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Abstract

The effects of addition of citrus peel powders (C 0, 0.5, 1 & 2%), dried Lentinus edodes powders (L 0, 0.5,
1 & 2%), and their combination (C-L) on the chemical, sensory and textural properties of pork sausages were
studied. Addition of 0.5, 1 or 2% C, L, and C-L all significantly decreased moisture content, pH, and color
a-values of sausage samples, whereas ash content and color b-value were increased (p<0.05). C, L, and C-L
did not affect protein, fat, carbohydrates contents or texture characteristics. Sensory evaluation was performed
by multivariate data analysis, namely principal component analysis (PCA). Eighty-two percent total variation
was observed in the main structured information among the test groups: the first (PC1) and second (PC2) compo-
nents of variation were 59 and 23%, respectively. Eight parameters (sweet flavor, pork aroma, bitterness, rancid-
ity, salty flavor, color, sour flavor and citrus aroma) were utilized to describe the main sensory characteristic
of the sausages. Addition of 0.5, 1 & 2% citrus peel was obviously correlated with PC1 (salty flavor, sour flavor
and citrus aroma, pork aroma, and sweet flavor and rancidity), whereas addition of 0.5 & 1% Lentinus edodes

was related with PC2 (aroma and rancidity).
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A=

=45 =AY AT HIENA YR,
EgA A HF7HE2 Wiess Wurst Spice(WWS) £} Helabin
EE 54 gH =239 Gewurzwerk Hermann Laueol] 4 A
Z % 7213} Ground White Pepper(WPG) 2 Ground mace=
u] = 78 2] Yo} Pacific spice company 2] A& AFE-54
o &FE 3 AL, vis BT SFuETe 2EA

(F)(A7], 339 AE, FAAZL SAVEZZ(F)(AE,
k=)ol A A% Y% (sheep casing, A7 20~22 mm)S
A&t Eiﬂ%/}i(l/enﬁnus edobes)S (F)NExIH

Ao AAE AFAF A EIWA O R 24 hr B9 20
WAstel B F SetolX st g 5= zUl +
g 3

Fob Abgatd on, g Hye 2007d AT &5
(Citrus unshiu M)2.2 AFEFAR = A AELA G

oA Farol £, A, AHg F Hort S4EHA &
H5& Bt #IE 60°CAllAM 24 hr S EFAx
(WISE VEN™ Dry Oven, DAIHAN Scientific, Co., Seoul,
Korea)dlel £ 71(FM-909T, Hanil Co., Seoul, Korea) &

é oo e N

g gug

el 3551} Stuffer(H26, TALSA, Valencia, Spain)®ll
A FEAZ AEBAE FFo TR FALT 72°Coll A
30 minZt 718 & FIA17) 2L, A-ZEA7](Compace 2B 640,

Compact system Ind. Co., Ltd., Ansan, Korea) 2 73 &

4°Cell BstHAl Ao AMEsHSITh

UL E BN

A E-2 AOACH (15 2 Food Code(16)0l] e} 4]
stom, FE-L 105°C 4t 71 xY, 23 ES 12 3
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AL B Ee nF R FHAA SR I8, =
A, 2o Fheks o gro 2 Jehida, 74 A3 33
HHE A AEEG T

pH

pHE A& 10 gol 74 90 mLE 343l 723 &

pH meter(S20-K, Mettler Toledo, Ziirich, Switzerland)Z
o] &3l 53] ®EE =gt

M =Y

35t 60 mesh(Sie200-060, Taemin Science, Suwon,

Korea) | 2 2] AH&-st3itt.
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AR A 7ol vigH] &L Table 13 2o} 7HE3n 2
q]z:rLog 71——%{1,].
IHA 05%
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H7V8HA @& 2AIAE
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H7hstel

4% chopper(4812
meat chopper, Hobart corporation, Troy, OH, USA)Z £ 3
3 howl cutter(84145 food cutter, Hobart corporation)el] €l

