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Microwave extraction process optimization and quality analysis of beef

tallow based on response surface method
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Abstract: To further improve the extraction efficiency of beef tallow via microwave - assisted
technology and optimize the oil - extraction process, this research utilized bovine lumbar fat as the
raw material and adopted a microwave - assisted wet - extraction approach. Through single - factor
experiments and response surface methodology (RSM) optimization, the effects of the liquid - to -
solid ratio (volume of water to mass of bovine fat, mL/g), microwave power, and extraction time on
the extraction rate, average temperature, and acid value of beef tallow were systematically
investigated. The results revealed that the optimal extraction conditions were determined as follows:
an extraction time of 7.3 min, a microwave power of 480 watts, and a liquid - to - solid ratio of 0.6
mL/g. Under these optimal conditions, the extraction rate of beef tallow reached 91.72%, with a

EERM: BE “BIEE+ LRI PMEBIH (2024QCY-KXJ-079) ;  BRoG&RHEA1H BRI B
(2024RS-CXTD-70)

fEZ®N: Al—iF (2004-) , 2o, ABMERL, TW7RAERAES %4 (E-maiD
375972837@qq.com,

BIEEE: 2, Fl#EE, HL, (E-mail) gili@nwafueducn; T4, #3%, 1+, (E-maiD)

xiuzhuyu@nwafu.edu.cn.



final temperature of 98.32°C and an acid value of 0.51 mg/g. In comparison with traditional
rendering methods, solvent - extraction methods, and enzymatic hydrolysis methods, the microwave
- assisted wet - extraction method exhibited a significantly shortened extraction time (reduced by
more than 94%). Additionally, it showed the lowest degree of beef tallow oxidation, the highest
sensory score, and remarkable comprehensive advantages in terms of efficiency and quality. All
physical and chemical properties of the extracted beef tallow complied with the requirements of
relevant national standards, thereby verifying the feasibility of the optimized microwave - assisted
extraction process for beef tallow.
Key words: Beef tallow extraction; Microwave; Response surface optimization; Process
optimization
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E2ME, ZJEAN 2mL 1E CREiRie 30s, I 1 mL WA Eh/KIRJE 30's, BL 2000 r/min
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VPN 1) Bhiksk B AL R MBI K B R TR 10 At 10 42 55 4 8 sk
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HE AR T RE A B T /KR I B AN REAR LA FHU), oK BB DI, A B AR 7 v AR 7K
BB HAR . UBEE B EDKIE, SBERIGE TR AKHERM, BT KMY
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1 0 (5.00 0 (3200 0 (0.8) 79.91 87.15 0.66
2 1 (8.00 1 (480) 0 93.52 102.00 0.68
3 0 -1 (160) 1 (1.0 74.13 31.53 0.25
4 -1 (2.0 0 -1 €0.6) 66.35 61.40 0.38
5 0 0 0 80.86 88.90 0.67
6 0 1 1 75.91 48.00 0.65
7 1 1 0 71.62 71.72 0.48
8 -1 1 0 77.32 30.30 0.12
9 0 0 0 78.36 91.45 0.72
10 0 1 -1 74.50 49.32 0.18
11 -1 0 1 86.88 50.00 0.60
12 1 0 -1 85.24 81.25 0.55
13 0 0 0 83.31 92.33 0.70
14 0 0 0 79.24 96.57 0.74
15 0 1 -1 87.92 86.68 0.49
16 -1 1 0 81.73 37.42 0.92
17 1 0 1 91.55 61.36 0.73
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9.81xX12X3-4.37 X X1 X22
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2X3-10.65%X:%-20.27xX2?-17.13x X:2+18.7x X1 X5

KT (Y3 HIEIEGFE: ¥3=0.698+0.525%X+0.2138%xX>+0.0788%X3-0.15%X.X>-0.01x
XiX3+0.0225%X:X35+0.0122xX1%-0.1602 % X>%-0.1452 % X3
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F4-1 HEREE (V) NEEREGES R

