Hans Journal of Food and Nutrition Science & 55 75R}12, 2025, 14(3), 371-383 Hans X
Published Online May 2025 in Hans. https://www.hanspub.org/journal/hjfns
https://doi.org/10.12677/hifns.2025.143042

RERREHPRARLIEENRBRENTZH &
RHENABMR

AR, FHRR, BEE, BER, &£ Kk
WM FEBH BT, Wi B8

Woks H . 202544 7H: FHBEM: 20254F5H8H; KA HM: 20254F5H16H

HE

KBRREFHRBRAGCKET SMEYFEMTIRE, FEREALSRGRNA TRk, AR
PR IMBIERBCK R R E P RRRALER, ELRERRR, RARDFIFIRE. KBRS BB
MZBERPRRECH . BRBRAIpHE . PBIRIIIR . HkRBUR A A E R AR RBR KW .
FEER b, 8 B E RBUK R RREF RRAGRNRELZ, HE—PHRTRNERN
FaEtE. BIRSRERY: 50%H ZERE. 1:40 KRR RN Z BRI . 480 WHIRRRE
ThE. 50 sHIBAREUT ], 5.0 B RERpHEANRMRR TES M. AR ERERE N THRL
FEN1.791. B, ERASINERIRFIAEH RN KRR B P RRA AR IR BT BURR . a0
AEREHNRDBEILEERRY, BEPMRRLORTURBRIVBERE. &L, ABITH
TRKAERREFRBEA R EAA AT, FRETHLMAR, ANARRCRBANIEGREER
R TV B SEBRBEE T R A

XK ia
BRI, KR, ek, BRY

Research on the Optimization of Microwave
Extraction Process of Natural Red

Pigment from Pitaya Peel and

Its Application

Chenghao Jin*, Xinling Dong®, Zhixin Tang*, Jiawen Lan, Yong Du
Jiyang College of Zhejiang A&F University, Zhuji Zhejiang

A (=
AR

XESIH: SRmE, HKR, BRE, BRI MK KORRE R P RO R MR IR T 200 & B A ).
TS5 E A, 2025, 14(3): 371-383. DOI: 10.12677/hjfns.2025.143042


https://www.hanspub.org/journal/hjfns
https://doi.org/10.12677/hjfns.2025.143042
https://doi.org/10.12677/hjfns.2025.143042
https://www.hanspub.org/

Bk, ERR G

Received: Apr. 7, 2025; accepted: May 8", 2025; published: May 16, 2025

Abstract

The natural red pigment in the peel of pitaya fruits possesses various biological activities and func-
tions, and it is expected to replace synthetic pigments and be applied in the food industry. This pa-
per extracted the natural red pigment from the pitaya peel by microwave heating. Through single-
factor experiments, the effects of five factors, namely the concentration of the extraction agent, the
ratio of pitaya outer skin powder to ethanol, the pH value of the pigment solution, the microwave
extraction power, and the microwave extraction time, on the pigment extraction effect were stud-
ied. On this basis, the optimal extraction process of the natural red pigment from pitaya peel was
determined by orthogonal optimization, and the stability of the extracted pigment was investigated.
The research results showed that the optimal extraction process parameters were 50% ethanol
concentration, 1:40 ratio of pitaya outer skin powder to ethanol, 480 W microwave extraction power,
50 s microwave extraction time, and 5.0 pH value of the pigment solution. At this time, the average
absorbance value of the pigment extraction solution was 1.791. In addition, the addition of acid and
sweeteners in appropriate amounts had a certain impact on the stability of the natural red pigment
in pitaya peel. The sensory evaluation results of yogurt after adding red pigment showed that the
addition of natural red pigment in appropriate amounts can improve the sensory quality of yogurt.
In summary, this study has opened up a new field for the high-value utilization of pitaya peel re-
sources and has a prospect for its industrial application. At the same time, it has laid a theoretical
foundation for the practice of replacing synthetic pigments with natural pigments in the food indus-

