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Abstract

The solubility of natural curcumin is very limited. In order to improve its application in food, cur-
cumin fortified yogurt (CFY) was prepared. First, the yogurt samples were tested for acidity, pH
value, water-holding capacity, main nutrients, texture attributes and microstructure. Secondly, the
effects of curcumin addition on antioxidant activities, number of lactic acid bacteria and sensory
quality of yogurt samples were studied. Finally, the release profile and bioavailability of curcumin
in CFY were determined by in vitro digestion test. The results show that curcumin addition showed
no significant impact on major physical-chemical properties including acidity, pH value, wa-
ter-holding capacity, major nutrient content, texture attributes as well as its microstructure. Addi-
tionally, CFY showed higher antioxidant activities compared with plain yogurt examined by sever-
al conventional assays and lactobacillus number in CFY sample was not reduced compare with
plain yogurt. But curcumin may decrease flavor and whole acceptability score which requires fur-
ther investigation. At last, vitro digestion test was found that curcumin could be released from CFY
in a controlled manner. It was calculated as 63.90% after in vitro gastric and intestinal digestion
test. As conclusion, CFY could be further developed as a novel yogurt product with high nutritional
value and multiple functional properties.
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ERANKEREERER, AT REERBPIMATE, RITHETZERREL. BN KB
FERBEATIRE . pHIE. #KkM:. EEEFRRS RHRE AR MREHSELER AR LR T
FREAN KRB OTIRE. ARESBULBRE BRI, BERREIMNERBIE TEH
RERBAF BB MEMEDF AR, 4REY, PNERRANREANRE. pHE. Kk, E=E
B  RMMER RN RE B, it ERAAEASEERBAMLRILERL
EMENE, AEAHUNAREEE, EANEERSBERBREINES, FHLRRR KB
TZREE—PHRE. BE, FINEUERRAZHART UDERET ANZ TR KRB P R,
LS ENREREARRE, ZERRNENFIHEN63.90%. MALERER, ERARBARLFE—
P REARAREFRMEMNS D) R R B R BEIL ™ M g BE
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1. 5|8

LHRRNZFAREREZE T BHOSHERREHN A EER, R —MEEREL RS E
BPRE. FHEESEZR ZMH. 2EERETZRREBEBEDZHNTRRZE, £ahEIAhHEGRIMm
PR G IERAEThRE, W T T R, A%, XIREE PO, BRITRPRE]. BRI ERE TR,
LW FEAMBHED G, R RE, b, TWBRURREBRES YR, hAh, ZHFECEAMR
A, RCTE T REME & f RN 249 SIS A )2 i R 2RI [2]

LR A ABSRAGUK R E WSS, SEOIEKER R EMERAK. R0, Ko Thaetk:
£ 0B H KA, BT A2 B R R IR AR A PR 1) T LA KB FR R R B0 o BTN B3 il
R PR VR R XA . S — PR BT B R, DRI AE I R G, BRI,
YUORFLI AR E EYRGUR R AR, VR B0 22 58 22 A 7R YT, 32 FOK IS R VEAIAR g 12 (3] [4] [5]
Hig, NTHIGEIREERS, EHEHERRGMRMRKEAIIEN, SELRKRANREIE &5 b B8
B NTY REERECMHHMHGEE, EERFRN LIS T EARIARATT 2. Kang Pan %5
N T 55 T £ 2 W A RS E AU IR, S RRBEFEAALL, XFPGK IR TE ) 258 20K
TR EYDIE VA R RIE R [6]. AT Z B (RIF 701 3% 603 22 38 R Ue M 9 oK b K K 1 7 23RN
KEHERFR R VES]. SR, B THl&dfEE s, fAR G, EamP AR M EZERNE
ARG, B MTH R AR EE RS SR, RS, Brij Pal Singh 25 AWHEH — A INZEE R T
FUIE KR ECR 7], A FLIEX AR &R (A5 T LUE S Sk A B R 223 2, R rT DO 0.02 % 3k
10 22 B TN N 21 R W 1)K OR8]

REEFAE T B2 VORI LS 2 —, RE IR AR & £ XL, C8iE
THYEER, W, Q4R 2 HALE =Y AL 0 K EFL[9] [10] [11]. FATZ RIS 7 LA H
7%, MG AIHAR YR B R AL T R R BERL[12] [13] [14]. (EXT TS KX KL &,
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K EATESRM T RBEFLIIBT FUR D A G0 & B8 A 5TAT AR 230 AN LA F R HEAT R, BLBRAE
Sentt, AR FOITT 7 E R KA.

