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Abstract

The objective of this study was to evaluate the physico-chemical properties and flavor compounds of sausages
with various levels and molecular weights (MWs) of chitosans, during storage at 4°C. Various MWs (Low: 1.5
KDa; Medium: 30~50 kDa; High: 200 kDa) and two levels (0.3 and 0.6%) of chitosans were dissolved and
measured the viscosity at 4. pH values were not affected (p>0.05) by either MWs or levels of chitosans, The
addition of high MWs of chitosan into the pork salt soluble protein (SSP) increased the viscosity, whereas no
differences were observed in low and medium MWs of chitosan. Textural profile analysis (TPA) was affected by
the addition of medium or high MWs of chitosan. As a result, the addition of medium of chitosan increased the
hardness, gumminess, chewiness, cohesiveness and springiness values, whereas increased level of chitosan didn't
affect TPA values, except few cases. Approximately twenty-nine flavor compounds were identified in the low-fat
and regular-fat sausages, however the addition of chitosans didn't impair the flavor composition of the sausages.
These results indicated that the addition of chitosans didn't affect the flavor profiles, but affected the textural
properties in the sausages, especially MWs higher than 30 kDa.
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Table 1. Formulation of regular-fat and low-fat sausages with various levels and meolecular weights of chitosan

. Amount(%)
Ingredients ctLt? ctL2? TRT1® TRT2Y  TRT3®  TRT4®  TRTS”  TRT6Y
Meat 55 60
Fat 15
Water 23.5 335
Salt 1.3
Sodium nitrite blend 0.25
Sodium tripolyphosphate 0.4
Sodium erythorbate 0.05
Sugar 1.5
Nonfat dry milk 1.0
Maltodextrin 1.0
Spices #5 1.0
. 18 (o Mc®  mMmc® Mmc® BMC?Y HMCY
Chitosan - 03 0.6 03 0.6 03 0.6
Total 100 100 100.3 100.6 100.3 100.6 100.3 100.6

CTL1" : Regular-fat sausage. CTL2? : Low-fat sausage. TRT1? : Low-fat sausage with low MW (1.5 kDa) of chitosan (0.3%). TRT2?
: Low-fat sausage with low MW (1.5 kDa) of chitosan (0.6%). TRT3” : Low-fat sausage with medium MW (30-50 kDa) of chitosan (0.3%).
TRT4® : Low-fat sausage with medium MW (30-50 kDa) of chitosan (0.6%). TRT5” : Low-fat sausage with high MW (200 kDa) of
chitosan (0.3%). TRT6 : Low-fat sausage with high MW (200 kDa) of chitosan (0.6%). LMC” : Low MW (1.5 kDa) chitosan. MCM'”
: Medium MW (30-50 kDa) chitosan. HMC'” : High MW (200 kDa) chitosan.



AR xR} Bn) B4 R AGE Fd 9t 287

aildg FE3HT 23k A IR, BRI, HEY
EJF WS Yo 323 @ uzir] AEARAT HE A
AL vl 3y dEe A2 EAT(TAEVAC 600MX, 8<1,
771, d=HE A AstT 28 mm cellulose

o| &3l F7NE
casingel] 2AA17] & £7](Smoke chamber, NU-vu, ES-13,
Food System, USA)ol| 4] Table 29} & T 2o 2 &4
A Y 24 S TLTOH D o AR
T 2AlAe] SEE R3] A Wl F 8ztilA
SARS) SR AT ol HES WA £ AT
A (Cryovac, Sealed Air Korea Inc. T7325B, A&, )l
e ge ABTP)2 AT AT TAY 2R
4T PR3] AAAF oA, 7‘13}7]7& 1,7 1\"4—!— 1445 2
A& AABISA T

UM ED} pH
AN R AL AOAC (1995) WHlo) jsted 4E(dry-

oven ¥, 102T, 16 AlZF A=R), Zehl & (Kjeltech auto sys-
tem, Buchi B-322, Switzerland) & =X ®}(Soxhlet) &S =
ek 4t dele] AAR| 9 gl FEHE ol £AIRE
pHE S¥3 2748 pH-meter(Model 340, Mettler-Toledo,
Schwarzenbach, Switzerland)E J2je] SEE-S AP
523 484 99 71EMS HUkeE £949 pHe 5H
HE A5l I E T

HBY CE =5 U BUXH

DeFreitas 5(1997)¢] W& o] &3le] —20TCE BZAAT
ESS YA 8 F= iFAIZ F pH 8.3 buffer
(0.49 M NaCl, 17.8 mM Sodium Tripolyphosphate NasP3Oq,
1 mM Sodium azide NaN3)9} 81 FA)17) 822 : 19 v&
2 30 §ek 23] wubslgt) kg #ESES 4C WRD
o 1A]7k B9k BAF F 12000xgol A 127 Bt A £
3lo] A FAAT &£ 484 D¥AL Lowry