try.
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1. 5|

KJe R (Hylocereus undatus), XARZLER, J& T N ERFRGEGH LA ACR, BA 5 Ka HAMEL]-
[3], EHET"PE. 7R R ARESEMX 23], BhAh, KORRAR R EE TRNME, BEEAR
SRR ARSI S RICR AR, ZHEMITE RICRAR T 10 5 UEM4], KRR R E A
atals], HORNOETZRFETRABLOR6]. KERETFOEHHARAEER, HPiRaxA
AHAA . PURAE. TR AABIVEIG T RS RIS DO REL7], AT DM IR IRE G T i . 280, H
IS Tk he SR R BRI IR FE AT PR B8], AR I A BAT | R T A i 5% (K 8 b SR A R R e 78 20 R AT

H AT FEN BSOS KO R P B S LL R ML R IO B AR U T 2T e, 24 E T2
SEITI, AURHRHCK R P RARLA G TZMASEFO]. OFFRGREY, KRR ORI EE
EARBGE . B RS IIE. MdR UL, B A CO, $REGE LUK B B SR GAIX TR [10]. F R R 5F
(L1 1V BGEAR KR R R AL R I B R 2N LRI 40%. pH = 4. $2HGEZ Y 30°C.
BRBEE DY 1:8, $R% 30 min. JAFISEMUE A AR R SRS & ZORAR. Z2f0E MR, (HilH R
R 75 ZE B A AL BRI 8] H P2 HORA, Bk, iR m ORI R BRI IR BT &
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AL o Pl SR O B AT SRR (IR SRIURAIG . $RHCR e RS AFIL si[11]. i, Ay
(12735 IEAZ B B A B OO R R AL BRI 4 DIRIR AT, RA/RRILTESH
IR EE 1:40, $RHUN A 80's, LEEAAFSrEL 40%, K= 300 W

PR W — o o o 24 L0 e vl K T K L S LR T A I A ) — R B R L R [13], A EE
FE FROMEAThRERFE, R AATH & AEF AR b+ BRI E TR M fh[14]. IR, BEERRIAR
CLR ARG KPR, T 9 COA R L T S0IR Y, T8 T U £ H Al B A ARy KUk Bl 8 R4
fEMRRYy. Kk, RIRCRIEAWEBE AR AR, JLAERRYYH 5 WA 3 1 MRS 2423 . Hs
KRR BTN R B E OFIN TR AR EAT WO s, 280k, At
SR P A PR 2R A 6 R I A s e v 1 S v AR B I SR B o AR R I e T 24T R TE . Il
TEREGRIRIE . KORIAM O AR C BRI RRRAC LG . EL 3R pH fE . RO FRETh 2 SRR EU 7] .
AMEER, ML ERRR T ZIRAEMRABOR . FIR, SRRBRRFIAIER D KRR R b RARZL
AAEVERRZN, JFEI R E I R R OER R A R A NIR Yy & b G AT, s R
CRAERR Y (1 B B BB IR K T

2. MBSRE
2.1, MREUE

2R A KR (B R DB RAT), KRR A, Rty — HIEW . BRI
BYERETRBHARAR), — BB Sk RIS A BR A 7). a9 52k A el 4
Bt A IR AR, BEEGERTR AR & TEARAR), ARE(ZRBET YRR ERAR), B
BHYW T 23T .

95% £ %, —AATIRIR (B 25 SR B A uGRIA IR AR, AFERIRECRA LRI W) ), LSRR
(AT P 0 R B A R BR A7) B A A GRS e A 2

& AT RA (L FER S A IR A R BEIr ¥ ), i R (e a5 (A IR A RD),
PRI (ks AP g AT R A7), TDSG 3 2UARIE B8 CoAL G R I DGRBS AT R AT IR A A, 55k
OO eI (_LHE) XA IR A7), BHEHLOK T 82 TEUH R A R]), PHS-3C &Y pH i (¥ 5
AR AT