FEXTRWEFC A, BATH & 72 R RWEIL, JFIIT T BB AT B AR R, 5K
OB AR R AR, R AT SO SRR A BT AR K AL & iR L ) ek R

2. MR 57
2.1. #%

AR MHDET, 2K DA AT, EREERRE . RINFIEFLA . FFEXN
BokFE: A AL T KA Ywt U Ois ey AR o o 4, etk — D 2L R R (e A

2.2. A&

22.1. EERLEIANEE

KNG RAEZR K IEA W R, SRIEAESEL 12%ME)EA. RE IR A ZH R
WA, HEEREEDTIN0.5%. 0.6%. 0.8%, H JTHG-Q54-P60 HIFIHLIANE 15 /38h. HWREHRE, ¥
TRATRAEEE FE A R AL R 1 /N, TR LB RE RS R 2 /N DU — DV R T 3 . HE AE 85 C NIk AT
ELIROREE 15 4080, FFRER B SR, SEIEEMEN 5% (SY 1 E = ) THMARE, HAR
INFIEFLAT B . PEIEEBRE . BV 4% 1:1:1 HEATHM . R 2 UG 1E 43°C R REE 5 /P . 7R
LR IR, B REEFLRE R 4°C N BT R ABEIT 3L .

2.2.2. BREE, pH FFKMEAINIE

FREE: R R0 e KIEEFLIMER S, (E B dE 777, FH 0.1 mol/L NaOH 1R BEFLFE i,
105% NaOH [ FER, RAKREAMRERNAARA . pH: ERE T, FBBEEEFE MY
5], F pH MR FEALN pH H. FEKME: FREC10 g KEEFLAE M E T E.0EF, H 3000 rpm/min 2.0
15 505, SRJE 5Bk BIEW, MRE. FEREKETEARWT: ®EKE/% = (WI/W2) x 100 [15],
WIS OERER, g W2 AFEREORMER, ¢

223. AERREH

8 GB4789.35-2016 BEATHEII[16].

7E MRS BEfig 57t bR SRR AT R DRI A I ZLAT 3, 7EIRERE MR T 45C £ 1CRE3%
72+ 2 /NBFs 7E M7 85350k EFRE SR AR BB AT Mg AR B, BRI FRM P T 37°C £ 1°CHE
77 48 + 2 /INIF; £E MRS-raffinose 35 77 FIAE it W BV U A Br W 75 5 WUBOMP B, 72 37°C + 1°C R AE PRAERE
FEFA R EEFR 72 £ 2 /NI TEREFRAE S, X SRR IR LY B YA BAL(CFU) 2 AT T4

224. ERRRENE

W— R KRR, 5T 24 /N fERE R A0 N A QBT 10 R BEFL R I 3 R
RIHR, BB E R BUA a0 R I S . IR E ARG RE T BI Z8, IRAE UV-vis 70t
JEEETE BAE 420 nm FASIN O GRE . ARYEbRE 22 58 3R SRR AR 2R T B B R IR

2.2.5. TEEFHONE
WRHE AOAC Jrikitfise EECE TRy, WK, Ko, &AM, RSB ALEY)EE12].

2.2.6. HMLE
TEME Y22 B TS R R ALl R L O g5 4, R | A — A ml SR A ek K
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H4a4% 100, 200, 400 JBOKHIEF . MRBEAFEMGETIFHE S, FEUE, AEHBME T EM
% SEM (JSM-6490LV, JEOL, Japan) bW 8¢ H B 45 M 17].

