17 0.80+0.10 0.83+0.08 1.39+0.10° 0.96+0.29*

UNPS: nitrite pickling salt, ?CPS: a commercial product from Spain.
*¢Means%SD in the same column are significantly different (P<0.05).

Table 7. Total plate counts (log CFU/g) of pilot sausage products added with preservatives during 4 week

Storage time (week)

Sample

Total increased

0 1 2 4 counts*
NP-NAP 1% 3.04+0.04 3.00+0.03 3.20+0.12 4.10+0.05 1.06
NP-NAP 2% 3.23+0.09 3.08+0.02 2.98+0.13 3.40+0.11 0.17
NP-NAMR 1% 3.04+0.09 2.85+0.10 3.56+0.10 4.36+0.04 1.32
NP-NAMR 2% 2.94+0.18 3.04+0.04 3.04+0.21 3.43+0.02 0.49
NPS" 0.08% 2.81+0.04 2.58+0.02 3.62+0.08 4.11+0.16 1.30
CPS? 1% 2.83+0.43 2.70+0.19 3.04+0.19 3.36+0.10 0.53

UNPS: nitrite pickling salt, ?CPS: a commercial product from Spain.
* Total microbial counts of week 4 — total microbial counts of week 0.
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Table 8. Sensory evaluation of pilot sausage products stored for 4 weeks

Sample Color Flavor Tenderness Overall palatability
1 NP-NAP 1% 6.0+1.8* 7.0+1.8° 7.4+1.3* 6.7+1.9*
2 NP-NAP 2% 6.0£1.7% 6.9+1.7° 6.8+1.6" 6.9£1.3%®
3 NP-NAMR 1% 6.5+2.6* 7.1£1.2% 6.1+1.5* 6.1£1.7*
4 NP-NAMR 2% 5.5+2.6° 7.2+1.5% 6.7+1.5% 6.0+1.5°
5 NPS" 0.08% 7.1£1.4* 7.6£1.5% 6.6+1.6" 7.4+1.3*
6 CPS? 1% 7.3+1.6™ 6.9+1.5% 6.2+1.5% 7.0£1.1%

YNPS: nitrite pickling salt, ?CPS: a commercial product from Spain.

*®Means+SD in the same column are significantly different (P<0.05).

CFU 2 049 log CFUS Z7}o] mE8 A 2 7)5(
%27 & 4 W8] 7} 4% 3 log CFU ©]3hE wH=E3h=0t
AAR Tt BAL IR AR FA4 A4S S
A AEF 2AIAY A4S mAE FE 71E 3] S log
CFU/golA|RE ek ?.ﬂﬂ AX] Ale] 7394l B flR(N/A)S
2 AAISEAL AT, o] wvhel] 2AIR] AlA|Eel theh gt

o, Ardel, g2EE ol RicAlo| EAU| L, S E R
ﬂmﬂ ek 24 A3 2% 0/g D 34019 7E JF
oldat o] 2% E7Z(data not shown)Z 2] 9FA IA] A
A7 71 B A4S Sk

o

F

=

AANX|Q 25 *‘*47}

AAA] AAZ WA 45 3} B5FH J|TEE
ATH(Table 8). = A3}, M(color)oll thegt 7] 5= 2]
T A txTF HIFE(NPS, CPS)7F 738 oo g H
A £ HATE BERoY AEFeke] SAA fFefRbe §
ATHP<0.05). & (flavor)®] 7%, AlE & 74
9lo] FFS Ho|HA JA F A tixzTet TAH
a5 HolA] gkol F-ALSFATHP<0.05). "EE(tendemess)
o] 9% NP-NAP 1% H7F7F 73622 vwd 7178
2 FEoldey B AT 3 At tiy] B4
q frelzt glo] frAksEITh(P<0.05). AAH 7S meM =
NP-NAMR 2% H7FE7F 6£1.512 v 3] Yigto) g A
Aot A dxTe= B FAA F4AF jlo] Ak
TH(P<0.05). NP-NAMR 2% F7F+<] 4%, A4 713%

oA WA W& 55£2.628 HQl o] AA| 7|Ewel F
AAR Aol e AR Ay o= HE A
A ek A QAo wE HAo] gk W
7|EEE RNYE AA4E Al
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