A, AERe 2 5E A%

AR Q] AL A BE 5x5X2 cm 72 A2 F AR
(CR-300, Minolta, Tokyo, Japan)E o]-&3}d W E(lig-
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=43t olw AlgE XFE Aoz wI(Y=94.8

x=0.3129, y=0.3196)& AH&-3tct. 2+ A= 53] whE = 3
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=4 &%

2AAY B =4S 93 Rheometer(Compac—100
Ltd., Tokyo, Japan)&
A8 E 2% ¥HE b F (two-bite
compression test)©. 2 stainless steel cylinder probe(2.0
cm)E °]-€3l4 60 mm/ming]
(Texture Profile Analysis) ¥4

II, Sun Scientific Co.
2x2 cm A2 A2

E£E22 43949, TPA
53l 2 289 AX

[e]

=
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(hardness), €3 4 (springing), 33 4l (cohesiveness), 4 3

Table 1. Formula for sausages added to different citrus peel powder and dried Lentinus edodes

(units: %)

Ingredient Treatments”

Control C1l C2 C3 L1 L2 L3 CL1 CL2 CL3
Pork meat 48.48 48.48 48.48 48.48 48.48 48.48 48.48 48.48 48.48 48.48
Pork fat 24.24 24.24 24.24 24.24 24.24 24.24 24.24 24.24 24.24 24.24
Ice 24.24 23.74 23.24 22.24 23.74 23.24 22.24 23.74 23.24 22.24
Salt 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45
Wiess wurst spice 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78
White pepper ground 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Mace 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Onion powder 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Garlic powder 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32
Helabin E 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19
Citrus peel powder 0.00 0.50 1.00 2.00 0.00 0.00 0.00 0.25 0.50 1.00
Dried Lentinus edobes 0.00 0.00 0.00 0.00 0.50 1.00 2.00 0.25 0.50 1.00

YControl: sausage without citrus peel powder and dried Lentinus edodes. C~CL3 indicate contents of sausage with citrus peel

powder and dried Lentinus edodes, respectively.
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Table 2. Definition of the descriptive attributes and standard references

Attributes Definition Standard references
Appearance
Color Intensity of the yellow color associated White (W)"

to the citrus
Odour/aroma
Pork aroma Aroma associated with roasted pork
Citrus aroma Aroma associated with fresh citrus

juice
Rancid Aroma associated with old butter
Flavour
Salty Fundamental taste sensation of which
salt is typical
Sweet Fundamental taste sensation of which
sucrose is typical
Sour Fundamental taste sensation of which
citric acid is typical
Texture
Brittleness Necessary strength to break a slice in

the mouth
Adhesiveness Degree to which sample sticks to teeth

Juiciness Impression of juiciness throughout
chewing

Tenderness The force to bite through the sample
with the molars

Yellow (S)?

Cooked Pig’s feet

Juice (“Lotte Jeju Mandarin”, Lotte Chilsung Beverage Co. Ltd,,
Seoul, Korea)

A rancid fat ham protein is packaged with alum paper

Salt, 0.5% solution in water
Sucrose, 10% solution in water

Citric acid, 0.05% solution in water

Biscuit (“Wafers”, Haitai Confectionary & foods Co. Ltd., Seoul) (W)
Bagel (Paris Baguette, Paris Croissant Co. Ltd., Sungnam, Korea)
(S)

Biscuit (“ACE Cracker”, Haitai Confectionary & foods Co. Ltd.) (W)
caramel (“Peanut Caramel, Crown Confectionary Co. Ltd., Seoul) (S)
Biscuit (“ACE Cracker”, Haitai Confectionary & foods Co. Ltd.) (W)
Citrus (S)

Tofu (“Pulmuone Youndubu”, Pulmuone Co. Ltd., Seoul) (W)
Dried squid (S)

YW: weak. ?S: strong.

