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Fig.1 DPPH free radical scavenging function of high con-
centration emulsions with different curcumin concen-
trations
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Fig.2 Total antioxidant capacity of high concentration

emulsions with different curcumin concentrations
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Fig.3 Effect on digestion products of high concentration

emulsions with different curcumin concentrations
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Fig.4 Thermal scanning rheological results of emulsified minced meat in different groups
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Tab.1 Cooking loss, water retention and color of different groups of emulsified sausages
21 5 B % PRI/ % L* a* b
C 11.415 +0. 190* 77.84 1. 06" 73.98 +0. 311 1.80 £0. 164 16.15 +0. 12¢
Tl 3.416 £0. 065" 76.05 +1.12° 80. 19 +£0. 49° -3.36 £0.19° 24.71 £0.29°
T2 2.483 +0.084" 75.01 +0. 56" 82.00 +0.75" -6.42 £0. 16" 37.18 £0.65"
T3 1. 459 +0. 019°¢ 74.25 £0.62¢ 83.18 0. 46* -8.36 +£0.62* 44.43 +0.92*
T4 1.323 £0.025° 73.90 +£0.97¢ 83.51 £0.37* -9.14 £0. 12* 45.60 +0.29°

RING 5125225 B2 (P <0.05)

I, FUAR I ()5 BE S B HG 1 i e (B S 2L AR
LR 75% K i FLAk T3 5 T4 A2 9T
BEMEF(P>0.05), o HERWEIIG R
ML, R RT LR BR T C X450, F
MR o " fHI N T8, OF B A LA B A L )
() B FHREEEIIN (0 T3 5 T4 21 2 [ - J0 1o 2=
SE(P>0.05), WHRWLES, ZLAL I L B ok 45 ¥ fa
b {E IR FLALN 1) W5 7 R BUE R SRR FLAR
Mol >, WERARTLAE LAY AR 4 A0 o
P e 5 T A 2L Ak, B R4 T T2 . T3 Z[H]
SR (P>0.05), ZiGkE, ALY AU

HIEReR m AL e S H i T ERRN
HOIRE, AL LT B R, Pk 2 B
A,
2.6 FLLBE RS

AT 2 2R 1 e B LA AL AR R
PERSE ML R ILEE 2, M2 ATA, R R -G
B e R LA i AR AR TR AR A R T
AL 1) 4 AR B IR SE T RS BT T
T2 5X M4 C Z R B EPE 257 (P <0.05),
X T 2 ) SR 24y it 2 LA L A8 0 T v T AR, 2
B R LA AR LA B 509% K LA i, FLAk
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Tab.2 Texture characteristics of different emulsified sausages
25 51 Wi/ g it/ (g-s) G [l 52 Pk MH g/ g
C 4549, 40 +78. 70° -75.15 £2.59* 0.88 +0.02" 0.25 +0.01° 3087.22 £156. 60*
T1 3674.29 +103. 71" -63.50 £3. 19" 0.89 +0. 00" 0.28 +0.01" 2 602. 83 +200. 45"
T2 3834.77 £165. 93" -21.26 +1.61° 0.89 +0.01* 0.30 £0. 00° 2804.18 £187.27"
T3 4056.91 143.67™ -12.14 £ 1. 234 0.90 £0.01* 0.31 +0.011 3420. 02 +203. 54
T4 4881.729 +97. 39 -7.09 0. 82° 0.91 +0.01° 0.320.01° 3898. 66 £109. 57¢

NN FRFRZEF BE(P<0.05),

FORERE [T, B AR RSk e IR i S A
mn B, JIRARE i 3 T 5 R Sk 2 2 8] A I 51 9 T
(Rl 2 BoR bl v B LA MR L B
FrE HAL i B R B B AR RPIRES (P <
0.05) , 3 H1E 100% ALH;, KRR R -7.09,
SN FUA B RE SRSk TR R 46 )5, bR 22728,
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different groups of emulsified sausages

HiIEl 5 vl Bl 7L s v LA AR
LU T s, FLAR R T Ak ™ vh 22 B R 1 & AR
WART: . A e BE LA AR L AT DA 259% 1 i 3]
100% B, I AL Hh 22 18 R B b ML 0. 016 mg/g

HOME T 0. 159 mg/g, LG % IEFLLI T G0
TR AR bR, S AL B AR Ll 75% B i) 2L
Tl Bt MR A= T 232 FE TR T 0. 112 mg/g.
HEWRR-INE S EASEEA Y hEHEDY
ATz FEXT L, O AR W rh 2 s R AT
FZ BEAT T HR T, Ul BB e 45 4 T B 1S 22 B R AE
NRB Y 2