Table 2. Smoking conditions for the manufacture of the

sausages

Steps Time(min) . Temp(C) RH"(%)  Smoking
Reddening 30 54 100 off
Drying 30 60 0 off
Smoking 30 66 0 on
Heating 1 30 77 60 off
Heating 2 30 88 80 off

RH" : relative humidity.
Heating 2% : Sausage products are heated until internal temperature
reaches 71.7TC.
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Table 3. Proximate composition, batter pH and pH of low-fat sausages with various levels and molecular weight of chitosans

Treatments

CcTL1Y cTL2? TRT1? TRT2" TRT3” TRT4® TRT5" TRT6®
Moisture 64.14° 76.43° 76.66° 77.90° 76.87° 76.71° 77.74° 76.26°
Protein 13.40° 14.85% 14.34° 14.09® 15.07° 15.07 14.85® 15.30°
Fat 15.89° 2.08° 2.16° 221° 231° 2.15° 2.17° 2.06°
Batter pH 6.15 6.14 6.11 6.23 6.09 6.05 6.06 6.06
Sausage pH 6.23 6.21 6.15 6.27 6.13 6.12 6.13 6.15

CTL1Y~TRT6® : Same as in Table 1.

*® Means with same row having same superscript are not different (>0.05).
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Table 4. pH and viscosity (pa - s) of various molecular weight and levels of chitosans in combined with salt soluble proteins (SSP)

Treatments
CTL" TRT1? TRT2? TRT3? TRT4Y TRT5? TRT6”
Viscosity 0.10% 0.09% 0.09° 0.12% 0.15* 0.10% 0.13*
pH 6.65% 6.72° 6.82° 6.60% 6.48° 6.51%° 6.49%

CTLY : SSP. TRT!1? : SSP + Low MW (1.5 kDa) of chitosan (0.3%). TRT2” : SSP + Low MW (1.5 kDa) of chitosan (0.6%). TRT3"
. SSP + Medium MW (30~50 kDa) of chitosan (0.3%). TRT4” : SSP + Medium MW (30~50 kDa) of chitosan (0.6%). TRTS" : SSP +
High MW (200 kDa) of chitosan (0.3%). TRT6” : SSP + High MW (200 kDa) of chitosan (0.6%). “*Means with same row having same
superscript are not different (»>0.05).
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Table 5. Cooking loss (CL, %), purge loss (PL, %) and water holding capacity (WHC, %) of low-fat sausages with various levels

and molecular weight of chitosans, during storage at 4T

Treatments
CTL1Y CTL2” TRT1Y TRT2Y TRT3” TRT4" TRT5” TRT6”
cL” 9.13° 13.89® 15.58° 15.11° 15.28° 17.88° 16.68* 18.86"
pL"” 3.00° 447 4.46° 4.04° 434 430° 4.58° 433
wHC" 22.41° 33.70° 37.28° 34.43° 3531° 35.28% 34,72 34.92%

CTL1V - TRT6® : Same as in Table 1.

CL” : Cooking loss, PL'® : Purge loss, WHC'” : Water holding capacity.
*° Means with same row having same superscript are not different (p>0.05).
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Table 6. Textural properties of low-fat sausage with various levels and molecular weight of chitosans during storage at 4T

Treatments
CcTL? CTL2? TRT1® TRT2" TRT3” TRT4? TRTS5” TRT6®
sp” 0.21° 0.30° 0.29° 0.29° 037 0.33* 0.30° 0.31%
co®? 0.16° 0.23° 0.27% 0.24° 0.33° 0.29® 027" 0.28%
cu'’ 146.00° 416.02° 538.52° 420.82° 627.28° 732.81° 611.80™ 609.80%
GU? 685.01° 1378.31° 1788.93° 1529.36° 1982,70® 2206.52° 1941.90° 1913.03°
BR"™ 3819.42°% 4028.22% 2444.59° 3413.20™ 3099.24° 3022.12%¢ 2811.64% 4635.22°
HAY 4383.19° 6205.53° 6432.98° 6064.64° 7118.87° 7467.50° 7125.10° 7572.89°

CTL" - TRT6® : Same as in Table 1.

SP” : Springiness (cm); CO'" : Cohesiveness; CH'” : Chewiness; GU'? : Gumminess; BR"™ : Brittleness e); HR' : Hardness (g).
#° Means with same row having same superscript are not different (p>0.05).
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Hg. 1. Chromatogram of volatile compounds of regular (A)
and low fat (B) control and low fat treatment (C) with
low MW (1.5 kDa) chitosan 0.6% by GC. 1=Furfural;
2=2-Furan methanol; IS1=3-Heptanol; 3=5-Methyl fur-
fural; 4=2-Methoxyphenol; 5=2-Methoxy-4-methylphenol; 6=
4-Ethyl-2-methoxyphenol; 7=Eugenol; 8=2-Methoxy- 4-
[1-propenyl}-phenol; 9=Myristcin; 10=Pentadecanal; IS2=
Hexadecane.
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Table 7. Quantitative and qualitative analysis (£g/100 g) of volatile compounds from low-fat sausage with various levels and
molecular weight of chitosans by GC and GC/MS