A (chewiness), 3}3] A (fracturability) @ F2H4J (adhesive- o212 A3 p<0.05 FFANA Tukeyd] =74
ness) & 247} 53] WHE =4t Aoz BAA o498 HIeAnt Hdt AES AAS
e =M T} o] 2R 9 FFH 5L ol $13te AlE]FFE A
o= |So o AT nE E}H}é_ 3 A S 1HT
Buulol He gEu we D A wamae A o oo AR AR Sl S
. oo _ el o of, Ng 59 HHES 4838t FE A covariance) ¥ H L.
AR AR 3] BEAHEA S AAS AT T AN . . = o1
L - 2 XLSTAT-Pro(Addinsoft Inc., Paris, France)E ©]4-3}
BeFG7t A S 73 19~22412] 4 8% (F 39, o 5 q T B (P o m
Moo EH0 13 1 ol AA AAlE] I o FAE 4 (Principal Component Analysis)©- 2 753}
o).__i LR S iy 19‘4 1}\]{—1 61__01] Exq E}\] 0]'951‘:]' - ]Z] R = h=] =
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H
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SAHAE

o|glstd £ g BFrt= SPSS 12.0 ver(SPSS Inc.,
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stal AP 2 BAA #9482 Mann-Whitney test% 5 &
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A4S el 7] A8l Gl
5, % Mde] exte #Hags =

Z1} 9 pE

in square Wl 93l 10719 A 82E
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Table 3. Proximate composition of sausages containing varied levels of citrus peel powder and dried Lentinus edodes

(%, w/w)
Sample Moisture (%) Protein (%) Fat (%) Carbohydrate (%) Ash (%)
Control 6853 + 1.003’; 12.96+0.32 12.15+0.72 5.19+1.93 1.17+0.07"
Cl 68.14=0.42"" 13.22+0.37 11.23+0.83 6.09+0.58 1.324+0.06°
C2 67.99+ 1.65“d° 12.87+0.96 11.97+0.76 598+1.95 1.20+0.03"
C3 6585+ 177" 12.98+0.29 12.27+0.64 7.70+1.69 1.20=0.01"
L1 66.041.01" 13.18+0.19 12.35+0.98 7.33+0.42 1.10+0.03"
L2 66.10+1.62" 13.78-£0.42 12.39-+0.44 6.43+1.50 1.30+0.06°
L3 65.80+1.27° 12.94+0.50 11.33+0.35 873+1.08 1.20%0.02'
CL1 68.76+1.29" 12.40+1.20 11.30+0.80 6.35+0.02 119+0.06"
CL2 6552+0.70° 13.55+0.29 12.29+0.75 747+0.54 1.17+0.04°
CL3 66.53+1.79™" 13.66+0.46 11.54+0.49 6.94+1.59 1.330.09°
X2 17.198° 11.989 11.201 13.620 22.281°
4y alues with different superscripts in a column are significantly different (p<0.05).
p<0.05, “p<0.01.
o (p>0.05), & FFS 110~1.33%= A Z1FIF £ o aghe ERE e dziawsl At S
g o] 2 YR ATHP<0.05). o3 A= 2AA] AZ wel hEEH vlaste] FoFow 748t on, 3]
A FA7bE e AR L gkl whet dubgEe] 2ol YehY bgte ZEFEL HrlEo] Frtetel wet foskA 71

= AL Z AL ET(1819).

pH X Mz H5}

2A1A Y pHe 23 o] 71 oet 19
ZQl ztol & YER™ pHYEF HolAe AFE e o,
A BN HIrEL & St dEgle]l dxad &
o] A 9l z}o|whS e THpP<0.05)(Table 4). ©]& 3t pHE
6.22~6422 thZtol vt H7bat AAIR 9] pHZF 179
SHA S A YERETH(p<0.05). R ATEE A X A A
of H7tE AMGEF 2% AeFA FEF 02% Fte
HF AFe] pHell daS T2 2431(20), H AFAHE(chito-
san, sesamol, 7= 2 2] ascorbic acid)S F7}3F AA A9
A=) wet pH7F HelE e AeFS JEhd 3o g Bn
HATH2D). ol H7FEY TR/ wet pHoll TS F=
Ao g AR ETH

A% Z4 AF(Table 4), Latel QoA 29 3
b2 2T H o3 zfol & YERGA eskov W 23
HA H7tte H7bo] S71ErE HErt Rolxth A4