2.2. WBFE

221 RERRRLA GREIRE

WP E RO B KRR, KRR RE, LBRERA. G, BRENRRAREH, Kk
RREAEKELE TS, EBRRERHRRARAFDT, BTBRTEM DT 60CIHERE F T 150, %
KT TG R A JE A M E =R, (BN O R R B A AR, BN R A
Hasd g . MERFREL 0.5 g KSR J TR B T 28 88 200 mL 4, DL BEE A FRBGRIFRBUK
TR B AR P L R . AT BR AR IR A R T (0 I pH R B AR [ S 2R R i
FUINAT [A] N HERER, A B OLES A 5000 rminty S5O 5 min, 75 E06E ZRI0N, TR B
FHIE 540 nm AL ERE, BRI = PATIREE, DU S0 BE PP 20 B R I H A [15]

2.2.2. RMXARL ARNEBRIFIERE

R ARIOR LB R 20 45 TS H i L2007 IR, 255 GB 2760-2024 (& s f A F b
) HHIEER A AR KNI EM KRR R R BN INE. I 2mL KRR EaERNRIUEE T
50 mL &I, ABKERI ARG E RS 22 mL, BE 5 mL i\ #] 500 mL 4 fEEEFFL 4,
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IGE RTINS, TERTHIHTE 36 CHRM NIHTH KK, B IRREER Ry 15h; KB5S R
A EE R IREE N, B 10:1 DN A R EEAS G F IR I HEAT SR S UOR R, BEUCR BERS TA] D 10 h,
BV A] 43 21 R ER T
2.2.3. BEARNE

PAK IR SRS By KR ZBE RN TG e SR BRI The . Rl SRR B [ L 4R E0GR) SRR & L
IR pH AN A AR R, IR R RS A E 8 MAFE IR FR KL 1) [16].

Table 1. Single-factor experiment

=1 BEERER

\ R
RS \
FREHQML)  ZBEKEEGE)  BOETIEW) SRERI 71 ) pH i
1 1:10 20 80 10 2
2 1:15 30 160 20 3
3 1:25 35 240 25 4
4 1:30 40 320 30 5
5 1:40 45 400 40 6
6 1:50 50 480 45 7
7 1:55 65 560 50 8
8 1:60 70 640 60 9

(1) PRI I B oF K e SR B 41 € 3R AR B (1 B i

I3 WIFREL 0.5 g KRS B AR T 200 mL HETE i, DL 8 ZUAN AR BE ¥ Ll (R 20%. 30%. 35%.
40%. 45%. 50%. 65%. 70%)NAFE, [HE K RAM R AR AN ZBERDEHERC L A 1:40 g/mL. EEVE T
pH {H°4 6.0 RAREUII T Z N 320 W TSR EC IR (]2 40 s, SR FH At B B S B O SR B2 R )R
AR FFERERAHEEC, T E.ONLIFE )y 5000 r/imin, B0 2N 5 min, 73263205 R
MPEEU . B R PEHOR ) LI 2 540 nm AR 6 FE H e mil P2 I, ARIET L B 44k, E PR
HEOEERE .

(2) BHE LT K JE Je 21t AR IR 1 R

Y HIFREL 0.5 9 KIBHAN A AR T 200 mL IHETE A, DL 8 AN [ 1 K SR A1 Bz ¥y A AN B LR e
FE(ED 1:10. 1:15. 1:25. 1:30. 1:40. 1:50. 1:55. 1:60 g/mL)A7AFE, [H @ HEHGH Z B E N 50%. (0%
TS pH BN 6.0 S FREKI Th AN 320 W Tl BEHR VI (8] 4 40 s, R FH fluist SR B2 B KO SR 2
RN E, FFORFBAHNEEC, WHITEOHLEHEE Y 5000 r/min, B0 E 5 min, 732
FUEM AR IOR o« It R U _E I 2 540 nm AL TR AT 2R I, MR T 4R IR i 2k AR Ak,
e A 1 KO SR R B R R N LB R C LG o

