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Effects of Microwave/Ultrasonic Assisted Treatments on Fatty Acids of Dried Goat Meat

GAO Tianli, LI Lingiang, ZHANG Ting, LIU Yongfeng*, ZHAO Lu
(College of Food Engineering and Nutritional Science, Shaanxi Normal University, Xi’an 710062, China)

Abstract: In order to study the effects of microwave/ultrasonic assisted treatments on the fatty acid composition of
dried mutton, dried samples of Hengshan goat meat from Hengshan county of Shaanxi province, a national geographical
indication production product, were subjected to microwave and ultrasonic assisted treatments and then analyzed by gas
chromatography-mass spectrometry (GC-MS) for fatty acid composition. The results showed that compared with untreated
control samples, both treatments affected the types but not the relative contents of fatty acids. The microwave treatment
resulted in a reduction in total saturated fatty acids (SFA) and simultaneously an increase in total polyunsaturated fatty acids
(PUFA) (P < 0.05) as well as a decrease in n-6/n-3 PUFA ratio (P < 0.05), making them reach the nutritionally recommended
levels. The ultrasonic treatment did not significantly influence the relative contents of total SFA, monounsaturated fatty acids
(MUFA) and PUFA in dried mutton (P > 0.05), but it significantly decreased C,,, and cis-9 C,q, (P < 0.05). Conclusively,
both microwave and ultrasonic treatments improved the nutritive value of dried Hengshan mutton in terms of fatty acids,
with the former being more effective than the latter.
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il PR Hp g 77 B 0 AR T JEE A SR 9
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e Sy e G T A AR i IR AL, R A B P R AR Rl
PRSP A BE . S PR AR 20 kHz [ A, A
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SISO TR ST R R 7S R B Ak BN A Ll S A
NE R R (5 mal, 4 A JEORE R i T AR, HES %
RERBET s 7 e ™ A 5 - AR ipt RN 75 Ik 7 P 0 TR T R
(RIEFE . Jor 00 s B A0 T 25 2% A T Al A0 R 7 i B B Ak
B FHER PRI MR SR, BIERRMEM
T 7 R O Ak B R L SR R T R R, DL
TR L 2 PR R B N TR S A — s ES A

1 Me5EHE

1.1 RS G

BOLCER, SkRE T30 8 RBE R B A 200 2E A
¥, FEL3 kg, BFETHMAEDCRYOLARAF,
ST, AURIRAT

AT EALEN. PR, =& ALTN B LS o A Al
RETBOEMZAFEFRAF; ECk. F¥Ekihe
Al REBTTARRERA s 37 AR H R TR A AR
VERES REWRE10.000 mg/mL)  Z%[ESigma-Aldrich
YNGR
12 5%

QP2010 L PUMAT AR (- i ;e AAY HARRHEA
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AR AR s KQ-300 8 A g vedl Rl wi#E A A
BWAHMRAT; RE-S2AANEREZA KA B RAMA
)7 SHB-IIEH KA Z HESE  AINKHE LR
BIRAT: N2HBHGHEEI KN TLI5E S dn i s 44X
BERAF.

13 Jik
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KA GBI SE NTES CUKFR TP R18 AR 24 h, HIFR%E
TR i R 4h 4l e, FA SIS RE, 7656 C
KAE R E T DRFEE NIk (BKEIERI10%LLT)
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H, FHI12g, 3 DFAT. 3 ALIA S Mz~ 5 =R
AbFE

A FR : $GB/T 5009.6—2003 £ % IS i 1
MsE) R RRZEAT . 4 LW THIRES, & T
e, AP E, M A B, K IFAEIRL2 h,
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WAL ERLH . W4 g FTHIFES, BT =MMF,
IINT2 fE AR AR A e, B8 S B R 600 WL AR
2 450 MHz#H TR fm R AL B, Seflili b BES s, ARG %
PR 10 s A5 il B 58 e B DU POV iEL B, R ik
HIR, HEPOE AR C. ARG, IR
W, e 2R AL IR T 2 25

R AL AL 4 g THIRE S, RN
N0 fEARFA A EE, FH300 W 40 kHz[f) i 7 9% i
VEMLFREEAL 2 ho AEFRE B S LML A VK S, 7
RIEEARHEE20 C. AFREEHR)E, TIEIRIUR, Hefs %
ARG 50
132 Hepired. FEgf