Lo

2 BuEa AoH18).

AR =22

AR e A7 =4 A7} AX(hardness), B8 A (spri-
nginess), <% A (cohesiveness), % ¥ Al (chewiness), 23
A (fracturability), 524 (adhesivenss) 5 25 3ol A
o8k 2fol & e A % tHp>0.05)(Table 5). Chin &
(23)0] AA A Aol H7ME HA =79} FEFFF Bl
e 27 g AFelA RG] TS FH AP
75 60% o, BEE 55% o, A4, AP B 3L
50% ©]5-E gur 313 AAIR & 2ol gl AL
B339 oH, Jeong 5(23)2 P =HIE HIF 2R 117
o] 60%% A9 AL HIEY Yol 4TS v

(<} f=1

S

N

Table 4. Color characteristics and pH of sausages containing varied levels of citrus peel powder and dried Lentinus edodes

Sample pH L-value a-value b-value
Control 6.42+ 0.022 80.5941.10*¢ 6.30+0.06° 8.79+0.18"
C1 6.31+0.01 80.89+0.52"° 5.81+0.08" 10.44+0.32¢
C2 6.23+0.02° 81.83+0.48" 5.68+0.124 11.90+0.46°
C3 6.22+ 0.04;d 80.37+1.24> 5.30+0.20% 14.96+0.78'
L1 6.30+0.01/ 80.43+0.75™ 588+ 0~11de 835+ 0.77:
L2 6.32+0.02 79.31+0.84* 5.71+0.24™ 9.58+0.64™
L3 6.33+0.03" 78.37+1.46° 587+0.14™ 9.28+0.61"
CL1 6.34+ 0.032 81.50+0.90™ 551 +0.44"%* 9.57+0.45™
CL2 6.28+ o.osdc 80.52 +0.48™ 5.37+0.53° 10.31£0.68%
CL3 6.22+0.02 79.78+0.19 5.13+0.48° 12.08+0.16°

X2 25.392" 23.639" 23.788" 34.303"

L: degree of lightness (white +100 <> 0 black), a: degree of redness (red +60 <> -70 green), b: degree of yellowness (yellow

+60 < =70 blue).

““*Values with different superscripts in a column are significantly different (p<0.05).

“p<0.01.



)

)
25

A

o
i

B

1748 =5 21X #5354 1627

Table 5. Mechanical characteristics of sausages containing varied levels of citrus peel powder and dried Lentinus edodes

7} A5 S AFE-3F AR EA(Principal Components Anal—

Sample Hardness Springiness Cohesiveness Chewiness Fracturability Adhesivenss
P (g/cm?) (%) (%) (2) (2) (g)
Control 1669.00+222.21 82.64+1.83 67.54+2.87 1628.86 +152.80 133000.60 +13234.80 -20.00+15.81
C1 1577.20+124.29 79.02+1.03 66.58+3.35 1521.36 +£93.30 119220.04+9235.43 -14.00+16.73
C2 1643.80+133.14 82.96+4.09 64.10+5.37 1552.32+206.88 128887.26 +18591.54 -20.00+20.00
C3 1770.60 +66.27 79.60+2.86 61.12+5.53 1596.44 +126.78 125979.52 4+ 13467.09 -22.00+13.04
L1 1618.80+104.40 79.70+0.95 64.20+6.86 1515.98+61.19 120349.22 +4171.42 -10.00+12.25
L2 1623.60 +89.61 80.14+2.82 61.76+5.28 1490.12 +222.03 125587.564+6391.15 -8.00+13.04
L3 1714.40+130.48 80.34+2.45 63.62+4.35 1602.54 +70.54 128736.74+6122.41 -14.00+8.94
CL1 1631.00+109.11 79.74+2.15 65.40+2.85 1579.04+127.94 123144.52+11509.07 -18.00+13.04
CL2 1629.60+95.10 80.26+1.68 64.56 +4.02 1548.34+98.16 120475.30 +7675.25 -14.00+11.40
CL3 1697.40 +99.28 80.12+3.53 62.88+3.33 1593.96 +62.24 124688.62+7110.99 -14.00+11.40
X2 10.259 7.800 9.266 5.847 8.159 5.593
GETE RSk ® AT ARl AAH Bl ET R A EwMA K2R §I% o1 E BATHp<
ZE2AvEd g 1 FAHAY Hrld FFS A e 0.05).
AL AR T NE 3 AALTIE A vIgo] 27%E oo 54 Amn FARAS D wIA 2%
A e = Aol F8RIQ1 AL Z AlEHU. A7 VA FEHRIEL H7EH FY 2ol & e
] =3l gy a Ry A TS drlEko] &=
A s = 2 $aYe FTAR 3 Tad B4l
TS = BY¥= = AT TYAE
i S X m 3T ol Ay==O thal g
= = E = 3 1 3!
EE LA W S AAE Table 63 Fig I EH. ghs veqom deger), gessey Yok v
#5H} EAE F ) G2 4, AADANG, BB, i
. atel frolshl Eobde ¢ & Atk
- s -
%B]\-, /\\_]_E/'l-, T}\'];g/\é,éé?} 11113-7— ‘I‘J_:_Eif‘ ] 711-7*}[- Tl“o’] EHZ;]‘HI]- 7]'%3—7/]'3_‘]]:]“]";‘1 Z:]_ EJ—J_H-]/H ;qa;]—]_"] J’}___‘
& A0IE HERATOO00), 43E 23 JU Ty
) 3]

