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TR, thiobarbituric acid, TBA) U, yifig ()
OMRRVAEAL S 7 B R (R AR s AR Sl 12, S
P RO RN B 2 4 . KPR I AR R R
fers BRSSP Eh FE AL (total volatile

Weks HIW: 2013-04-03  &ITHIW: 2013-10-25

REWH: L4 ARRIHEIES (BK2009215); TLIRK%Y: “HEST
PR IR LAY, P LS RFE RS S BIIE (2008044107); YLIk
AR R R BE TR I H (PAPD2012); #FT48 T+ 1 AR b Sz 4% 15
H (2012C10030).

EF R wilnE (1976—), 5, EIEEE, EBRFFCTT K™ M
HERGRA. BT RRE A TR 2B, 212013,

Email: xiyuan2008@ujs.edu.cn.

RIS XER (1964—), B, #HdZ, FENF QN TR
AT, BUL VLR R 5 AR TR B, 212013,

Email: liuwmwu@ujs.edu.cn

basic nitrogen, TVB-N) &4k 4E 82180,
It TVB-N 4 R At 7K i 55 & 2 B B EE o
PEIGRESE, 2 HATE RS FoKr=. WL SRl
VA g 33 P 6 P Pt o g R ATt
AR AT, AT S, ZiE N E
it TR IR o ) B A S A R IRIE A ANR TR
I TA#RR . RSV AT PEAR AT AR A 1) A
IEARA, R R TR IR, AT
RFEAN G SNSRI E e, A7 &b TR E SR
e, Wb TR . BT, B A
AUy Tl il o1 g (1810t o g e
A I FUAT AR, fH 3 A R R RT3 T4
R R K E B AR AR REFE IR VEAL ST, X T
Yo WUT T 2001 ™ i f¥) TVB-N A TBA {E 5
(PRI I A WL SCRRFRTE , LGS it JOOASE R 0] 7 5 ¥4 XL
T 2RI R v AT 5 £ 1) L S A T
ARG ERTE 1 PO A R TR et
FIREAE S T VA IIBEIT, AHIETUAS PO 7 1
AR, HOMH SR LAk . X5 i
WIRFEE, TR L2ZREWRER, EILHE AR
Rl AL SRR R B N, AEAT
AR b, AW E AT, DAk O JRORL, B
TR W RS RGN,
Bojort ks, A A RS A K TVB-N



228 ANV TR 23

2013 4F

E AN TBA A [=] U5 77 #5 R 57 X 46 1) TVB-N Al
TBA & TR, 3 AT #5356 PR 28560 T 8 TVB-N
I TBA TSN, 5 L0 e i £ T 25 DR 55
M EOEAE, A HE— D3 T A0 Tt ot T s
LR . ) IR T I A0 208 il TR Y FH B35 S
fitlh, [FJ S A 38 900 575 SR 3R 1 7 S ST D A V48 IR
T pi i £ BRI TR R ] L)« — Pl 7 S
PE IR B A AT 5% 6 10 A2 7= D7 v (i 5
201310213047.1) 7 $R4LRE6FLm,

1 ARSI

1.1 REMRRIEE

% (Hypophthalmichthys molitrix) 1250 g /¢
fi, ', T RERAT) o mER
(0.6mol/L) . NaOH ¥ (30g/L) , &
(0.01 mol/L)  BMMR¥M (30 g/L) « FEMIH LA
FHELLL AWV (2 /L) IR R 2 v W
(1g/L) + /KB TKBRFREN . HifCE L 2R
W (02%) « —HLBRWEW (20%) « R
(0.1 mol/L) 5 LA Fisl735 o4 B 245 4 A fb 2% il R
BEL2A W) e 3 Afr 4l A7)

SHB-IIEF 2 S 4 OB MEIARL T AR
AF]D) 5 TP-520A TR CHOR PALES B4 PR
2D 5 HB43-S PLisiK /- IE{ (Metter Toledo)
UV1600 4] WA 6e v ALaTm A Hr i)
P EILCE DS RIS 1THP-5 /A KT
PRI CF BB TRHEARAFD .