RHGB/T 17376—2008 (shte¥ifig fig il HF e
%) B =AM . BRO.1 g2 T HIRE SRR 5 T-50 mL
HIBER T, IN0.5 mol/LE S A 4N- FF VR 4 mL A i
H, BAERS, 68.5 CARMINIME R MR (M
A IRFERID) - 15 g/100 mL ) = G AL A - B B
W5 mL; 30 min' 24 B WG, FIMA2 mLAFEgd; T
BEEE, WM, SCRITINN20 mL AN AL N
FEAE R, MMZURIELS s, AkLin NG AL N IE W &
BB, #ib 2, W B JZ IR OE R A R
1000 1%, 1EANSAHIE-JF %% (gas chromatograph-mass
spectrometer, GC-MS) ZH#ridff.
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K H WG THT FR A bR B 10 mg/mL A g 7 2 BE R VR &
PRAERE i F IE QBB BB NS AN RIR RS, kit
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134  GC-MSE &1t

il ke Rxi®-5Sil MSEAHEH: (30 mX0.25 mm,
0.2 um) ; FFEECRE: 260 °C; HEREEL pL; #HA:
EAE SR (99.999%) , AN A ED.48 mL/min;
JE 374120 kPa; JEEGHIE A AEEENA: SREN
50 mL/min, A7rif. HERFHERFET: ¥ILRERE120 C,
R¥F1 min, 8J5LA7 C/minfERFHREZE250 C, PREE,
FLL8 C/minik FFHE F310 'C, {##F5 min. 5 FUE:
&R BTAEET0eV; B TIRIEZ200 C; #1
JELE300 °C; fHI 28 H 0.2 kV, VEFLEIES.5 min;
A 20005 FiEAHEE: 50~600 Hz; I [H:
5~27 min,
1.4 Hdfabre

3PP RSB IKEE, ERICEIE. s
I ¥4 35 % Fl Microsoft Excel 201011 %, SPSS 21.03#47
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Fig.1  Total ion current chromatogram of a mixed standard solution of

fatty acid methyl esters

HE LR &, 30 FhNE MR 2 Ao R
(Cip:p) ~ T—HMR (Ci.) ~ ABER (Cph) ~ =
PR (Cis.0) ~ WEEMER (cis-9 Cp.p) «~ WEER
(Ciaio) ~ TTEEEE (Cisp) ~ BEHTHER (cis-9 Cig.y) -
FRHEIR (Cig) ~ THEBRIGIR (cis-10 Cpppp) « BROGHRIR
(Crrio) ~ y-TEBRER (cis-6,9,12 Cigy) « WIHER (cis-9,12
Ciga) ~ MR Ccis-9 Cig.p) ~ IWHER (trans-9 Cyg.p)
MEMEIR (Cigp) ~ FEAEPUIGTR (cis-5,8,11,14 Chy) -
TR (cis-5,8,11,14,17 C,y.5)

(eicosapntemacnioc acid, EPA) . TR =IH8
Ceis-8,11,14 Cppiy) ~ TR TIGTE (cis-11,14 Cypp) -
TP Ccis-11 Chpn) ~ B (Chpe) ~ —F—
BelR (Ch) ~ —H BRONIEIR (cis-4,7,10,13,16,19
C,,.¢) (docosahexaenoic acid, DHA) . - hk )
R (cis-13,16 Cy.p) ~ —F ZHWRIGEER (cis-13 Cp.y) -
WHTER (Chpi) « =R (Copg) « T IUBRM IR
Ccis-15 Cyp) ~ RIEEE (Chye) o TREFRUERE S H130 Fl
JIE T P G 2 B AR R & TR DR 4 7 BT S S (P A v
TR E RER S K T0.99, Lt RARLT.