(3) EAFRVEWIN pH (X KO IR B 41 8 R AR B 1) 2

S AIFREL 0.5 g K HAM Bk AT 200 mL HEFEHM A, LA 8 AUANRI I € 3RV pH fE(RP 2.04 3.0, 4.0,
5.0. 6.0. 7.0, 8.0, 9.0~ &, [HE KIERIME K AR CEEREREECEE N 1:40 g/mL. $2EU L BEH
N 50%. T ERELIThEE N 320 W B FREL IR (5] 40 s, SRR S BUE SR B O R Bz i 1) R AR 4L
R, FFOREBAHEE L, TN E A 5000 r/imin, B0 EA 5 min, 1536 FRER T
WU o B AR IBORU B 7B VR E 540 nm AL IWROG B R 2l T 4], AR AE 2 B ih 38k, )
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ERIE pH fE

(YRS CIESS P @& I SANER S/ & Sih) -2

43 BIFREL 0.5 g KB SRAN R T 200 mL 4R, L 8 AR SR B Sh 2 () 80, 160. 240.
320. 400, 480. 560. 640 W) AArE:, [EE Kl KA A RN CBEPPERRBC L 1:40 g/mL. $2HUH] B
WFE Y 50%. (L2 IEN pH BN 6.04 S BEEUIII 18] N 40 s RISRME TR, SRR SR B R Bk I 51
RN ER, FORFRAHEEC, TR E Jy 5000 r/min. B0 E Y 5 min, 133
HURTREEOR . B ZHE IR 0 FIE N 5E 540 nm AL FIWOGEE . HRHRIROG AL A, R I
BARECTh 2

ORCGAMERP Y2 AR A EShAl)

SrBIFREL 0.5 g KIBFAM B AR F 200 mL HEFEIR A, DL 8 ZAN Al S IR 1B] (104 20 25, 30
40, 45, 50, 60 s)NAFR, & HEEG L EEHEE N 50%. Kl F A0 B Ky AR AN 2 (RN B A 1:40 g/mLs
RIRN pH ERN 6.0 T FREUNThE A 320 W, SR SR BUEIRICK R R B I KRRt R, 1§
CEIERA NG L, P B ORI H5E A 5000 r/min. S50 84 5 min, 53] 4R IERAIRBOK . B
IR LIEWN E 540 nm AR GRS o ARAEIR G FE AR 3R, 5B A R R BRI 8] o

2.2.4. EXZRLE

K B DR 2RI BT DL SRR B S KO R AR R AR C BER BRI C e G2 pH B Sl 3R
TN i B BT ] A8 B s B R 3K, dd B R 330 A5t AR & b & IR R KT L, A
TR RIUC T O BN PR 4R AR, 78 5 R e 25 R Rl BT L16(45) 1E 281k, BEARD 27K I
* 2.

Table 2. Factor-level table of L16(45) orthogonal experiment
Fz 2. L16(45) EXX A E R TR

FIFN
AT , : s P
LB L% EH EE (9/mL) pH i T IW TS [/
1 45 1:30 5 400 45
2 50 1:40 6 480 50
3 65 1:50 7 560 60
4 70 1:55 8 640 70

2.2.5. BRRRFIX & R EMERF N

HER R UK R R AL R R U 1 mL, BT VISR R — B b, A 3 mL 281K
B, WR5N L 2, 3, 40 RIIIAEFALL 4%, 6%. 8%. 10%MFTHERRFIERER, (REFHGQE . 7E%
BT ETHEAEE 15h, LA Ee B R 52T . W% 0 R AT P47 58 I £ 540 nm K
TIE R AR EE[11].

2.2.6. FHEFINEREBEMRFIT

HERA B KO SRR AT (R IR HGR 1 mL, BT AR BT o, i 3 mL Z& 18K
WiBe, FRS AL, 2, 3, 4o HHIIIAAETREL )y 4%, 6%. 8%. 1096HREREFIGE 205, (REEfE. 1EH
BAME T ETHEABE 150, LAB7 k6B (R IR m . X2 (0 R IE AT AT IR 38 I E 540 nm K
TN B R RO E[15] .
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22.7. BRPIREBITE

Table 3. Sensory evaluation criteria of yogurt after pigment addition

=3 AMERENRNBRETERE

1 (9~7)

Bur(6~4)

