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Abstract: In this paper, the effects of air-drying temperature, air velocity, and humidity on the drying time, uniformity, and
sensory quality of shallow fermented sausage were studied. On the basis of single factor experiment, response surface
methodology employing Box-Behnken design was applied to get the optimal air-drying process conditions. Furthermore,
the effects of different temperature gradients on the air-drying characteristics and product quality of sausage were
investigated. The results showed that, the optimum conditions of constant temperature air-drying were as follows:
Temperature 9.0 C, the air velocity 1.0 m/s, and the humidity 64%. A suitable temperature gradient could improve the
drying efficiency and product quality. The optimal process conditions of the gradient air-drying method were temperature
gradient 7~13 “C (alternating every 12 hours), air velocity 1.0 m/s, and humidity 64%. Under these conditions, the time to
air-dry the shallow fermented sausage to the ideal moisture content was 66 h. The product quality indexes were as follows:
Uniformity 0.987, moisture content 37.693%, a,, 0.875, pH5.54, and TBA 0.735 mg/kg. The ideal product quality could be

obtained at the same time of considering air drying efficiency under this gradient air-drying condition.
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Table 1 Factors and levels used for response surface analysis
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Table 2 Experimental scheme of temperature gradient
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Table 3  Sensory rating scale of shallow fermented sausage

TiH bR SHEG)
JEAM, s AR E 14~20
HMIL(2043) T, WG A 7~13
TEATIE, R 0~6

A b, RAOER TIARET 14~20

BEKQ0S)  WBEAE, RAORMEER 713
BB TR AT, PRSI 06
SRR PR
EROE. Tk -
k0% AR PR ROE. 713
R T ROk, AR
BT A s
B, T, A TG 1420
- SRR, LB, RS
ANAG (209)) B AT T 7~13
PRBLSUAL, DITALIE 2. BRI 06
TR, THOI I RIS 11,
RF5, Stk 14-20
WORQOID gkt WOBRRSF 45 ERk 713
AR, AT, MR 06

1.3.4 ZRGVFrmireE HERCTEFENCY ) 5
(Y ) BB VA3 (Y ) Rl s &b Ak 5 15 21 25
FEPROIBRUERSSY Z, . Z,y Zs, RN E TR LG
53 Z, A5 IFE PR A EE 43 0 S XUCT- B E] 0.2 5]
0.3 BB TS 0.5, LILEEVESy 2 Ve iiE ., $2 08
B P T IR G —FRAR I BOE R I IN BR , 5
FEVRIIARUEARAS ST A

Z. =100% (Y, = Yii) / (Y = Yiuin) A (D

A Z AR PR IAR AR S i 1,2.35 Y i

min{Y;| i=1,2,3}; Y, ..,= max{Y;| i=1,2,3}.
LEETPO TR AR
Z=-0.27,+0.3Z,+0.5Z, X (2

1.3.5 /KAFEHNE 2 GB 5009.3-2016&
A E SRR TE B K I e )b B TR
W 5E , 38 TR AT S POPR U E TR R K S 5 o
1.3.6 pH AUIlxE  #2HE GB 5009.237-2016 FLAE 1Y
FrB R pH EATAREIN . AE A TR o IHEAR
[RIFRALBEALE AR AL, BRI 3 1K, HL
HAPHH
1.3.7 K53 (e, )BGNE  $%1H GB 5009.238-2016
FRAE A 7 1R i A U
1.3.8 i Qe EbZ e &2 (TBA) Uil 2 #4218 GB
5009.181-2016 B TR _EAYIIAE o
1.4 HIEIE

FRLHAE S EE IR 3 WK, I EE R A Office
Excel 2016 F1 SPSS Statistics 19.0 FEA 4B 11k
S8R FH Design Expert 8.0.6 i#£47 Box-Behnken M
B AR ST
2 FERESH
2.1 BEZRLNLE
2.1.1 AU IRURE XV A A i AT BT g s AL
R XV A IR iy AT R T B A S IR AR ] 1 T
7N, HHIEL LA FE 1B a] UL, Bl R 0 s, XU B
(a4, NSRS S S FERRR . X TR
B E TR, KRG ZE AR BE NP, 2SR EE<8 °C A, XL
THFERTRF 100 h Z&4a, iR E>10 °C B, XU EAS
F| 60 h, RER SN RIZ K28 kP, NIZK
IIBGRER, AR T TR, (H B0 N K
Gy 2E TR, SRR, BBV G SR anIEl 1C Jr
7N, MR JETE 8~10 °C B I PES3 48 15, ek B b IR T H
NS, e SR K SRS, TR = T 12 °C ™
AR AT AR ISP A B Ul B T AR S XTI
6], E IR ok vy B AR X ™ i i BT AR . B S
3 WHEFRLE G ST, G BRI EE S 10 Co
2.1.2 IR R I AT BT s <
LI B XV R A i AT R TR b IS sz e an ] 2
7N, HIE 2A FEl 2B 7T UL, B R BE 1 T, XL
TFHHE 80 h 45 224 50 h, B N A K A& e
SIREREAR . AIEEN 0.5 m/s B, XUTESTEY 79 h,
M FHE T 2.5 nys B, XUFEFE]SY 50.3 h, B
LR BE AT, TR A i 2 i . 3O i TR
T A A i R 1T R A RO aEU B, S 1B
G A IR S R EE 25, IR T F MoK 525
KRB SR EE R FEIRSSL, PETH I R AT 4
IRRS ], AHL v AT BE A ™ i R I /K 4328 ik
P, RIZRUBIES TR R A2, BHAS T N ZK 53 1] Ah