1HP-5 A KT R0 s 1 prosl, 8
MRl 28R 8. N (Fh) Alkss. TR s
S b, AR O XL 2 Firik TR
1, BB ARSI 3 WA
9 (FHEECATHE) HENTHEE . 88 iU
RPN S BEANZE KA 10 BHTREIR . BRI
Ja 5B BT RIRA TN TIRE. AN BERS 13
HRIA AR KU 12 WOXGEHE TR LA
MIRAN TS PSSR, AR 9 T
VB, ANABERS 13 KM, BB—E72AH 9 HHe
FVABERA AR, AFRE N T 5 (1) 5 — B R 28 KR
HAATHR . MR TR E T IR R A
ANA TR 13 15 AR, MR 4 G, B g
AR 10 BRI, 5B Bmgmg
HEes 9, (HANB B HIAFIARIEA BN, F—K
S B WA R PRI PR e N T S A T
. MG 4R aepl XU 12 HEHBLAL,  Hilve 7l
ZHNA GRS 13 JRA ] 8 F Bl NZE A LS 10, FF
i PR > R B R R AE R R A 10 A RS
K 14 HEHALAN . TEAUR AR Gl ALK

2 BRENGH T . FREAL KA S LA R S 1
GEEE) « K CGE TP R gD
FFEAR A . MR 4 B SRR, MR YR AT
WX I TCRIA ST B 1), SRR
H 35%~50%[HE .

1P 20 R RHL 3, 4, 5, 6, 7, 8. MIT 9. WAKER
10. ZERAGE 10 JRAEHL 120 M 13, SNABESEE 14 BIKIR

1. Drying room 2. Fan 3, 4, 5, 6, 7, 8. Valve 9. In-condenser
10. Evaporator 11. Compressor 12. Fan 13. Out- condenser 14. Trap

B 1 1HP-5 ARF k& rEH
Fig.1 Schematic diagram of 1HP-5 drier

1.2 REHE
1.2.1 Rma

¥R, EAMAKE, R
(5 cmx4 cmx(1.3+0.2) cm) , =L T, 6% NaCl fif
R, BRELE 1: 2, AR 2 ho JHEHI4E R 5 L
hfadl, 7EZEBKTIEDE, DBk LRk,
Z e s TSN b, PRIk .
1.2.2 ¥4kt

W I ) A BT THP-5 /NRVA TR 56
LT BRI T b, Rkl 6 kg/m®, LAfita B
A5 KA s B, T8 2 X £ 5 K268 50%
i, RIS S5 A AR AT IR AL, I st R
IKAFERWEE 1 PR

x 1 BERITRERERFKF

Table 1 Factors and levels of uniform design

SES JKF Level
Factor 1 2 3 4 5 6 7 8 9 10
yH FEF
BE 114 17 20 23 26 29 32 35
Temperature/‘C
S5 2N 2
ﬂﬁl. K‘}:, 0.1 02 03 04 05 06 07 08 09 1.0
Bypass-air ratio

Air velocity 0.3 045 0.6 075 09 105 12 135 15 1.65
/(ms™)

IR 3 HE 10 KPRAE AR ER K. B
B U(10%38 4 833, HFFEAg 10 ks . M
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Uo(10%) RIS FE 6 #5453 5=3 1N, A U(10%) 2158
1. 5. 6 FlkHAR S, HIAERLE, UW'(10%)
RIS 22 R4S R IR 20 AR 150 7 25 2 N 2
TRFETI S B 7K 50%, o) JHE il 60 74 LT 45
HILE . 2555218 % (bypass-air ratio, BAR) . X
55, LA TVB-N {E/1 TBA (N $54%,
3 M L2 A4
F2 HEREIEITER U (108K TESERME

Table 2 Level number and value of Uniform Design U}, (10%)

i T B2 /E/ﬁ;s-ﬁaf Air}jkejlgscit
Number Temperature/'C yIr)atio /(ms™) v
1 1 (8 7 €0.7) 5 (0.9
2 2 (11 3 (0.3) 10 (1.65)
3 3 (14 10 (1.00 4 (0.75)
4 4 (7D 6 (0.6) 9 (1.5
5 5 Q20 2 (0.2) 3 (0.6)
6 6 (23) 9 (0.9 8 (1.35)
7 7 (26) 5 (0.5 2 (0.45)
8 8 (29) 1 0.1 7 (1.2)
9 9 (32) 8 (0.8) 1 (0.3)
10 10 (35) 4 (0.4) 6 (1.05)

1.2.3 AREHNZ

) FH A THE 7K 43 WU 7 ASORT BT 6 JHE 1) £ £ 35 4T 7K
SrE, FIEIE A Y PR R AR AR AR LA R
S0 S I VT R T8 15 K R
1.2.4 TVB-NAA& M Z

KHEE YLK E A%, SRE S SC/IT
3032-2007 7K/ TVB-N [l .
1.2.5 TBA{E&gME

Z A .

