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Effect of extrusion conditions on lipid quality in puffed food
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Abstract: The lipid quality of puffed food is easy to be changed during the extrusion processing, which affected
quality of puffed food.As health and nutrition was concerned, palm oil was chosen to produce the palm oil-based
puffed food, and the central composite design( CCD) was adopted to study the influence law of the extrusion
processing conditions( moisture content, barrel temperature, screw speed) on its quality ( total oxidation value) ,
determining combined experimental conditions of the lowest oxidation content,and the verification test was carried
out.The research showed that the order of factors influencing the oil quality of the palm oil-based puffed food
during the extrusion processing was as follows: water content > barrel temperature > screw speed. A potential
significant interaction between the moisture content and barrel temperature was shown, as when the barrel
temperature was low(100~110 °C) ,the total oxidation value decreased with the increase of water content, when the
barrel temperature was high(110~160 °C) ,the total oxidation value increased with the increase of water content. Within
the scope of experimental conditions, combined various factors of the lowest oxidation content was obtained as the
temperature of 124 °C,the feed moisture of 22% ,as well as the screw speed of 250 r/min.Under these conditions, the
minimum total oxidation value was 27.15 meqg/kg,and its experimental value was(25.29 £043) meqg/kg.
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Table 1  Corn starch composition
oy BOKtEEY EAR MR ko il
(%) 85.00 1.20 0.10 1350  0.20

K2 REE AR TR LK

Table 2 Palm oil composition

K EFIIENIR RAERIIRIIR Z AR R

(%) 45.90 42.41 11.69
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1.2.1 Mk RmmmdE e EKRE
Aoy ARV RN 25 08 K 3 — 2 L TS PR ALIR S 2
), ST A B R AR R IR o [ A v B
10% (#5480 30 92 12 S AR &R ) 5 Fr 85 R 2 (L VLS 3D
30 minik FIFR RS @ W B HITH R
SLHG ;AP RAL I 2 TA] Y sURHE PEALRS 10 min, i 4L
TEHE WCERAE S 57 L FE S & RIS AEA BN FE R
15 min, B2 RIEFRE
1.2.2 g s S il ig 4R E Tl e
LI B AL B SRR O v SO TR AL A8, i 70 H 0,
4 A SR ICAR SO M Ag 42 i, & T 4 CukAa iR
VE=E A
1.2.3 3481k {8 ( Peroxide Value, PV) Jll 58 % 18
GB/T 5009.37-2003 H b Ak x) 1.2.2 g2 By il g
It A AT 5 .
1.2.4 5 & B {H ( Anisidine Value, AV) Il € % 18
GB/T 243042009 Xf 1.2.2 142 B B i) 1ol 7 e (L i2E
AT AE o
1.2.5 4% 1b{f ( Total Oxidation Value, TV) K& /H
HATEBr LAy 08 4 2 AR B 5 Am R PP i 45 19 2 16
iR A LS AR, A L E S 2 it
FAVE S EFE AR, = (1) R

TV =2 xPV + AV (1)
1.2.6 0 4H & 52 56 ( Central Composite Design,
CCD)  FERT AMFFE Ry FERT 7 M3 R R AL 2 b
HLRYIN T 26, 6 B TR 100~160 °C, 82T 46
250~500 r/min; B EIK G & = 10— AL T 22%
ERTEB AR T E&H 16% K4, K o> &H i E N
16% ~22% ;5 DL 448 A AR g Wi 02 AR o AR 9 i 17 T 18 1
SRR B E A5 LR W L, BROAK S IR (- 1.682, -1,
0,1,1.682) , AT LARRAR LI L HERU AR R 25 . R =
PSS L RM WS R i SO E 7y a vy IR UK O B | =2
AL AR FEAT AT 5T, Horh BE S IR AL (°C) K&
i (w% ) BEATHEH (v/min) =R H LR, %
FARVIRCE ILER 3, & SEE AT 3 IR, MO SE S E P
SR Design—Expert 8.0.6 #RAFXF FrAg £ A7 AL 2 .