2.2.7. Bt RS
KH TA-XTPlus JFAAX, X 228 3 R 7RIS R BEFL I T, T8 (g), B (g/sec), B ME(g)fl
P H(g/sec) BEATINSE 18] .

2.2.8. MENTEMENE
HRAE 2 A A S288 59 19] [20], @i DPPH, ABTS, FRAP Al OH F Hi 35 b i o2 v 0 1 i & 3L
AR R I PUA LTS

2.2.9. REVHME

N EH G LB RARUEE IR/ N, 2RI, i, XU R 52 B T A T T
M EHBERBEAT D BEREF ST | RRIEFEATNESL, 2~4 RRATTEHEZ- VP A HZ, 5~9
FoRT - AEE B, 10 RondEE Iz .

2.2.10. EEERREZEBAPERZERNIHEMEYFIAR

FRAE AT 2 Wi I 72 7325, FEASLAUL 15 VR (SGF) RIS A0 L (STF) Hh il 7 22 3 3 e L 7 1R 22 2 R IR RE TR
HHZE[3] [5]- ¥ 2.0 gNaCl, 7.0 mL HCI (36% w/w), 10 mg ¥ B & B 1 g i35 80 ¥ E(E 1 L Z&1f/KH
4% SGF, ¥ pHEWMTTE 1.2 /5, ¥— /N5 @) Z s R A IS /NS, 1 H A A 50 mL i
E| 37°CH) SGF. ¥&H SGF MBI EEFE 216 37°CAI 120 rpm R HIKB#AFIRTE 2 /M. £ HH
BB S G, H NayCOs WO A pH AE T2 7.00 KRR AR FHVH S 73 0 BA 4 /L 1
25 g/L VR BEVART PBS 7.5 W kil & SIF, SR S 16 B VE AL oI SIF s iE i, K
IH7E 37°C A 120 rpm IR KI/KBHERE 2 /N TEIR B SEHIG, 7 BRSSO i e e 21 20
B, JFLL 4500 rppm B0 10 280 LB ISR, RSN OGEE TE b AR I 22 2 R IR B

LR R P Zm R EF AR EOERINE G 2B R S HRR T EZ M R KA ZEE
RORMERL.

3. R MiTie
3.1. ZREAEBIANRS L

BT 22 38 AT KRR (VA PR AR TG, B DA HL /K 1 S 4 b 7 FH 2538 K TRl e 61 9k
HEASMEEEANR, HPREAMAGESERS . IS, ZEEEEKIEHSE SRS
RARE Y, KIS EHKIETE[6] [8]. 7EIX B, FA TV G R o 10 8 5 o LR Z R RN E 5,
DAL e ] FH T 4 2 B R R I L o

S LR SE, JATIA T 23 BRI AL H &2 R BRI & A2 R 78 100 mL 287K
IR 12 g Wk (RN 0ks: BRI R B LA 5:1)A1 0.5%~0.8% £ E R GE TPk EE), BAEAHE 1)
B, BEIBEEE 2 /N KR RAE 2 R R AP AT RIE R 22 3 R . R RS 7R 4 v 4
WA FONEHRRERMEOMIATEEO D TEA, R AR AR I 7 25 08 AR FLIE R b v
fift o

LERRKBEA RIS, B NRE O HAZERNRMAR. FEDIEERSEER | b, FEk
FEFL A2 3 R pH EMBRE R A BEZES, XEWHERINZE S ZA KB R N K
FUIRI IR B A7 B R PR L I PR LB AR AR [21], R T R EEALP A NIRIN & & . TERBEALKIE S NG, K
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W FLA) pH (M PR 2 4.35 [22] FKVE R 7R BEFLI R K RE DA SRR . 2530580, 23R
RIEFLHIFEAK AR, HEFARE . RIS R, Ef] & AR AU ] DU A a8, i T e g
U R T ARG N, T LASE A B FLAOHE K BE 1[23]. (H T2 R SIE A ML R A AR, XAThE
SRR WL R AR RKRE ST SIS N A AL S IR O M S R 138 2 e AR,
ININZEBEN pH {H, BRIE, FK M EEE IR oM AR AR, 1l B 2 30 3 R e L AN it 1 7L
HLE, BRI B E 5

Table 1. Major physical property of CFY and plain yogurt
= 1. RNEZEERFRFMESELBEFL AR R