3 & it

e v B LAY AR A L fR 22 B R B DT R AR TS
P A T A W A, B AR T2 2 B
HAURACTERE A=Wl 332 2 55 i A v 22 0 3k
IEMSE, AR - I 20 B 3 p ik Z F LAk
YRR R 1 5 I thl P LA, RE S 5 ke
LA BER SR B e it AR A - FUAL A 58 I v
JE BN, 28 A A, PROR PR R s 5 e TR ek
FLALI Y AR R R A W R, 2R G B IB AT
RS ez e, e BE FLAL R AR L )R 75%
ROAEIE . HERFLAL S Sl W T AR )
LIE: 590 ¥-8 W R a7/00 i e DR IR U P AV VE S
TR, AN T S e B
2P T — 2R LR AR A R BRr g AR [A)
W AR AL BA T — & BT e rfg. A
o, T EERASPERN R, FL PR T 1Y 8
R RERIH OV E 152 b L TR SR A
HURERAGTES

S 30k

(1] ETXR, RS ZER/ERNEEMIIRIER]T].
YOBH Tk, 2019, 22(1) :72 - 74.
WANG Z T,ZHOU R X. Advances in research on physio-
logical functions of curcumin [ J ]. Beverage Industry,

2019,22(1) ;72 - 74.



30 BB R R 2019 49 H

[2] FENG J Y, LIU Z Q. Phenolic and enolic hydroxyl Science,2018, 39(2) .1 -7.
groups in curcumin: which plays the major role in [15] LIY, HUM, DU Y, et al. Control of lipase digestibility
scavenging radicals[ J]. Journal of Agricultural and Food of emulsified lipids by encapsulation within calcium algi-
Chemistry, 2009, 57(22) ;11041 - 11046. nate beads[ J]. Food Hydrocolloids, 2011, 25(1) ;122

[3] ANITA U, CAROLINE G, FELIPE O A, et al. Polymeric - 130.
nanoparticles for increasing oral bioavailability of curcu- [16] JWAERM #hEA ,Z5% 5 KA AT BERES
min[ J]. Antioxidants, 2018, 7(4) .46 — 64. 2R B R E AT ()], é\nu‘ﬁmw,

[4] DAVIDOVPARDO G. L-enriched emulsion-based delivery 2012,28(6) .74 - 79.
systems : influence of pH and temperature on physical and YU HL, XUBC, LLJJ, et al. Pork back fat substitu-
chemical stability [ J]. Food Chemistry, 2016, 196 ted by oil-in-water emulsifier as ingredient influencing
821 —827. quality and sensory of low-fat frankfurters[ J ]. Food &

[5] SHAH B R. HT58 RPN T RUE B2 e ML) Machinery 2012 ,28(6) ;74 -79.

il RAEGEERAB[D]. Rl Ry, (171 Zeflade. 3R E - e v B LA R R ek e e
2015. S b BB S [ D] At B st ROk R

(6] IBAEK. DKFLIMAH LR EYR S EY A% 2013.

FERIBETE[ DL TN SRR AL R, 2016. [18] MOORE V J, SEPHTON S W. Effect of anaerobic

[7] WOLFER T L, ACEVEDO N C, PRUSA K J, et al. Re- chilled storage on the pH, water-holding capacity, emul-
placement of pork fat in frankfurter-type sausages by soy- sifying capacity, and drip of lamb packaged fresh or
bean oil oleogels structured with rice bran wax[ J]. Meat thawed [ J ]. New Zealand Journal of Agricultural
Science, 2018, 145.352 —362. Research, 1989, 32(2).313 -315.

[8] XUYT, TANG C H, LIU T X, et al. Ovalbumin as an [19] UM%, BRI, A5 B, 55, (25 7T FE B b fd SR I A Y
outstanding pickering nanostabilizer for high internal MALT]. & TR ,2009,30(5) :373 -375.
phase emulsions [ J ]. Journal of Agricultural and Food SHI X, CHEN Y, FU Y Y, et al. Application of color
Chemistry, 2018, 66(33) :8795 —8304. difference meter in the quality inspection of food [ J].

(9] XM, Tigde, A&, % 0 KB AR UGS & Science and Technology of Food Industry,2009,30(5) :
BT ()], AT, 2018(1) 40 —44. 373 - 375.

MIN M, DING H'Y, WU X, et al. Study on improving [20] #EdE, T/, WA R, 45 R R LR BRI 5%
the quality of low-fat sausage with hydrophilic colloid[ J]. T 1 R Ak R LA R UK A3 S A g [ )] &

Meat Industry, 2018 (1) ;40 —44. S Tk B ;2014 ,35(4) .96 - 100.
[10] 2%, k¥, & KE,%. @RI L B EE YANG HJ, YUX B, HU Z L, et al. Texture properties
T, Bl 2014, 8(19) .52 —54. and water distribution analysis in emulsion type sausages
LI X, ZHANG L, GAO F H, et al. Exploration of new by different high pressure processing supported by low-
ideas for the development of healthy emulsified sausages field NMR technology [ J]. Science and Technology of