3 LB EKES G
Table 3 Factors and levels of CCD

ALK

Hx -1.68 -1.00 000 1.00 1.68
LR (C) 100.00 112.20 130.00 147.80 160.00
K& (w%h ) 16.00 17.20 19.00 20.80 22.00
PEFFREHE (r/min)  250.00 300.70 375.00 449.30 500.00

127 BEHAIET AT R 2 SR P B
{8 + PRUE{E (n =3) , @ 3 Design— Expert 8.0 X} 7K 43
b BRI AR S 32 BEAE AT T 2=
538t 4 p <0.05 B, 25 5% W3
2 HRSHH
2.1 FFEI T &4 xRS MR A R0

— e, il i AR AR AR 5T S AN A RIS T TR 1Y
SALTFUR W, FH B AR 53T AN A0 B B s, ik 25 5
KA. HRE 2 e A L B TR R SR S I
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AR A T I 22 ek, b I SRk T AR A I B A

R (p <0.05) , Herpok o3 & F i 2 i By 2, T IR
P2 30T JH 52 i) DU AN i 2% (p > 0.05) o ]I, O A2
H LA S5 3 1 (R BT p > 0.05) , HOZ A AL
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REN  RITD O ) o Sl N S 7 A S | B R e =
JE ORGSR MR R X il g A BT S e 2 AT )
B AT F5 I

F4 PLHBBOR KRR
Table 4  Arrangement and results of CCD

R ; 247K 4316 BE R T 0.3, al BE A g 38 7 S8 RO s S SRS S AE
L, 4 3 T AR T AR R P HR 20 F 10 ERRE Ka&E B (meq/kg)
A AN A e B8 AL R B T Bl M, B ER R 2 R W 1 0 0 0 125.35 £0.017
7R, IR S A S R R MR e A AR A, B i 2 1 1 -1 117.20 +£0.033
Ykt 5 2 e R AL 3 1 -1 80.57 +0.012
AR H G LR TR, B R 4 0 0 0 128.65 +0.027
N T R A T R B K A B R BT R X = 5 -1 1 -1 102.45 +0.032
AR ZEATUIE, B KN 3R 3 o, &5 R 3 6 -1 -1 115.26 +0.059
LG LH A M SRR SR ULER 4 PR 7 -1.68 0 0 107.78 +0.009
FH2% 4 A1 0, AN TR) B 55 i T 4 420 X0 i A B 5 8 -1 1 120.81 +0.051
F A AR T T S A S A TSR], S 25 4y 9 0 0 -1.68 111.92 +0.015
AT R0 T ok i 4 ERL 28 %) A el TR s BT 104 5% i R A 10 0 0 0 130.63 +0.021
DIERREE (A) K& 5 (B) FMEFF 3 (C) A 11 1 1 123.61 +0.028
As e, AR A ARE (YY) S BB, SR FH Design — 12 0 0 0 133.56 = 0.007
Expert 8.0.6 M4, X 3£ 4 &AL EIR X4 K& 13 -1 -1 -1 114.81 +0.010
Fe R R Z I OB R AT LA, A5 2 9] U5 AR AR O fR 14 0 0 0 12877 +0.020
= (2) Pros . 15 0 0 1.68 105.20 +0.031
Y =129.82-4.89A +6.93B + 0.69C + 10.25AB — 16 | - - 85.05 +0.038
2.11AC +3.60BC-10.63A>-1.96B°-8.26C’ #(2) 17 0 0 0 131.22 +0.062
X RR AT R BT 25 00T A SR ILER 5 18 0 1.68 0 134.17 +0.053
5 i, L /KS&E ERRERE &5 19 0 168 0 118.58 +0.041
W BE FRK & A8 BAE FH B TRT R BE 1) R B MR 20 168 0 0 95.94 +0.034
Hl 3T 1) R U B A B RS TR 0 S BT R W
#£5 AR
Table 5 ANOVA for the regression response surface model
e 3 RS IR F{H p1E g
i 9 483.75 21.17 <0.00010 .
A B 1 326.88 1431 0.0036 ok
B K4 im 1 655.07 28.67 0.00030 %
C BEAT% ok 1 6.52 0.28 0.60
AB 1 840.26 36.78 0.00010 ok
AC 1 35.69 1.56 0.24
BC 1 103.62 4.54 0.059
A? 1 1628.75 71.29 <0.00010 o
B? 1 55.47 243 0.15
c? 1 983.93 43.07 <0.00010 .
Fh 10 228.44
AT 5 55.36 4.86 0.054
ufiiR 2 5 38.95
A 19 4582.26
BT 2 R AL R =095
RN Ry, =091