2 HRSSDM

2.1 FIERtE

PSR RS TR T AR 3 s, R 3 B T
TERNGME T TR Z B K RN 50% 0 k56 2
FUNTAL, [RS8 AS TR TR0 I 2 s 2%
RUNFSAREN T e A B by SR ] it G
MR B3, BT R, N i ]
Gk, I HARGEIE N T8 75 (R I TRt 4 2
2.2 TVB-N #0 TBA {ERYIH 510 45 R

B i 45 3k 3. 3R 3 T LA
TR T 20 TVB-N Hil TBA HIE R A 5 KI5
Wi Fif i T, AR IR RS K, TVB-N 74
A BEZ BN R T AR T R AL,
S5 TBA FIT R, Mt R TR AR 4%
ff 4 'F TVB-N J TBA {HARERIBARA, BPRSE
17°C. 55l % 0.6, XE 1.5 m/s i, HE KT
FRAS 20 R T % fa S C7KZR 50%) (1)

TVB-N fH % /> . TBA fH &, 45K
31.64 mg/100g. 3.36 mg/kg.
Fz3 BEIHREER

Table 3 Results of uniform design experiments

s - lilE95ie
we s TERERE g g
oy E-A (1 TBA for
a2 I i) Constant rate o
. . TVB-N lipid
Number  Terminal of drying -1 Sy,
. L7 /(mg:(100g)")  oxidation
time/h starting time/h 5
/(mgkg™)
1 58 44 36.12 4.32
2 49 39 34.72 4.65
3 48 40 34.44 3.68
4 43 40 31.64 3.36
5 37 32 47.04 4.74
6 34 27 35.28 3.59
7 36 25 42.00 6.67
8 33 24 52.92 6.53
9 34 31 97.44 7.96
10 37 26 85.40 10.58

2.3 RWHEREAD IR
2.3.1 TVB-NAH&GE AHoAT4E %

N T 25 52 S e VIR G % DR 3T AT M i
fa i e, DOXCTIESIEE . (FKEh 50%)
TVB-N i A% %2555, FIH SPSS #fF, KA =T
(1Y, S8R 4l R T R AT, FExt4h
BT IR, RIS IE R RN o YA KT fik i £
TVB-N W4 ik 4. £ 5. % 6 Fimn.

*4 AROBSHERE

Table 4 Simulation level

e HRFAER WERMR MR bR
Mo dél Correlation Determinant Adjusted RZE
coefficient coefficient Radjz SE

TVB-N 0.933 0.871 0.806 10.17404

x5 AREEEFMHEN
Table 5 Overall significance
ot SEJr A df Sy P Pl

Model Sum of square Mean square F-value Probability
Uq. 4185.050 3 1395.017 13.477 0.004
Regression
Bz
Residual error 621.066 6 103.511
At
4806.116 9
Total
xo6 REREMHRE
Table 6 Coefficient significance
EbrHEC R ArEL R
pm Non standardized Stand ) pli
A coefficient coefficient " Probabilit
Model — t value
B PR 2 ) y
SE
T
80.364 22.956 -3.424  0.014
Constants
NENEd
i S, 4629 2152 1819 2151 0,075
Temperature
‘J?LJE B -11.813 0.297 -0.232 -1.490 0.187
Air velocity
WV Trx
Square of 0.150 0.049 2.571 3.045  0.023
temperature

. BIIA RS Beta-brdE I RE. .