EERIBINE Y% pH & % (/100 g) FFK 1 (mL/100 g)
0 433+0.14 0.81 +£0.01 55.57 +5.54
0.5 421+0.11™ 0.86 = 0.03™ 5134 +7.51™
0.6 4.16 +0.05 0.88 +0.03 53.37+7.94
0.8 426+ 0.07 0.86 +0.02 51.76 + 6.86

e ns FoR Al — B BT B 2E

Table 2. Nutritional parameters of CFY and plain yogurt
#2 TRIZEAZRMEFELABANEIEEFTAS

LIRISINES% FIRE/ % By & 8% EEBEE% MEBE R BRI EYE %
0 69.82 +0.87 0.39+0.05 4.20+0.33 5.50+0.68 20.09 = 1.49
0.5 68.86 = 1.21™ 0.43 +0.03™ 426+021™ 5.52+0.57" 20.35 £ 1.09™
0.6 68.31+ 1.45 0.44 +0.02 4.04£035 5.53+0.63 21.68 £2.33
0.8 68.53 £2.04 0.47 +0.06 4.10 £0.09 573+031 2117 £2.54

e ns FoREFIh A BE E R

32. ZERRESENMEHSE

LRI RS, ERANER R AR B SR A R . Bl Z RS AE ALK
HEMAMTHEREER, (HEPRERNERFIALZ . RS GG, 7] LATE LI R
FIZERVUE. HRMEG, WERBI ML R REMAEREIT, X520 R —824]. ERBEAK
FEHAR], pH EFEAR, 10223 RAEMR VAR P A AR P B, DRI FRAT T4 00 LR B R B T AR 22 R S
FLE ALK YN SIER, HXMFEELE S IEN. % 3 2RBAMZEHRRBANEZER
SEMATSESR. EWRRRBEAMETZIKEE 025 £ 0.30 mg/g Z[A], X = ME [T BLAK BT
FRIERR T 20 40% % 50% £ =, £HE - EAREEWILER 2.06~2.67 mg/g, MAE 0.5%Z 0 3= K%
FLPZE R MBI E SR . Nk, 7ERE S AR I P i 3% 2535 3R I 7L(0.5%) i — 2B i 7t .
it 2 1 AN FLIE B 1 n] LALAAR [R] D7 205 22 38 M AR FH DA s LIS AR S, (Bl TR 728 R, Sk
RFMGE A LR HAFE8] [25]0 thab, FUEEETER IR FE 0 KR = A A K, 40 R AT R B 45 5 B R
Mt R, S DI HAE R L A AR [26]

W EATR, FERBREKERE P AR IRNAMRE, XEEMPRMBHRN —KEG. ERT
() — TR 5E, 3R MK N 0.39 +0.05 pg/mL [27]. SR SFAEAALL, 82 KRB 03 RIRE
P RARZETE IR = 650 £, IX R B R e 3L v] LA O B2 i 22 B R VA R
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Table 3. Curcumin content and total phenol content of CFY and plain yogurt
RI3 FTEEERTIMEFIELBINEZRRNEHOE

EWRININE Y% W HE TR (mg/g) FHME(%) E A% A (mg/g) S (mg/g)
0 - - - 0.19 £ 0.05°
0.5 0.26 + 0.04™ 52.0 + 0.94° 2.17+0.13" 0.48 + 0.08"
0.6 0.25+0.05 417137 2.08 +0.09° 0.45 + 0.06"
0.8 0.31 +0.03 38.8+2.69° 2.67+0.07° 0.44+0.11°

W EEBEITRAEMLZE Y = 0.1645%X — 0.0158, 1*=0.9999 1155, Hrf X AARLEEEIKRIE (ppm), Y 0K 419 nm KRR, M AL
FRAEML Y = 0.0089*X + 0.0714, 1*=0.998 i+5; ns FRFA—FIHEGEELER, RAFIFRARRRERSE

3.3. MG

M T2 R B R SR SE N, W DA R TR AT, 2 R B SL O aE Mt &) 1 AA] 2 f
o ARG T TEOK 100, 200 A1 400 15U EE L R BoR, 8B AR M2 R AR, A
I R RO B RAR A, XA AT il P A5 R B(28]. HIRATLAE L, IR KR M E Rk
W, HENIL SR E AP RAM LM, EEUD 7 E0eE BUIRES AR . @i 2 sl SEM
G AR T IX— g, 8 I LA 252 3 R I L P15 I B AN I R 1 SRR AR S %5