2.2 TR RN ke A B A 3K T A L = PR A T T R 1

A
22,1 TR REE 7S I B Ak EET T 1 = P T R A S Y
Al

FEMFGC-MS&AF T, 8L 5 R BRI A br
ST R, ORI AR FRAH | s Ak B 2E R 7 g b PR
AT IR L R A R IS TR R SR R, b  Ab B A
oI DT R A DL P2 o

2 150+ i
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Fig.2  GC-MS total ion chromatogram of fatty acid methyl esters from

dried Hengshan goat meat

HE27 %1, 19 FARITIRR 70 3 N Cioon Craion
Cisi0n €15-9 Ciyiin Cipon Cisipn €is-9 Cig.v Cigion cis-10
Ci7:0~ Ciyign €i5-6,9,12 Cig.5+ €is-9,12 Cig.pv cis-9
Cig:i~ trans-9 Cig. i~ Cigio~ cis-5,8,11,14 Cyy.,» EPA.
cis-8,11,14 Cyy.5« DHA. 3 2T 885 1L 2 A b 246 00 HY
19 Mg iig, HAMAAEN . (saturated fatty acids,
SFA) 8 Fl, AH5C 0.0+ Ciaion Cision Crazos Cosion
Cision Cir:of1C 505 A NTER (monounsaturated
fatty acids, MUFA) 5 F, fHGcis-9 C.yv cis-9 Cigiin
cis-10 C;.q~ cis-9 Cg. Mtrans-9 Cgqs 2 ANERE NI
1% (polyunsaturated fatty acids, PUFA) 6 F, 4354
cis-6,9,12 y-Cig.5+ cis-9,12 Cyg.ov cis-5,8,11,14 Cyy.4n
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=) Al
2 AR L SR AR NG R O A Bl Ak T SO 75T e
11 2£ TP SFA. MUFAFIPUFA FG 4 B4 31~ 3,

#1  FRLEGXTFRBELEAPRARERGSE

KB AR Bh AR B JS , i 2 P s S MUFA G B S AR 18,
(P>0.05) , {Hcis-9 C,,. Mcis-9 Cq. KIS 8 B,

MMicis-9 Cq &R (P<0.05) . A PAHBIAb
] R E P K cis-9 Cpe I E & (P<0.05) , 1% EMUFA
FIHARMUFAZH 73 FAHEN & 2 0 W52 (P>0.05)

T U5 B SR L A AR P I B Ak T SO o A oL 2 P R
LEMUFA 4 53 1 F B A7 0 35 50

3 AELEHFATFHBLERT SR BIEHIROSE

Table1 SFAs contents of dried Hengshan goat meat with different
treatments
%
SRR 2 AR ERAL A b 3R A P AL A
Ciowo 0.112£0.007*  0.11840.014*  0.103£0.005"
Ciao 0.06040.011*  0.021+£0.018"  0.040%0.010""
Ciso 0.11740.008"  0.187+0.047*  0.12840.015""
Ciio 2.85440.178*  2.345+0.008%  2.4624+0.118™
Ciseo 0.744+0.047*  0.682+0.059  0.657+0.010™
Ciso 28.56740.504" 27.8714+1.261" 29.10940.198"
Ciro 2.52140.108*  2.146+0.060"  2.32740.163""
Cisio 17.06340.238*  15.6441.000" 17.243+0.566™
JSFA 52.038£0.447"  49.014+2.196""  52.089+0.639™
W AN SARTE, FoREREE (P<0.05) ; FATKEFEEAR

[, RARERWEE (P<0.0) . R,

MR VAT, 23 AR BR3P AR A SFA PR A

TR N52.038%, 5K P PR B AL B fE ARAL,
B2 R R S SFAZ) B B RR & 2172, KA Ci, &
wiE, HUCNCige 3 ADSEIRA A C 0 FIC 5050 51 d7
SEAAEXS & EI150%FM30% LA 1, FoAdFh S A0 A i ik 75
BIEAG. 52 AMHAR, SRR B A EE AT B2
PG SFAT AN & i, HLPRRE N5.811%, X EEEH
C oo IR Zr B FRACTEL (P<<0.05) ; i Bh AL ¥ [ i
FAIG T C oo RIARNT S8 (P<<0.05) , HAZEEFEC T Chu
HIC . IARXT &8 (P<<0.01) o MR PGB FEXTC .o
AR & BRI EIA R TREZE KT (P<0.01) , TiXtiE
SFAFNH Ath SFAZH 43 FRAHN & =GB W2 (P>0.05)
DA |- 45 SR 350 R P flipt RN 7 Bt B Ak B P A [ R B AR
T L2 A A SFA R L 4021 4 AR A5