#(3~0)

H#RT SRR AE, &

BRIy SAEERAAE, &

HHRY ALY, RIH

O AT S s R VDT 1

ol AP et 0 T PO LA 2

2 /= BE A B S LA

& AR R R & R %&%é“jﬁﬁﬂﬁki“

B, B B IR, B e

O %M&g,ﬁ&ﬁm@ A ﬁm%i%ﬁﬁﬁﬁﬁ R
e BOEEE, TR BIE L

s OSSR, maiE 0T KIS B i g, mns

A, TR R R

BRAE 5

A RO, R i

i 5 APHEN RALEPFE /ML, PR IR P ORIE R A 2 . IR E M A UE B, REPREA
SRR . BE VR N R DESE A 758 e AR B M B, RO B R e HE R I A
FIRE 2SR VR AT N IRV AR I (it /1 AR TSI A N PErsit, JEo
MBL=ANEER, WAL 3[17], T A IR 0 A RS 5

2.3. BiEsbE

A RIE M = VO AT RS, DAL= IR E /R NS R, 45 A Origin 2021 (OriginLab, USA) % {42 il
Zivt &, 8 SPSS 20.0 #1t:(SPSS Inc., Chicago, IL, USA)MEAT S35 M40 0T 5 2 Hiss .

3. GREHH
3.1 FRIBERMNKERNERELT & RIZMEAIRM
3.1.1. {REU ZEEROTR BT K 2 R AL & RIZEUR AR
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Figure 1. Influence of ethanol concentration in the extracting agent on pigment extraction
B 1. BRI ZEERRE X & RIRIAY 20
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HIE 1R, BRI T 5000, WO EERE#E LRk B 3s i A, BB fIRE 1.000 -+
31222, R LEEIRFELE 50%H,  FERGRIRT KO0 FF R A 20 (8 3R R IR i i, 31X 5 5L R A (18]
FAFHMLE R M OEIRE KT 50%I H15 FCZIER, B0 5 RS IGR I ROG B 2 OB iRk
(B INTAT R 1%, SRIHINAS (o B OR WO T B dRe 1 1.222 R RE % 1.164. IX AT RE2 T B CREAE (D
VR o LRI BT, R AR e R R R AR R SR, RECE . BEEN
W 27 R TA[19]. WA I 1) e fE B IR FE l 50%

3.1.2. PitEx A BEREO AR ERNENT M

1.8 1

1.6 1

1.41 —

1/

1.0 -

W FEE

0.8

1:15 1:25 1:30 1:40 1:50 1:55 1:60 1:65
kL (g/mL)

Figure 2. Influence of the material-liquid ratio of pitaya outer skin powder to ethanol on pigment extraction

2. KERINZIARFNZ B RORHREC L3 & RIZEUHI RN

HE 2 FroR, 2K RA Oy AR CBE HRHR G EEAE 1:40 LRI, S 38R UK WO EE RE RN LY
eI, MM 1.122 ET42 1584, W] fEE d1 T REE SR HUR LW LB AN TG I, ox ok e SRR B 4R i
THIIRZE BL R HAt TR o B RIBAAE R, AT et (5 3K B3R [20] . BHREL DY 1:40 I, S
HOSCR B, BRI (0 3R SR BRI B A fi e 1,653 7E I A B AR AN 2 RDRHAUE L AR I 45
FIROE LRI, X AT RERE RO 2, WIBHCiE se i i, HLAad s b B 5 VA 1) 28 A FE P
[18]. BEERRRELEE— WK, QR IBBGRIIBOEEE SOZHT T, BERHROLRE dif s 1.653 T BRI R A
{H 0.913. XA E i T 3- HGH I I (8 A5 B I #A A r 38K, (45 KO SRR B 20 23 e I 2 R Al BE A FE AN
A, R EE I EHER[21]. MR I B s ERRR EE Ny 1:40.