Kl F75F BHEE 2y F{& PE SEEM
L] 782.29 10 78.23 15.41 0.0016 o
Xn-HEHR [E] 138.77 1 138.77 27.34 0.0020 o
Xo-Uj % 215.39 1 215.39 42.44 0.0006 o
X-TURH AR 38.32 1 38.32 7.55 0.0334 *
XXz 76.48 1 76.48 15.07 0.0082 o
XiXs 50.55 1 50.55 9.96 0.0197 o
X2X3 33.87 1 33.87 6.67 0.0416 *
X2 27.04 1 27.04 5.33 0.0604
X2? 14.60 1 14.60 2.88 0.1408
Xi2X; 192.28 1 192.28 37.89 0.0008 o
Xixa? 38.15 1 38.15 7.52 0.0337 *
7 30.45 6 5.07
037 16.04 2 8.02 223 0.2239
aliigE 14.41 4 3.60
M 812.74 16
R R ZRREE (P<0.0D) o hERFEE (P<0.05) , FH.
*4-2 REEBE (V2) WEIVFERFESH
KilR 5 BHEE 1ys] F{& PE EEM
it 9112.58 9 1012.51 38.76 <0.0001 *x
Xi-HR i ] 243.52 1 243.52 9.32 0.0185 *
Xo-Th 2 1040.36 1 1040.36 39.83 0.0004 o
Xo-1UEH A 962.73 1 962.73 36.86 0.0005 o
XXz 134.10 1 134.10 5.13 0.0578
XoXs 109.10 1 109.10 4.18 0.0803
X2 471.57 1 477.57 18.28 0.0037 o
X2 1729.99 1 1729.99 66.23 <0.0001 o
X3 1235.16 1 1235.16 47.28 0.0002 ok
Xuxa? 699.19 1 699.19 26.77 0.0013 o
W7 182.85 7 26.12
AU 131.02 3 43.67 3.37 0.1356
a7 51.84 4 12.96
M 9295.43 16
% 4-3 BN (Y3) MEIVIERIGZE S
KR FrF BEE 2ys) F{& P& BEM
el 0.7375 9 0.0819 25.32 0.0002 **
Xi-$RHU (8] 0.0221 1 0.0221 6.81 0.0349 *
Xo-T)j% 0.3655 1 0.3655 112.94 <0.0001 *k
X-WORHG A 0.0496 1 0.0496 15.33 0.0058 %
XX 0.0900 1 0.0900 27.81 0.0012 o




iR FFHF BHE L) F{& PE BEMN

XX 0.0004 1 0.0004 0.1236 0.7355
XoXs 0.0020 1 0.0020 0.6257 0.4549
X 0.0006 1 0.0006 0.1952 0.6719
X2 0.1081 1 0.1081 33.41 0.0007 Hk
X3 0.0888 1 0.0888 27.45 0.0012 o
W7z 0.0227 7 0.0032

0 35 0.0182 3 0.0061 5.41 0.0683

a7z 0.0045 4 0.0011

MEZE 0.7602 16

R 4-1. 3% 4-2 T3 4-3 ATA, SBIRIIIEE (P<0.01) , RIS BRI 2050 AR A 2
FR . RTUIA R EEM (P>0.05) , Ui BB S0 s (A ORI, AR 728
KB TN RZE. [FB, EHARIUE RER? 40518 0.9625. 0.9803. 0.9702, FKAPHLAY
RIS B FNME R REY), b — DI B A v Sk
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FESZUA AN M AN h 3 W2 . AL H I, XX, (BF[aIx D)2 ERMREE (P<0.01) X3 (B
(ORI ELAED 1R B AR (P=0.0197) , 6 B ZEK SRR 7] 75 DL G IE 24 Th R A K & DA
T o A R AL,

K 42 ATULEH, ST, BRSmEE, RO LR i 2, I E
A THRE, R, X SRR AR R BB, B R R iRt
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OB AR T IR AR 2 R BB IS A & . BEAh, TIRI X2 X2, X2 ¥R
(P<0.01) , ULBHIR S &R 2 IR R R LR R, FAERMIEH X .