R2  APAREGEI AT TR LS RRERIRHRN S &R

Table3 PUFAs contents of dried Hengshan goat meat with
different treatments
%
SRR 7 AT [BesZEER R U A A
€is-6,9,12 p-Cpg.3,6  0.703+0.046™  1.233+0.342*  0.807+£0.113"°
is-9,12 Cignns  4.03610.244%  4.015+0.228*  3.970+0.170"
cis-5,8,11,14 Cy.prs 1.11840.047"  1.57740.349*  1.15740.094*

EPA

cis-8,11,14 Cyg.5,6

0.68540.041"°
0.886+0.060"°

1.16440.320™
1.523+£0.413*

0.776+0.117*°
0.99840.141""

DHA 0.853+£0.045"  1.38940.375"  0.949+0.122*"
JMPUFA 8.281+0.106™ 10.901+1.885"  8.657+0.417"
n-6 PUFA 6.74440.176""  8.3484+1.199™  6.93240.179"°
n-3 PUFA 1.53840.085""  2.55340.694"  1.72540.239""
P/S 0.15940.002"  0.224+0.048"  0.166+£0.010"

M/S 0.763+£0.015*  0.81940.045"  0.75440.014"
n-6/n-3 PUFA  4.39840.359"  3.34440.411""  4.06040.438""

Table2 ~MUFASs contents of dried Hengshan goat meat with different
treatments
%
T ERAN 7 AR F A e b FRAH P AL A
cis-9 Cpyu: 0.579+0.015"° 0.851+0.202*  0.598+0.061"°
cis-9 Cyg: 3.430+0.194™ 3.04640.194"  3.009+0.052*
cis-10 C,., 2.303+0.129™ 2.250+0.207*  2.166+0.033*
cis-9 Cg.: 27.492+0.238"  28.87640.887" 28.319+0.617™"
trans-9 Cyg., 5.87740.573" 5.06340.109"  5.1634+0.374™
JMMUFA 39.6814+0.463"  40.085+0.676™ 39.255+0.260™
BHR2TTH, (A2 (AR A 45 SR AH R, SR FH Rl A

A A B S, TR L SR P TR MUFAZY (5 8 TG 1
FRM40%, HApE&ERFEE NMUFAZcis-9 Cy.,» 4
HEBMUFA S ®I170%, ik Atrans-9 Cig.,» cis-9 Cy.

¥E: P/S. PUFAESFALU{E; M/S. MUFA 5 SFAFILLAR .

HR3T A, KA R S s B A S, T
B L2 R S PUFA 5 i 5 I HE (Rl A 24 20 > o 75 i Ak
B> A ABEARNT . [z AaEasf—%, X
A A A b )5, PUFAT SRR Z AN BN
¢is-9,12 Cgps HWK Neis-5,8,11,14 Cyy.ys FeAPUFAZL
IF 0 B AN B o SR P AR Bl B b 3 T B R 4R
HI2E P eis-6,9,12 9-C gisn cis-5,8,11,14 Cy.yn EPA,
cis-8,11,14 C,.s XDHAMFEX & & (P<0.05) , &
H M PUFA. n-6 PUFAfIn-3 PUFA & & 3 1
(P<<0.05) , 15l 2 A P/SAE ATMY/SAE #B 2 3%
Bin (P<0.05) , R {E{#En-65n-3 PUFA LLAE AR
(P<<0.05) . 7 il 4l Bl A H 06E 1 1) 2 P R S PUFA B
HEA &, PIS. M/S Kn-6/n-3PUFARIME Y T 5. %
oM (P>0.05) o 1% 15 B il B Ak B AT 3 2 50 T i
L2 PR PUFA B 85241 43 () i, 17 7 7 30 A B Ach 2
%o 1) 2 A A PUFA &5 58 76 B S 50