3.1.3. BRAR pH EX N EREL & RIENENFI

£ pH {E N 2.0~5.0 I, BE B VAW pH [ER3E &, A RREBURMBOLE R 2 T &, WA 3. 4
VAWM pH AE2E 5.0 B, KRR R A R IR IR e o TERR T 2% A T AR (0 8 AR OB I WROG 2
B, ATAE i TRR S RAT LT (R I BEIE 0 0 K [22] 0 24 (0 R TI HH BR 1 3B 45 6 A0 i M 3% A8 B (pH
M 5.0 EFFE 9.0), WG M EE 1.585 &S] 1.219, XAl A8 G400 R KA 2R R A > [23]. B,
ARG B B pH B8 5.0 [FIRF, 7EImERIAEE T~ (pH {4 5.0~6.0) 143 1 €2 25 $E BRI ' B L ZE B 1
FAF T (H BT 7)ISIIROGEE m, MAE R N AR T A AR E, Fihixa R H TR
PE AL [ 16].
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Figure 3. Influence of pH value on pigment extraction
[ 3. pH Ext & K2 A2

3.1.4. RUBHRENINERN KRR & RiZMEH RN
1.3

N

-

1.14

I

1.0 4

.__—.

0.9 -

0.8

80 160 240 320 400 480 560 640

Figure 4. Influence of microwave extraction power on pigment extraction

Bl 4. RUKIRETI RN B RIZEHI RN

Wik 4 P, DMIRT 480 W T D S4B U RN, BEAR R DR Mg, WOt EEsg . £ 480 W
RITI AR, WOLREIE B e 1.263. e DhF 4G K2 480 W LL )5, Wt B MR fE 1.263 [
2 1.178. IR, RGO KO R IR B P AL R B 7 TS50 2 BIOR[24], H B Dl
W FEOWER, MBI 3R R [25] . AR IR 4 480 W 1 M ipk SR B ) i LR T %
3.1.5. RIRBNATIE) R K AR AT & iR VR R

HIP 5 AT 4, RREUN 18] 20 5~50 s I, (3K T i R B R n i 18] AR SE R T 39 m - ot
FEM 0341 BTt &R mifE 1.193. KIS RICKT 50 s)InFA EZRVER, W' B A s In At ) £ 1 n 5 i

DOI: 10.12677/hjfns.2025.143042 378 5 E R


https://doi.org/10.12677/hjfns.2025.143042

Bk, ERR G

B DRSS TER W AN I ) A A 2 A IR B S v, AT K R SRR B i S B 3R
BEEAIIRAE HI[26], MIMTAEAS CL 3 MR P T B o AR TRIGH 50 s 1 W Blin 2D i HE IR 1]

R FE

1.4 1

1.2 4

1.0 1

0.8

0.6 1

0.4 1

0.2

e

S~

-

20 25 30 35 40 45 S0 S5 60 65 170

T In 16 /s

Figure 5. Influence of microwave extraction time on pigment extraction

[ 5. ok iR BT E] X & RIR ARSI

3.2. B3R

B2 4 BioR, 16 SR R0 (1 R Al IR PR IGR L BE MR EE (A) KB FEAI 0 AR 2B I R b
(B). LE A pH ME(C) T IR ThZ (D) ik FEI I [H(E)5 MH %, &+ L16(45)H &K Filt
ITIEAC RS o SEMA KO A R i R AR AT 6 3 SR USUR 1 B 36 3 SRR O BRI EE > B33 pH
B > PRI > SRR > FEEGH OBEIIREE,  RURNG LG B KO JER R 4 6 R 42
HORCR S oK, FL VRO (B VAR pH AR TR B TR) R Thoe, BRI B2 1A A B 6ot K ol SR JR iz ) 41
0 R BUSCR RS AR /N o I R B T Z 40 & A2B2C1D2E2, iX % W Z BV 50%- Bk LLEC EE 1:40.
pH {8 5.0, Tk TI= 480 W ik if 18] 50's HIZH G 264 T, 0 K e SR B v RAR AL 8 3R 3R BUBUR e £