Figure 1. Microstructure of CFY (100x%, 200x%, 400x)
1. EERLBEIHMMEI(100x, 200%. 400%)

Figure 2. SEM of CFY (1000%, 2300x)
2. ZEREREILAEFEFME(1000x, 2300x)
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AR ZE R SEM IR R R 23Rl W Oy K IOBCIREEIR, FRSF2908 30 pm [29]. 4,
LHRREAAE TRHRAMA DAL ERE, KZHTHHRS 86 [8]. HFAETREMARER,
LHFEAMCBAA RS IR, 1 H BB RPTAAER AR R, RSLE N st e, BA 1wt
T T L HER R PURANE, R 2o A e 3 BRI AT

3.4. B

L FR SR R B P A L R SR04 PR . 223 3R B LRI 38 i 19 7L BA AR Bh e Al
B, BRPEATRE SR, (HE A I L ARG VTR S0 T 2 s ORI R . 2B 3R AL I B BE AR A2 th
AL L ZERR MG — T, EAMPE IS S S R R AL T, RER
D T IR R I SR A TR, DRI R TR AR A

Table 4. Texture properties of CFY and plain yogurt
F 4. ERRLFZ0.5%)MMEBELEANRMMER

W RININE % % (2) H P (g/sec) R () MR H(g/sec)
0 105.07 £5.37" 1804.70 + 126.89™ -36.17 £ 6.86™ —377.92 +£33.58"
0.5 100.38 £4.67 1676.46 +77.82 -53.01 £8.31 —68.34+1.13°

e ons FoRFE SR REER, R THARRERLE.

3.5. fEiLaE

SR B R RIS TR RWEA 026~0.31 mg/mL EEKN, HEKFEEER. HEEERAE
LR GPRIE RN 0.5%0 5900 o 8 115 456 80K e, AT DAL 0.5% )22 3 2R BELI e Hobt
Atk

I PURE T VR VRS R B FLIPUAILYE, AL 45 DPPH, ABTS, FRAP fl OH H HFEEMRREK, 45
RanlE 3 FoR, Yl R EEALE A LRI BoR R PTE B 1. TEREEME, (A E AN EE
FS4 T s R 1R 7L 97 K A R LA S B RS PR SRR [30] . 2R REEALN DPPH H HAEEFREE
5 R T FLR AL, DR R R B LA 3 s R 90%) DPPH H HEERRZ . /£ ABTS, FRAP
HOH V&R RS T, HTZEHF S —FoRbra bR, FibZEem &= kAR H P eae 7. Hi
BATATCAE H, WINZE RS T RBEAUE R

100, EB Plainyogurt EZ3 CFY (0.5%)

2] =2}
o o
1 1

Antioxidant ability
H
o
L

204

DPPH ABTS FRAP OH

Figure 3. Antioxidant ability of CFY (0.5%) and plain yogurt
Bl 3. ZEFRLABEIL0.5%)MEBLBEILAIME LY
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3.6. AREHE

W5E 7 AR EE 25 R E 4 Fos SEART U, FATTEH Anaero Pack S FLEE B 1 77 52 i R AA A BR
L3 i TP LR 22 B 2 R I L I TR T T SR SR T AE AR o AN SR 0T DA H VAR 22 30 3 0 W8 FAVRE BR 1A
PROMANEZAT B 755 S B AR KBRS . ik T, ROyZE 02 n] B 3 = S AR 1
KIGFEBE, /N4 98 I 7R AR 1R RN 40 €007 28] BR T8 S0 SR AR TR 2B K, (BN B DB B, DU 1
BB B A1 AL R AT T 45 2 2 B G A F [31] [32]0 BT AZE S 3R B SR B AR W ot mT DA 2 i I L
)22 4 e HLAB AT IR], R BAS 2506 e ek A2 7= A A TR R o

E3 Plain yogurt EZ3 CFY (0.5%)

Bacteria Count (log cfu/mL)

L. delbrueckii S. thermophilus B. adolescentis

Figure 4. Bacteria count of CFY (0.5%) and plain yogurt
4. ERRLBI05%MEBLABEINIRESE