H3 4-3 AT 50, BRIR D0 BRAN RS2 ma Al i 2 (P<0.0001) , & 58U IR /K A AL )
FEREER, Thaid e MBI, (A i S B SR 25 6 107 R 26 o 0B B AR AR 5 M 1
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HR I TR AN i o B B R TR . SR BT X0 X, (PRI D3R Bl 2 (P=0.0012) , 3%
Bty D) 2RI (] A 3 2 B[RRI ER A v, SRR L 25 Hp 75 i e — 35 [RI N Ab T 1 7K
2.2.2 me ST B A3
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4-4 BN E)ROMOK DR T BRI 22 ERZ AR HY = (L E A S 2 E

HIE 4-1. &1 4-4 T, SREUN RGN R 25 5 1 S, (HId I (i) S B IR T
B AR DR AP L EE T IRIBCR R T, (Bl s MTh R SBUA RIS FER 1 5Bk
o [, BRABE SE NS [ ANl DA (g M p 62 0, X AT e B = PRI A 2 2
PR RIELE LT A A B v R P R K R AT AL SO o A v 2 B SR B IR AR, R W S LA
W&, FE—NREHE RERBCRIA B HOME, BRUME R HME-.

HIE 4-2. & 4-3 T, X5 A SR HCR IR R R HE 9 - D> 3R U [R)>Y008) EUAR
FEMCRHLEBARAITEOU T, BEAE I (R 3G 00, $RECR e EIH A TR, WORHLEBSHOL T, b
5 IS TRIHG 0, $REXR 56T B e T o o T HE T 5 BR Tk i R AR A 2H A i T SR B TR g
TORHEAELRARAL -

2.3 e e

ZEE W I AT AR, R L 2R PR IR SR AL, IS K B m R R, (HIR
H 100°C 25| K AREA LN, HZ M GB10146 - 2015 (%4 E X hrue & s fig)
SEWC R BRI AT & — i e & bR itE, WORAAR IR A2 7.3min. 480.0 W. 0.6 mL/g. 1%
MET, REUCRIE 92.48%, BAIRE 99.87°C. R 0.445 mg/g. FEMLEMF FHEAT 3 RIGAE
SEG, SRR EURIL R 91.72%, F&IRE 98.32°C, BRI 0.51 me/g, 22 WM N [R5 ) 4 ] 5¢,
BA S bR E

2.4 PRI h A N 4R

ZE GB 5009.229-2016. GB 5009.227-2023 J3 5l X 2 B A5 i (R A A5t S8 A AR 3k 4700
T, SRR IR L IR N AT €, 2 GB 5009.236-2016 i
KRGy AR G AR N 5.
=5 RIMAHEBAMENESER

B IEHR R EFRZEXR
RN (mg/g) 0.51+0.03 <2.50
HEAE (g/100g) 0.05+0.00 <0.20
Nl (umol/g) 0.28+0.02 <0.25
RG> KA R (%) 1.28+0.03

R S %0, 2 GB 101462015 (&M% EFhridE SR AEY , $EHumAsIR M
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R B (%)
BIiE (T2

I
B

Ik s T 44 58

B 5 REIT SR RS AFBR4E AL
VE: A, SFA NBAARNITR, MUFA NS ABFRNITR, PUFA NZ AURIARIE .

11 5 AT, SR ECT V250 e 7 PR 4 R A Yk 2 R o AR 5 RV I TR R I TR (SFAD
AR 67.88% Fl 72.08%, A EARERANARAER (5 3= ST . VEANEREIRRE & =R
mTHALTZ, KR TR E S (>50°0) Fsgfréa et s T RUES &I 2T m
Yiseo AT, KIS SFA vl e He A FE NG 8 1 IEIE B 7K SF, 386 0O A8 3 X
GUOT, AHEL N, TR BIEIR I SFA (5 LA (62.02%) , TH IR ER AAZ AR AR & = i AR
THEFNE, R A R NE B T HES R BRI R & 4, HEIE A T R IKIR 3N
PEFA L (b IR o ERORIBAASITER (MUFA) J7T, s Bhigik MUFA &
botpermr, LA VHERIE A Co il sy, P Ik 0 AR 2R 1 AR I 1 PR a3 H v =B 7K
7 s 0 ) 50 I A A R A TR iU 70 G v O B 6 M R 5 Tl PR PRt 35 S0 R I A O, szl
ANELANRE 7 R R A R DS, BT T2 2 ARG R (PUFAD &5 LEIITE 3% /5 44,
WM S o0 PR ER AN 7E B AR AL SR A PG Y (RS R I Tt A AR A S T 0-6/0-
3 BB (4: 1~10: 1D o AR LFTEEIIRTE K, FERVFFM (a-FRER>50%) B IH
(EPA/DHA #&m) o [AfFERNE, BfREPR M E R SR (0.18%) , KT EE
2 MV TR UL A 2B S A 1)



LGERE, W BRI R, AN SFA. H MUFA M AT AL AL
R (i M IR AR (MUFA>35%) /2 Tl e 1R R0 ) f 2 AR e 200

2.6 RFE L ERIFh &R i

MWEMNRERE . W B R ITIR & RS E B & L2 A B 2 7, Bl I piR
W2, o min Sz i AL A S B A i 55 FAd SR O 105 2 RO 7= i O BRI SR B . $RERHEAT
XL, SR 6.