Table 4. The results of the orthogonal test

4. EXRELER

e ras) A LIFIRE% B B L CpH 14 D M IIHRIW  E S /s W
1 1 (45) 1 (1:30) 1 1 (400) 1 (45) 1.316
2 1 2 (1:40) 2 2 (480) 2 (50) 1.342
3 1 3 (1:50) 3 3 (560) 3 (60) 1.244
4 1 4 (1:55) 4 4 (640) 4 (70) 1.237
5 2 (50) 1 2 3 4 1.307
6 2 2 1 4 3 1.344
7 2 3 4 1 2 1.288
8 2 4 3 2 1 1.261
9 3 (65) 1 3 4 2 1.300
10 3 2 4 3 1 1.331
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SKAE, HEIRR %
g
11 3 3 1 2 4 1.293
12 3 4 2 1 3 1.253
13 4 (70) 1 4 2 3 1.309
14 4 2 3 1 4 1.270
15 4 3 2 4 1 1.266
16 4 4 1 3 2 1.319
K1 5.140 5.232 5.274 5.128 5.174
K2 5.201 5.287 5.163 5.205 5.250
K3 5.178 5.092 5.076 5.201 5.151
K4 5.165 5.071 5.165 5.148 5.108
k1 1.285 1.308 1.318 1.282 1.294
k2 1.300 1.322 1.292 1.301 1.313
k3 1.294 1.273 1.269 1.300 1.288
k4 1.291 1.268 1.291 1.287 1.277
R 0.015 0.054 0.049 0.019 0.036
K A2 B2 C1 D2 E2
FE T B>C>E>D>A

3.3. WiFRE

It O T 45 00 KR R ER B R 3 43, AR SR ARG RIS EUGH L BE IR 50%. K IE R Ah
BB AR CTERTRRRBC EE DY 1:40. G pH {08 5.0 RBRIII A0y 480 W SNt A1y 50
s N, WS EERIRBORMF ROy 1,791, BPRTIEAZRIG Bt b Tl R A A HIROEEE, i IifL
WIS R

34. KEReaRBEMNE

3.4.1. BRWRFTIX & REBE MR

ZHTRIBT SR, RARGEREM L4, GRER, EXDL. MEE, RUEMFRE D BUR. 115
B2, SRR B AP I TRl b R B s s nsi, DRI RE 26 KO R R B RARAL R IE K
(5 [16] -

1P 6 T L, A R R TR (3 R P R BE SN T AR A7) (T AR R M1 S SRR A > fE 2 (3R AW
JERE L R o TN BRIV FE N 1.406 P43 1.093, AT A5 IR 1 5 R IR O RE I 1.352
BEF] 1.106. ATHEERAISE SRR 6%, AINS% IR G R IO L T AR, LA EI K
JERIR B 2L R IRSE M 52 3 SRR IS SE /s o AR T- BRIR TR BZIA 21 8%, FT AR A 9 R WK I 75
MIMOERE LS R R e (AL, ERIEDY 8IS AR BT3¢ K, ﬁ%@ﬁﬁ%@%ﬁ%ﬁ%ﬁ%%i%,ﬁ
D3 B E AT AR BR NS K e RIR B 41 60 3R A Pt RUR [27] 0 X AT g PRy — 58 iR FZ AOAT AR R A ) 126
AELEREG S, B T AORTRET R AL Em28], Hﬁ I8 IR L IR IR IR RE A H ) £ 75 3K -
BRI TR (— IR A AR ) RO SR TT 3R LR R i 0 0 K AR 00 B R B IR BT BT
AR RS AR R IC, BN T AEH R AR E E[29]

m}m

DOI: 10.12677/hjfns.2025.143042 380 5 E R


https://doi.org/10.12677/hjfns.2025.143042

Bk, ERR G

1.5
1.4 —=— SRR
—— (TR
1.3
et
SE
=
1.2 1
1.1
1.0 41— T T T
4% 6% 8% 10%

WE (%)

Figure 6. Influence of acidulants on the stability of natural red pigment in pitaya peel
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Figure 7. Influence of sweeteners on the stability of betacyanin in pitaya peel
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Table 5. Sensory evaluation of yogurt with added red pigment
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