3.7. REmR

WETCHARIESNAL, i, R A R 45 52 JRE VP4 A I LA 22 S SR R IR L I BB D o 4 SRR T
K5 B, R KIEFLIANIUR B 5 3 8 A e AL AR AN B B3 22 57 . R R KAt
KONT PR AR, K, R KBEALRIINPE 06 Tl BERL  I IR KA
JUF-5AT 52 BT A2 54 3R A It L 1 J SR P 55 0 A e L P B R PR AR B ol 223 30T DLSE i s
FERCE PP 6 P RAS I R RURL R B BRI . ARTIT, SRR B ALA — AT R AR BRI RIE, X
R 22 B R I FLAE B VP MR AT 1 52 A7 A5 0 BRI SR R o BRI — e, A5 N3 T PG
MR R LI R U R NN IRAGWRIE(33]. 3 4, ARSI 1 ShREVEAS RIS 5 A B L Qs in s
FOBREAN LLAZ AR (0 A B 7L, A0 [RDASE IS JE XU R AR 12] [13] [34]

107 E3 Plain yogurt E=3 CFY (0.5%)

Sensory scores

Appearance Texture Flavor Acceptablity

Figure 5. Sensory scores of CFY (0.5%) and plain yogurt
B 5. ERFRAEA(0.5%MERLBEIANXEITN
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3.8. ERRNBHEZMEMFIAR

FEARSN B AR HACRAT T, Kok B 2 E AR AL T MR R KB 2. 85R W 6 Prox, %
FEE AT ACLGRE 7 SR R . A2 B W ALEY BE 4K 90 7085 2 B B OA PP ARIRAS . 72 B ALk
BUERE, RHEE KWL L) 37.25% L RERE B A . HImiEH T aamy, B ROE 2
FEIIFIE R IR A EIL) 60%. (EMIEH A AT, £ 63.90% 1)L R PR ILENH L h . 7 IETH
e, BRAR W S R A B DR T R R KA B A AR AR, PR T 2 R AR OE
FEo J3hb, MRANEALE, AEREALA A AR AT LA B 50 AR AL B R B LR Fr . DRISORAR A
LR AP RI BT A b o AR WA R s 9 e 58 U i AL 5, B B A b

MEMREEHERKBAPLEE RSB R, BERMLER KA REDF I E N 63.90%.

801
S
g, 60+
8
o
S 40-
5
%
g 20+
2

0 L] L L] L] L)
0 50 100 150 200 250

Time (min)

Figure 6. Release percentage of CFY (0.5%) and plain yogurt
B 6. EERAEA(0.5%)MERRRMEhL

4. &g

IR, EVETE YRR, EF R, OIS RA 2R e @ENIIRE. Hl T
FEAG, AR PEZ ARG, BHEAAET 2 SBRURAAEMA AR N7 BRI L R AR
BT IhREE R b, @ BT R G IS RS R G B R B . AR T, AR BRI PN £
Ry IFAEM R RESLN L E A BT, RIS T 2 RS A E A R IF BARSME LR
UEWI 2T AT LSRR T ORI R AT DA W 3 ORI AE R T R W T IRCE PR AT, R AMAA
—BRREZGIR, IR FOR I FLAE R R AR 12 52 VR T TS /0 AR F 2SR A PRI, fE R SRR T,
A DA 9K FLIRAF 90K 08 18 R GOR W FIHE o 2 B XK, IR R 2 B R FL IR A 5T

EHEWmHE

SR R F RS L IR B2 4, JZ2016HGBZ0747.

SEEk
(11 EZRZMEG . b NRICNIEZ 3 FM]. dbst: o B 2R i, 2010.
[2] IRME WATER, EARSE. ZHWERKIEMRIG]. W EZ AR, 2000(24): 61-65.

[3] Li, J., Hwang, I.C., Chen, X. and Park, H.J. (2016) Effects of Chitosan Coating on Curcumin Loaded Nano-Emulsion:
Study on Stability and in Vitro Digestibility. Food Hydrocolloids, 60, 138-147.
https://doi.org/10.1016/j.foodhyd.2016.03.016
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