XP°] =3 1JrE}‘LH %E}(D<O 05)

¥ PAAZ ol *umo;r
z73 A TaH A Brkeol
7 WA EQen gEge
(p<0.05). P11 79 7ok, Tk,

WA

QA feldt 2ol g ve}

TR =S S

o -
ohg s

S AEFHRIED 1%(C2), 2%(C3) 2 2
THA B 2%(CL3) A7FrolA iz
UERA TH(p<0.05). A18tel 3

37tk Bk
ko005, W3

o 22 2

3} o8 Aol
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Table 6. F-value from analysis of variance on 11 sensory
attributes of sausages containing varied levels of citrus peel
powder and dried Lentinus edodes

Attributes Samples
Appearance Color 27.74°"
Pork aroma 793"
Odour/aroma Citrus aroma 41417

Rancid 0.48

Salty 1.25
Flavour Sweet 10.74™
Sour 18.58™
Brittleness 3.83"

Texture Adhesiveness 1.72
Juiciness 4.48™
Tenderness 6.49""

“p<0.001.
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A AEae fAE
58.96%%} 23.08% = %
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i*ﬂﬂ g ol whet

Ho
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:‘i]ﬂ"‘ (PLSR)% ,;(ﬂlzl;_
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Tenderness Pork aroma

Juiciness Citrus aroma

Adhesiveness Rancid

Brittleness Salty flavour

Sour flavour Sweet flavour
Color
—-—L1
——L2 Tenderness Pork aroma
L3
Juiciness Citrus aroma

Adhesiveness Rancid

Brittleness Salty flavour

Sour flavour Sweet flavour

-—a-C1

——C2
—=C3

Tenderness Pork aroma

Juiciness Citrus aroma

Adhesiveness Rancid

Brittleness Salty flavour

Sour flavour Sweet flavour
= CL1 Color
——CL2
= CL3 Tenderness Pork aroma
Juiciness Citrus aroma

Adhesiveness Rancid

Brittleness Salty flavour

Sour flavour Sweet flavour

Fig. 1. Sensory characteristics of sausages with different levels of citrus peel powder and dried Lentinus edodes. As the value
increases from 1 to 15, the intensity of sensory characteristics increases.

(A) 1T  Rancid
Brittleness 0.75 T
0s 1 Saltyﬂa\é)(%r
Pork aroma
Sweet 0.25 + Sour flavour
flavour /
k t T t T T t t 1
-1 -0.75 -0.5 -0.25 0.25 0.75 1
-0.25 +
05+ Citrus aroma
-0.75 T

1 4
Principal component 1 (58.96 %)

Fig. 2. Principal component analysis (PCA) loading for (a) sensory attributes and (b) the ten sausage samples.
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Fig. 3. The correlation plot of relationship between mechan-—

ical (X) and sensory attributes of sausages (Y) containing

varied levels of citrus peel powder and dried Lentinus edodes

(Obs).
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