T i (p<0.05), = HHEFE(p <0.01),
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Fig.1 Response surface of the total oxidation value versus

the concentrations of experimental factor
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160 °C) , BE/K /SRR (16% ~22% ) , 4= S AL (B 1Y
Ko BXPTHEER B T /K45 1R A T AR, BEE K5
RN, K A3 TE FE R R, — K R E Yok, A
WO, THEE 2 B I o v AR AR, i T B UK
fit GEAL TR AT 0, K A B R TR SR K S
N (16% ~22% ) , i 25 2 147 a5 385, 4= A {5
WG/ 3X AT B8 5 55 N Toad 72 vh iR AR 4k,
SEEMPIRAS A, FE K S & — LT, R
55K 43 A0 EAE A6 15 S AR, AR T, A
ARAE RGN, 25905 B AT — (A, s e —im g &
B R, g |k

B 1B S T WA FE 3 5 2 1R TR R X I IS A AR
AUAESE B RE MR o PSS iy 42 7T LU IRIT M B 5
SEERENAZTAEHAN LS, SRR 5%,
TERGAT 5% 3 2 50 7K SF- ¥ [l ¥ (250 ~500 r/min) |, Bifi 25
LR EE I (100~130 °C) , 4 b E I ., X
T BB PR A B 2 TR T, A TR R, AR E A A
B T R SRR, P AL TS T sz Bk [R] A e
NEAEAIFT AT T, BRI LUt AE K Ak
YER . MRS T = (130~160 °C) B, JE#IR
B B GE M —Im IR =2 A4, Milim g Atk , 224
ARARLIE a8 Th s T R ARR ' o 2 2 14 I AR 1R KO
JLREIN (100~160 °C) , FEMEFT445H (250~375 1/min) 14
i, 4 EALE S R, 33X 0T B8 S HR T IR L R 4 R, b
NS T S ST A AR R 2R R, SRS RS K,
N 2R SR BN AR HE I IR K | A, A AR E G R B
YBT3 (375~500 v/min) #4111, 4= S A0{H /], 3X AT
BEJE i T oL O, B NS B I TRl 46 4, 52 41k
151 AR = R B (115

K 1C TR T BT 5 Kk 4y & xhmis Ak
(HAC H R MR o MR 2R ] LLUJAI W H A4 1k 5 2
AR E RS B A B PEAN I R, 7K A0S E 5 i 3%
WA S S8 7K [ N (250~375 v/min ) |, B 25 7K
Sy ErE RN, &S B C I B AR X T RE R T
WEURF A S A R I, AR X 420 A 45 il s 5 T 422 ok 32 1T R
ARSI, K A B AR VE S B B Y BT A
(375~500 r/min) B}, B 7K 53-8 G, 4 AL E
WO o X AT HE 2 i T /K 4y S 8 WG O, RE AR vl b E
B4 e G T s A A S A B R, TR A Ak R
{H G i AT L, K 58 = FE SE S8 /K S-S B N (16%
~22% ) , REMEAT 5% 3 Y < (250~375 v/min) , 41k
{H 3G K ; BERAFTF% B 1 K (375~500 v/ min) , 245 A01H
W, AR 1B ARET

LE LTI, e SC e T BRI T oK o & & KB
XTI MR —E R, Hkaosde5E
TR 2 8] B 38 5 AR, T IR 5% 3 00 X3 3h A5 &
JER SRS, A 58 A6 45 3] 45 PR 22 6F v g i B A8 1k
SRR (4 [R5, ot [0 U3 7 R R 47 380 A B A S5y
SRS G B AE R LH SR AR B S2 86 &5 F T ah iR ik
RE RS R ERAEN S . EFHIEE 124 C,K
Sy e 22%  MRFFEL I 250 v/ min, W W (H 4 S T
WAg /N 27.15 meq/kg, 3 MBI AR S5 AR EATHE,
ZEHE A B UM W AE A (25.29 £0.43) meq/kg, f5 6 E
B i i L 2 B 2 5 1 A B AR B AR E 30 meq/kg,
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BEZK 53 Er B30, 4= S AU B W el /)N, M2 1A TR AR
w1 (110~160 °C) B, Bfi 7K 43 & &34 K, 2 S b 1
Ko [FIBTFEAK S G 8L 307K B P, Bl o 25 1 VR
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