Compoundsl ) Treatments
RT? cTL? CcTL2? TRT1? TRT2® TRT3" TRT4® TRT5” TRT6'"”
1* 15.98 1785.5 19105 1794.5 3001.5 1945.4 1785 4 1573.7 1889.6
2% 16.93 348.1 402.7 366.2 510.5 423.0 351.6 313.1 433.6
3* 18.86 IS IS IS IS IS 1S IS IS
4x 19.46 163.7 163.7 155.2 2427 162.3 152.1 144.9 158.7
5% 19.66 115.8 1113 106.6 161.7 111.0 98.4 90.5 106.5
6 22.02 319.1 283.5 258.9 4453 285.4 263.6 236.8 272.4
7* 22.60 199.3 216.6 1915 23538 215.8 181.7 169.9 180.1
8* 25.37 92.9 87.6 7522 1213 88.2 776 727 85.2
9% 25.80 2522 195.8 172.4 274.8 200.1 180.3 166.5 195.2
10 26.61 2812 2246 201.6 298.1 2345 203.4 186.4 2274
11 27.48 1115.8 867.9 747.4 1285.6 909.8 803.4 725.0 862.5
12* 28.15 52.5° 30.6™ 31.6" 44.9™ 302 30.2% 28.6™ 29.6™
13* 29.59 335.7° 103.8 163.7° 182.2° 176.2° 142.3° 147.6° 68.0°
14* 30.32 126.8° 62.9° 80.3* 83.5% 71.9% 61.6° 55.9° 70.6"
15* 30.99 103.6° 52.7° 50.2° 83.5% 48.6° 49.7° 45.0° 48.5°
16* - 31.51 1649.7° 908.5° 813.4° 1339.7° 929.9° 847.4° 786.1° 893.4°
17+ 32.99 88.7° 40.6° 27 64.9" 41.9° 41.7° 39.8° 42.8°
18* 34.67 841.9" 443 8 408.0" 716.3* 457.3* 414.4° 376.4° 435.7°
19 35.14 179.6 134.2 134.5 138.3 127.0 130.7 1319 119.6
20 36.82 606.4 477.0 4754 509.8 472.1 426.1 460.7 4017
21 37.06 418.7 3220 251.5 676.1 380.6 309.2 2324 349.5
22 3730 127.2 78.0 76.4 1289 - 82.6 72.1 65.9 79.0
23 38.84 9.5 96.7 95.5 136.6 85.1 62.6 70.6 79.7
24 39.14 180.7 100.5 137.2 340.3 181.1 716 126.4 192.4
25 40.48 901.7 1110.1 1079.6 1650.7 1079.3 1027.7 984.9 1066.9
26 41.40 IS IS IS IS IS IS IS IS
27 4233 52.6 58.0 50.1 1282 60.3 51.8 447 59.7
28* 44.95 417.4° 1642.1° 2132.7° 3292.1° 2468.4° 1858.3" 2090.0° 2232.3°
29* 49.39 41.8° 234.9° 326.6° 547.5° 424.8° 259.5° 340.3° 392.5°

Compoundsl) . 1=Furfural; 2=2-Furan methanol; 3=3-Heptanol; 4=2-Methyl-2-cylclopenten-1-one; 5=1-[2-furanyl]-ethanone; 6=5-Methyl
furfural; 7=Phenol; 8=2,3-Dimethyl-2-cycolpenten-1-one; 9=2-Methylphenol; 10=4-Methylphenol; 11=2-Methoxyphenol; 12=2,6-
Dimethylphenol; 13=2,4-Dimethylphenol; 14=3,5-Dimethylphenol; 15=2-Methoxy-6-methylphenol; 16=2-Methoxy-4-methylphenol; 17=2,3-
Dimethoxytoluene; 18=4-Ethyl-2-methoxyphenol; 19=5-[2-propenyl]-1,3-benzodioxide; 20=Camphene; 21=FEugenol; 22=2-Methoxy-4-propylphenol;
23=Trans-caryophyllene; 24=2-Methoxy-4-[1-propenyl]-phenol; 25=Myristcin; 26=Hexadecane; 27=4,8,8-Trimethylspiro [2.6] non-4,6-diene;
28=Pentadecanal; 29=Octadecanal.

RT? : Retention time.

CTL1® - TRT6' : Same as in Table 1.

** Means with same row having same superscript are not different (p>0.05).

7t EA) vebgth AT AR g 27 HEFE Aol SHEA foF ZolE BolA] eFolp<0.05) AR 44
Ae BHE BE FFEAA Aol7t BAHERA] kol p>0.05) ] A ZA] AER} 71 EAY 0.6%S Arecta slulgte A4
71E4Y H7F 83 vEhA] gttt aelv AEA 71 BA Zad 9% dm) AR WHsle Jehx] g Ao s Hrly
0.6% B7I AR 4318 tizTet A ZE LA At
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