[J]. South China Agriculture, 2014, 8(19) :52 —54. Food Industry,2014,35(4) :96 —100.
(117 T3 3T for 2% 22 2 28 T g e s 1) il 4% 2 1 BEAF 5% [21] DELGADO-PANDO G, COFRADES S, RUIZ-CAPIL-
[D]. T M AERFHL T K24, 2016. LAS C, et al. Low-fat frankfurters formulated with a
[12] SARIT P, MANN B, KUMAR R, et al. Preparation healthier lipid combination as functional ingredient; mi-
and characterization of nanoemulsion encapsulating cur- crostructure, lipid oxidation, nitrite content, microbio-
cumin[ J]. Food Hydrocolloids, 2015, 43:540 —546. logical changes and biogenic amine formation[ J]. Meat

[13] Bist, B (AOMEMARBIRIRSE R, &= 5 Science, 2011, 89(1) :65 -71.

T, 2017(9) :61 —64. [22] MUGUERZA E, FISTA G, ANSORENA D, et al.
CHEN Z,JIA H. The advances of digestion simulation in Effect of fat level and partial replacement of pork backfat
vitro[ J]. Farm Products Processing,2017(9) ;61 —64. with olive oil on processing and quality characteristics of

(147 Wkwestk, 23, BE, % E5 R EMARPIE fermented sausages[ J]. Meat Science, 2002, 61(4):

WA [ 7], Ba Ak, 2018, 39(2) :1 -7.
YAO X L, NIE K, CHEN Y, et al. Effect of complex

interface on lipid digestion in food emulsion[J]. Food

[23]

397 -404.
HYUN-JIN L, EUN-HEE J, SANG-HWA L, et al.

Effect of replacing pork fat with vegetable oils on quality



937 % 550 JrICH . B R R LIRS 4 R 31
properties of emulsion-type pork sausages[J]. Korean [26] FLETCHER D L. Broiler breast meat color variation,
Journal for Food Science of Animal Resources, 2015, 35 pH, and texture[ J]. Poultry Science, 1999, 78 (9) .
(1).:130 - 136. 1323 -2327.

[24] FPTA,BISCHE, FHCEE, 55, B x) & i ZLR R [27] LIN S, HUFF H E, HSIEH F. Texture and chemical
TR ]]. & EBkeE,2000(4) 26 —28. characteristics of soy protein meat analog extruded at
ZHENG W D, YIN W Y, WANG G C, et al. Effects of high moisture[ J]. Journal of Food Science, 2010, 65
additives on the stability of food emulsion[ J]. Food Sci- (2):264 -269.
ence,2000(4) ;26 - 28. [28] GUO Q, BELLISSIMO N, ROUSSEAU D. Role of gel

[25] JACOB G, KARSTEN O, SUSANNE K, et al. Colour structure in controlling in wvitro intestinal lipid digestion
formation in fermented sausages by meat-associated in whey protein emulsion gels[ J]. Food Hydrocolloids,
staphylococci with different nitrite- and nitrate-reductase 2017, 69264 -272.

activities[ J|. Meat Science, 2008, 78(4) :492 —501.

Study on Properties of High Concentration Emulsion Loaded Curcumin
and Its Influence on Quality of Emulsified Sausages

FANG Aihu, WANG Yuexi, YANG Zongyun, XU Xinglian, WANG Peng”
(College of Food Science and Technology/Key Laboratory of Meat Processing and Quality Control,
Ministry of Education, Nanjing Agricultural University, Nanjing 210095, China)

Abstract; Curcumin has strong physiological and pharmacological activities. However, its bioavailability
and application in food industry is limited due to the low solubility in water. In order to improve the bio-
availability of curcumin and exert its antioxidant properties, this study first dissolved curcumin in flaxseed
oil by ultrasound, then prepared high concentration emulsion of curcumin-egg white protein, and finally
used this high concentration emulsion to replace backfat in emulsified sausages. The antioxidant and bio-
acceptability of high concentration emulsion with different concentrations curcumin (800, 900, 1 000,
1100, 1200 mg/L) were measured, and then the backfat in emulsified sausages was replaced by high
concentration emulsion loaded curcumin at different mass fractions (25% , 50% , 75% , 100% ). The
texture and color difference of emulsified sausages were determined. The results showed that curcumin
had the best antioxidant activity and bioacceptability at the concentration of 1 200 mg/L. After replacing
backfat, the brightness and yellowness of emulsified sausages were increased, along with decreasing cook-
ing loss, reducing hardness and increasing elasticity. Considering all the indexes, replacing 75% backfat
with high concentration emulsion loaded curcumin was acceptable. The final amount of backfat in emulsi-
fied sausages was reduced 25% , and the bioavailability of curcumin in oil phase of emulsified sausages

was up to 0. 112 mg/g.

Keywords: curcumin; egg-white protein; emulsion; antioxidant; bioavailability; fat substitutes
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