Note: B-regression coefficients; Beta-stand regression coeficients; The same as below.
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RAF IR I TVB-N 1 Y, HARENEE x|
TR xpn KO x5, KA IR WA
AR REL R 4 0.933, YeE RE R A 0.871, iff
H Rog” 4 0.806, YN ILEERLT. K5 FLH
FEFATI S, F AN 13.477, p{EHA 0.014, Pt
AR 2 2 o R B R EOHAT ¢ K5, xR
I ¢ (HA-2.151, p {HA 0075, AEE; xR
K ¢ 16 4-1.490, p{HK 0.187, AW x WA
B ¢ 3.045, p ik 0.023, B HHURM ¢
8 49-3.424, p N 0.014, W3, [FIHTHERHE
P F R 3 AR G HERR RN, HERR T AR 5 xo
FFRNA KT i A B (B 7Kl 50%) o' TVB-N
i Y, (mg/100g) (KBl 7R

Y1=80.364-4.629x,+0.150x,%-11.813x; (1)

mEE R (1D o CUE 5B 5 2 5
AT 5 £ TVB-N {H 1 EE R, miE.
IXA] g S R A AR RS )V R N, T R
TR A/ Ra S Sl = IO (7 e = 7/ BT S
TVB-N {30, IuN g% HiE TVB-N F14i
B — A2 [ AR FT Arrhenius 7 FE B AT
B LA RS B P2, AR R A H AR IR 78 IR
T Tl 5% £ % PF R 15.4°C, XGE 1.65 m/s,
AR T £ TVB-N (B 2D o £ 303
9, T4 15.4°C, KEE 1.65m/s T, KT
fii TVB-N {E HUAE A 25.16 mg/100g, SZAE
A 27.03 mg/100g.

2.3.2 TBAA&I= VA4 R

T 25 23S v A S DR E O R
fif e (/KN 50%) TBA {HIIN, L TBA {4
Jifabr, FIH SPSS #AF, KH ARk, Xt
P51 06 4 B AT [RDABEI A7, % 45 AT L
B, WEECEE MR R, VA KT % £ TBA
TS Rk 7. £ 8. & 9 Fin.

x7 FREMUSHKERL

Table 7 Simulation level

feim MR AHR /;%Tt/%ﬁRz W%Ramz A THRRUER
Mozl:_al Correlation Determinant Adjusted %=
coefficient R coefficient R R;,dj2 SE
TBA{H 0.960 0.921 0.899 0.73708

*8 AHREEMHME
Table 8 Overall significance
(B N e FlH pli

Model  of square 4 Mean square  F-value  Probability
EPE]
Regressi  44.613 2 22.306 41.058 <0.001
on
Residual ~ 3.803 7 0.543
error
o
B 45416 9

Total

2013 4F
9 ARYBEMHHRIE
Table 9 Coefficient significance
Aebruefb 2B ARAEL RS
Non standardized Stand
(et coefficient coefficient i plt
Model FRUE t-value Probability
B R B
SE
‘i Constants  7.854 1.518 5.174 0.001
o iy
i S, -0.535  0.156 -2.097 -3.441 0.011
Temperature
x12 0.017 0.004 2.953 4.845 0.002

NAFEEEL TBA {H Yo, HARENIRE x. &5
AROFEH o WOE x5, SR I AT
HIZEE R} 0960, e RE R My 0.921, i
Ragi” 9 0.899, A MU MBS o Xt 7 RE 1A St 2 1
HHATHES:, FAE M 41.058, p {HA/NT0.001, Kt
(AR 2 o R R BT ¢ K, X 1)
FHH ¢ fH N-3.441, pfHA 0011, B3 x AR
B ¢ {0 4.845, p {HK 0.002, REE; HEIN
() ¢ N 5.174, p AEA 0.001, HERE. xo Al xs
HEBREL A RN A U RS 1o 45 374 XU T A5 s sl i £
i (FKE N 50%) TBA {H Y, (mg/kg) HIRIETT
FEH

Y,=7.854-0.535x,+0.017 x,* 2

fH 8 M7 FE 2 TLUE Y, Tl &5
ey XM £ ) i TBA (LA EZER 3, HoR Ak i
F (p<0.05) , XA TR A S 7ENR I AL
BRI R B, T il 5 2 s i i i 4 A Bt 1
() R R . 1 RUEORI 5538 IR IEFEXT TBA {HITC
Fm, T TBA {H& &5 BB T
PR B A0 S TR 15.7°C, 17 KGR AR 1R 56 e
JEEN (0.3~1.65m/s) Bk, AT N T4
fif i TBA {E /> o 3 B RES, T 41 15.7°C,
HIE 1.65m/s &, K TfifEf TBA AH T AE
3.64 mg/kg, SEMIE A 3.50 mg/kg.