33 #

BERFRTMEERCIEIRNENE, N T IEH
(8 R R R A 0E 7 5, R A 3k AR LA
AV AR N F 1 L5 I SFA. MUFAFIPUFAY!, AT
%E?%‘J*ﬁMﬂéWqﬂﬁ/ﬂﬂtﬂ TCIO:O‘ C12:0\ C13:0\ C14:0\
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Cisiov Cigion C17:0$DC18:0%SFA’ Ciaiis Cigrn C17:1*DC18:1
SEMUFA, BAKCigov Crgisn Copies EPAFIDHAZ5PUFA,
I 5 i ok 2 VOV I 2% ol 2 L PR R R R I SR DL K
FAEUILE Y S0 2 A R AR DI A AR L. TR R
R SFA (5 B B BR 7 B 11952.038%, kT F &2 7T
(1) BB JBR =F P SFA [ AR 75 F (63.16%) 5 \MUFA[)
FAXH & B N39.681%, SHEES R =3 ANy
an PP L =E T MUFA A & 2 AHIE (33.25%. 36.24%
MA1.71%) 5 1S PUFARIAHRT & 8 98.281%, LLFRHE
SR T K 2= 7 3 A M7 R L 2 P R PUFA ) I i 5
2.40% AR 2 o X BT LU 2 o P LAt g o
AN BB S INERREFRME, BA RGNITFR
FIH A

SFAX} NMA B A BER AR, BAEahTEM
SFA %z 5| I 1 25 1 AR ] 5 s AR 3 o, 0 i 2 3 A
T, Cpore T EUHE R & 1) EEE 1, EERS &
S E R E A HEEE Chigh-density lipoprotein cholesterol,
HTD-C) & & (1) [F I 4 & 1AK% B IR 8 U HE RE (low-
density lipoprotein cholesterol, LTD-C) & &,
Cigort E R & B I —ESFA, SERERFE—
SER R, SIS LRI, (kg B Ab EE T L2 PR R
SFA. C 4. fIC o[ AHNT & 8, X AT HE AR BT 4o 5 B Wi
MRS S BOLR A R B, PR A RS B RR P 2R R AR T —
(75 Ak o R 75 8 B Bl Ak B G o) 2 PR R L SFA 2 C .0
Crao EESFAS BEA BB, X5 x| [FH 24U
FE U A BEAE AR i A I T A R, H R B R R T
FERTEART20 CH&AF FHATH, RULES LS, T
FRER SRR R R A R . SR, A AL
FEATFRARC o AN S, 3 40 i DAL A 7 A 3
I, SR A RS A A (R 2 A s S 2 i AR Ak, 35
BRI R (O FRAL R R AR S Rk AR e BT
JEE R A A P B 7 A D 2 A IR R AR B T R 4 6F 3 4y
NE TR ™= A A B TN, 52 B ) v B G T 1 R 1
R, iR m AR XA =Y

— e I CHMUFAST AR R o, JE 8 e B
£ h LMUFA AR B #4- SFA,  1& 2419 ITMUFA (148 N,
B R T BAG M A A", cis-9 Crp B S ER 21
MUFA, L /2MUFA BT RE M) EBREL#E, BAA R
MRG0 R B W SN B PR K I v JIE ] 1 S LDL-C
(IR RO, MUFA S T il B 1 2 v & B K T SFA)
iR, 3 15 28 IR W PRI 0 ) i 58 3 Sty R 4 2 AL
WL EEM RN S S LR R THIER
i B E FIMUFA fcis-9 Cyg.y, 5 Guy S i 7 i °F:
W RARFF— 8 RO AL BB AR & 7 T 2E A
cis-9 Cg FIARRT & 5, H I DRI B xod vil T 1 i S el G
Jig W R AL R R A T — 52 BB Ak

PUFAR LA FEN, —2AMSIMMEKR B
DAL /T N o ) B 1 D S | 3 = @ E A 3
o P A L ) e, SSRGS B RE S, B R TR
) Jik O BE IR B 96 P2, B R R E SR . n-6 1
n-3 R HIPUFAZE 725 F i BN E I RIENIR, H2
PUFAH R IEEWERUS N R EE IR R, WS shs o
AT TIRE, JUH Zn-3 PUFAZENURN BA T 2 14k
PRI R A 24 %8, EPAFIDHALIR JEn-3 & 51JPUFA,
A o T IR AR T 0 I I TSRS PR . R R A
Yo i 25, ey hip-6/n-3 PUFATS & S IEME . AR5 45
HAEEAGYERIR IR B H YRR, M5 E &t
~, n-6 PUFARJSE A —fid &, Min-3 PUFATRARE,
SRV N & Hn-3 PUFARIER N R, B 5 B
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