%4234 5 128 TR, 45 BRARERIA DT RANT T M5 - 163 -
120 A100 [
A Ce cd
100 | B 80 | BCc
= gl = ABab
E 80 ABab Aab A = 60 F Aa
= 60t . &
H 4ot
= 40F =
20 - 27
0 | | 1 1 | 0 L L L L J
6 8 0 12 14 0.3 ! > 225
TR (°C) S (m/s)
B1.00 - B1.00 r cDd
| ABb Ced
0.99 ABab - BCc
098 | a 095 F
=097 Aa  Aa ! Bb
e o
2096 | w Aa
0.90
0.95 -
0.94 -
085 1 1 1 1 J
P 0 0.5 1 L5 223
R (°C) SIHE (m/s)
100 ABb
100 - AB
C BCe BCc C ABb b
BCc —~g0 L Aab
R0r Bb &
S & Aa
N
<§ 20 | Aa = 80 -
fa ju
#70L ot
60 | | | | | 60 1 1 1 1 J
6 8 10 12 14 0.5 1 1.5 2 25
R (°C) SIS (m/s)

P SRR KT BT 5 )
Fig.1 Effect of temperature on the air-drying
qualities of sausage
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Fig.3 Effect of humidity on the air-drying qualities of sausage
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Table 4 Box-Behnken design with experimental results

SE ok Rl
LA
PS5 ARE  BRILEE  ClE WTRIEL ey EHITS TFIEL ey EEITS (Z. 5%
(c) (m/s) (%) (Y, h) R (v 4 (Z,,h) TR (24D '
1 10 1.5 65 50.3 0.942 88.3 0.000 0.000 0.000 0.000
2 9 1.5 60 63.6 0.958 90.5 65.517 41.026 40.741 19.575
3 10 1.0 70 62.6 0.944 88.5 60.591 5.128 3.704 —8.728
4 9 1.0 65 68 0.976 92.7 87.192 87.179 81.481 49.456
5 9 1.0 65 69.6 0.98 93.5 95.074 97.436 96.296 58.364
6 8 0.5 65 65.4 0.966 91.1 74.384 61.538 51.852 29.511
7 10 0.5 65 62.5 0.953 89.7 60.099 28.205 25.926 9.405
8 1.5 70 64 0.964 90.6 67.488 56.410 42.593 24.722
9 8 1.0 70 67.6 0.957 90.4 85.222 38.462 38.889 13.939
10 9 0.5 70 70.6 0.95 88.6 100.000 20.513 5.556 —11.068
11 10 1.0 60 54.3 0.961 90.5 19.704 48.718 40.741 31.045
12 8 1.0 60 67 0.972 91.5 82.266 76.923 59.259 36.253
13 9 1.0 65 67.5 0.976 92.4 84.729 87.179 75.926 47.171
14 9 1.0 65 70.5 0.981 93.7 99.507 100.000 100.000 60.099
15 9 0.5 60 66.5 0.972 91.2 79.803 76.923 53.704 33.968
16 9 1.0 65 68.5 0.978 93.4 89.655 92.308 94.444 56.983
17 8 1.5 65 61.5 0.97 91.2 55.172 71.795 53.704 37.356
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Table 5 Analysis of variance for regression model
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Table 6 Product characteristics with different temperature gradients
HSHEhR
EIREE L Al A2 A3 A4 A5 .
wFHEP
(AT=0 C) (AT=4C) (AT=6 C) (AT=8 ) (AT=10 °C)

Fas)iy 0.9760.0024* 0.985+0.004"" 0.987+0.003"° 0.979+0.005" 0.973+0.01* 0.033
IKG3 (%) 37.867+0.252** 37.806+0.133% 37.693+0.356"" 37.48+0.308" 37.88440.341* 0.456
ay 0.878+0.002* 0.877+0.007* 0.875+0.002"* 0.873+0.004 0.878+0.003* 0.590
pH 5.597+0.021% 5.57+0.035%¢ 5.54+0.025 5.48+0.026" 5.41+0.001* 0.000
TBA(mg/kg) 0.756+0.004" 0.743+0.01 148" 0.735+0.007A%® 0.736+0.009"5 0.724+0.009*° 0.012
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Fig.5 Moisture curves under different temperature gradients
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