2.3.3 AT R T IREE & R T LA

ity 22,1, 2.2.2 METHIRIR IS % 10 1 gl
KT RTINS REREN L0, ey IR 1)
TR A B T 200 15.5°C, KUE 1.65 m/s, 4
ROFEF 0.6, Bl A 15.4 A1 15.7°CHIT,
FEMEARZE, B 15.5°C, A5 XE 1.65m/s, T
PEREFEAE A 0.6 A/ Tkt &kt
96 06 AE, W A3 KT 8 TVB-N AR SE i A
25.08 mg/100g, TBA {HSZMI{E N 3.29 mg/kg.

3 & g

DL di 0 2 S b TVB-N I TBA i A 36Fx,
S Y ST RS, A B TR A A
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TVB-N A TBA {H 7 5 5 KT 0 L ESHERE
BT NS 3 i B Y it Wy S B R S sl b -2
Wiy X T A7 51 5 R TVB-N A TBA ) 32 2 D8 &2 i
JEFNAGH R B AR AR R LA At N ) REFER I 25 2L,

.
)

Tif R H M o B £ VA T B T 2 A L L

2O E 15.5°C . KUg 1.65 m/s. ZA 550 % 0.6,
A TR S5t TVB-N Fil TBA {5/, fEFE
A%, HALREFERRIZ RN 29.66 g/kWh.
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Modeling of total volatile basic nitrogen and thiobarbituric acid of
silver carp dried in cold-air dryer with heat pump

Gao Ruichang, Yuan Li, Liu Weimin®, Yu Maoshuai, Zhou Cunshan, Ma Haile
(School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: The quality and flavor of dried fish products tend to be affected by dry conditions. A high drying
temperature will lead to the propagation of microorganisms, the oxidation of fat, and the increase of the content of
total volatile basic nitrogen (TVB-N) in fish. A cold-air dryer with a heat pump can be used to keep the quality
and flavor of dried fish stable, and to reduce drying energy consumption, in which the lower temperature source is
used to heat the drying air with the help of a compressor. The drying medium of air in this technique is not in
contact with the outside environment, so that the oxidation of nutrients and propagation of microorganisms are
effectively avoided To realize the characteristics of fish products dried by cold air in a dryer with a heat pump, and
determine the effects of the cold wind drying process parameters on the dried fish quality, silver carp was used as
the drying material and tested by a uniform design of experiments of U;o*(10°). TVB-N and the value of
thiobarbituric acid (TBA) for oxidation of fat was investigated as the criteria of quality of dried silver carp in the
conditions of different cold air drying process parameters. The drying air temperature(x;) was 8, 11, 14, 17, 20, 23,
26, 29, 32, and 35°C, the by-pass air ratio (x;) was 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0, and the air
velocity (x3) was 0.3, 0.45, 0.6, 0.75, 0.9, 1.05, 1.2, 1.35, 1.5, and 1.65 m/s, respectively. The value of TVB-N of
10 experiments was 36.12, 34.72, 34.44, 31.64, 47.04, 35.28, 42.00, 52.92, 97.44, and 85.40 mg/100g, and the
value of TBA was 4.32, 4.65, 3.68, 3.36, 4.74, 3.59, 6.67, 6.53, 7.96, and 10.58 mg/kg respectively. By SPSS
analysis, the regression equations of TVB-N (mg/100g) and TBA value (mgkg) was
Y1=80.364-4.629x,+0.150x,%-11.813x3, ¥,=7.854-0.535x,+0.017 x,°, respectively. The results show that the fit of
the regression equations are good. The drying temperature was the main factor that had an effect on TVB-N and
TBA. However, the effects of the by-pass air ratio and air velocity were not significant. The optimal parameters of
the silver carp drying process were determined as temperature 15.5°C, air velocity 1.65m/s, and by-pass air ratio
0.6. The results can provide references for the industrial production of silver carp dried in a cold-air dryer with a
heat pump.

Key words: drying, models, quality control, cold-air dryer with heat pump, silver carp, TVB-N, TBA
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