* 6 TR T ZiRIMAFmmRLLR

R & B&IN HELE mE REE
(mg/g) (g/100g) (°C) (%)

BRI (FR) 1.48+0.032 0.15+0.02° 159.37+£0.97° 96.66+0.66°

BRI GRIB) 0.77+0.08¢ 0.060.02° 97.26+0.99¢ 92.77+0.61°

BRIEEGE 1.33£0.02° 0.1340.02° 67.73£0.71° 94.42+0.50¢

58 AP 1.36+0.11¢ 0.1940.02° 78.59+0.60° 82.73+£0.51°

T e Bk 0.51+0.03¢ 0.05+0.00¢ 98.32:+1.22¢ 91.72+0.84°

e R RO ERHEE TR, F—SIARFEEREE (P<0.05) .

HE 6 WAL, FEGBNEER A mERN B er AR E L ES R ERT
Foftho i, RAZ LA B MAREAN, BONFEEEOR B I TR R SR i o 5 B 3 T2 K M
1%, A B ORGP A P AR ey, 38 TV R 1 R R, SR R T N — DR Ak
H, R LIRS T BOGVERVA A, (R E TR, 45 SRR E, Tk
WAL T 7.3 min, JLARTTERN #E 2 h (BGHET 1.5~2 h, FEMREZA 250, &
FREL) 6 0D, CEA SRR SRR A BB A R . T RS RIRH, TZ2%&MHR
AP AR AT I8 5 PR AR A i 2 ST R RS 1, T i A B a4 i T
FURIREE, HE—2DURAUE T 206 T 200 T g R AR ), 38 FH 1 b A A= 7= A s o & 2 T
i 25 21,

M SR TSR B B VAR 25 T AT S Al S bR s R S TSR, KL
M) S TR A B B A il 5 A R BT V2 BT i = R B VR 2, R xRS SR LA 6.

El 6 TRIZENFHRETERILE
HIPE 6 Al DAE Y, Sl BV IRIAAE 5 AR Zh B W R L% . HIE IR EERY,
B LM Z WA A s K DR SEIERTE, B 7 HAEEE. AR, RS L&Y
YERE AT, o RRE R . ROBEIE SRR (RS O B LR AR TS 2k
T2 TR S B AP AR WO N A 28 ST REA R OR B A4l KUK 48 08 R AHEE 2 T
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TSR RE D A B 3 B P 5 RV B AKX B AS 2R ARG, TR sk e B
By WS MRS BADIRESYE LR IO Wk, (BRI A, MORIREIA- M 2R G
FIHY o &5 b, sl Rk A i o BT W AR S, A T2 A RR AR e R oKk (A
CFEERIR R B D) HEAT B PRI

3N

ASCUL A ZR I8 2t SR B B IR I 2, ARG M OB AR s D
SEHUR (0] A= IR R U AR B . 45 SRR, ARALER I T2 56 A 3R BN A] 7.3 min. fdk
T2 480.0 W. EHEAA 0.6 mL/g, 5T, $2HUERN 91.72%, mAWRSE 98.32°C,
0.51 mg/go FEHUAI 2 AL SR ARTT S HH R H KR 2R, RIS I T Z - AT .
HEEMBURE: @R, Ak RS, DRIES R TAG 7%, TTEAIR. BRIGOK,
A 5. ARITRAL L MR B, 1% L 2REUI 4+ SFA & & 62.02%, MUFA &
34.88%, PUFA & 3.23%, ZFRANGWIRR, 0T 75085 i vt v A0 I 177 A0 Pl e AR v £ e X
BRI X EE AR TZ, il i BB L R R i e R A RIS, 4R HUAS ) SFA &
HA%, MUFA &5 5, BEHEITE SFA. = MUFA” BUAR(EFEH e briE, 7E5 372 HEN
HURRH, AFl s mRon TRHE 7R .
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