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Optimization of Loquat Puree Color Protection Formula and Quality
Change During Storage

ZHENG Wei, ZHANG Xiangzhao, DENG Xinfeng, MA Jingwen, LU Zhoumin®

(College of Forestry, Northwest A&F University, Xianyang 712100, China)

Abstract: In order to reduce the enzymatic browning of loquat pulp during the pulping process and to maintain the original
color of the pulp, the color difference value (AE) was used as the main response variable. The effect of six color protectors
in protecting loquat pulp from pulping was investigated and the two best performers were selected for the central composite
design (CCD) test. Based on this, an investigation was conducted into the effect of composite color protection on the color
and the content of nutrition of loquat pulp during storage at 5 °C for 28 days. Out of the six color protectors, the results
indicated that ascorbic acid and phytic acid had a significant impact on color protection, and the optimal ratio included
0.332% ascorbic acid, 0.065% phytic acid. The verification test showed the average AE of loquat pulp after composite color
protection was 6.70, which closely aligned with the predicted value at 97.31% agreement. The storage test showed that the
composite color protection could effectively retard the decrease in L", a*, b* and AE values of loquat pulp, while reducing
the loss of total sugar, ascorbic acid and total phenol, and the increased of titratable acid content, to maintain the nutrition of
the pulp. This study could provide technical reference for the processing and utilization of loquat.

Key words: loquat puree; enzymatic browning; color protectant; storage; color; nutrition
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98%~99%) , SR AEWRHL A BRAF]; 2,2° - HR L BE
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I REERHABRAT IECE ral, RiEg
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1.2 LWHE

1.2.1 PRI SRHEEE SRR e, F 2
Wds 25 . R, FERAYI 28U 42 1 em AT,
B BHE AL S K BB A H LA S Ak o 8 SR A ik
5 4y, BB 2 100 g, TEFTIEATHCGH )5 Wi oK 55, LA
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Table 1 Design of single factor tests

S buRIAR EMEERR MR EDTA-2Na HBRR  CaCl,
(%) (%) (%) (%) (%) (%)

T1 0.106 0.04 0.0264 0.04 0.077  0.10
T2 0.176 0.10 0.066 0.10 0.129  0.20
T3 0.352 0.16 0.132 0.16 0.258  0.30
T4 0.528 0.20 0.198 0.20 0.576  0.40
CK 0.000 0.00 0.000 0.00 0.000  0.00

1.2.2 W iZEE0T  FETHRERIEAR, el
A A ROR i 2E YR, LA AE S AR B JEA
CCD 58 WL 2. g% #1452 % Hamid 551
114 - Bfr 22 T XASE 2R I 45 5w b7 T 358 534, 4 o e
(ESLTE
#2 CCD REF R Bk
Table 2  Factors and levels of CCD tests

K-
~1.682 -1 0 1 1.682

ESES

X, YL 0.018 0.1056 03168  0.528 0.616
X, TR 0.00674  0.0396  0.1188  0.198  0.23074
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Y URBITEE I T —80 °C, BURELE TR 48— 2 Hi 4
Fabr.
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BB mEAEYEIE . B 0.3 g FESLT 5 mL glik b, &8
FEPBUS A UTRETR ( 2 R ORI 2R 5 AL AP
W4 0.4 mL, i pEWEE HiEW . B 1 mL _EiE®RIN
A 0.4 mL(10%) EL M8, 37K 15 min, JFHE8 0 3 74
0.1% WEKFE A7, Bl )5 A 30% NaOH ¥ 17 & =i
WICHH BT ta . B FiRKEUE 0.4 mL, KN A
0.6 mL 7KFl1 2 mL DNS 5, #/K¥#E 6 min. HikKE
S 520 nm AT GIE . SRS 5 DL 24 1
it, g/100 g,
1.2.4.3 AEER S HIE  SH 85" 5k,
MEAEVE#E,, HX 3 g &5 T 12 mL 7K, 50 °C JK# 30
min, 2.0 (5000 r/min) 5 min, 8L 10 mL 78N A
37 0.1% M K 48 7~ ¥, A 45 2 19 0.025 mol/L
NaOH ¥ A2 20 AR A IFAE 30 s WANER(A,, 45
HLISER B
1.2.4.4 PUIRMIR & &EME SF 2,2°- " BRILIE
L MEAEYEEL . B 0.8 g FEM T 4 mL 6% =&
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ZZ bk (pH 7.4) 0.7 mL, 10% TCA % % 0.5 mL,
42%(v/v) iR 0.4 mL, 4% 2,2°- BNk E 0.4 mL,
3% =446k 0.2 mL, 42 °C /K ¥ 40 min J§ T 525
nm A E G . PR R Fr E AR PR TIR I R AR
HESHRIVERRRERTZETTHE, mg/100 g AnuERZE Rl
J7 4 y=66.708x+0.1197, R*>=0.9985 ,
PLERIMER &2 (mg/100 g)=100CxVt/(VsxM)
K, C 28 MR RAR 1 BT & (mg) ; Vit 2&24F
mh R B EATR (mL) 5 Vs 2 i3 @ i B A&
(mL); M 2T (g) o
1.2.45 BEEMNE SHMEARE DY, BRI
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Fig.1 Effects of ascorbic acid concentration on the color of the puree
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Fig.2 Effects of cysteine concentration on the color of the puree
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Fig.3 Effects of phytic acid concentrate on the color of the puree
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Fig.4 Effects of EDTA-2Na concentrate on the color of the puree
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Fig.5 Effects of citric acid concentrate on the color of the puree
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AR, FBURIKAAPERTIR, L1 | W EE S, AR A R
%, 5 CaCl, i & DI 2R R AR 45 /AN — 2
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CaCl, == 223 3o 2 57 40 I 17 X025 1k S P00+ T A1 48
AR AR FTIR LRSI B 44k, CaCl, I AR R 2
BUAMEH . 480 0.4% CaCl,(T4), KK L. o b™{E
BAR, BISERE | W05 | 23 E I HAhL; H AE (8
(3.44) 85X IR 20 (0.94) =i 2.5, SREH P #H 2= (0] HAT
B n] DL (PR 25 5, U N CaCl, S 20k A8 B2 B2 n
Jal o SRS TR U2 S L PPO Y AR B A M 90 i)
F4 SR, Ca® FEAAE L 9 HR T8 X i S AL W il A 1%
WEAVE P, 3XATREMEF T (e 48 28 1 F it S Ak P g
55 PPO MYPRIVER, IR AS o 25 TR, ik
TP A P P 8 2o AR AT H T S R g (87, i
P HAE N CCD 56 FEEH 2R, HE— B8R4
BRTIEIK L AE {E IS

2.7 MIBEZEESFEFIMNEALRIEESR
2.7.1 CCD it M Jr2dr FlHH Design-
Expert 12.0.3 #4431 CCD 56, 45 4H ik e 4% S an
2R3 PR, BT XL, AN A AR T
JEZ LB ; AE {EAE 4.84~7.08, 5% BZH A JE B i
(AE>3) i taiF22 702, SRS B G A ) i 2 i 4%
TITH R EEAE AR AL . BRI 0.3168% HLIA I iR
1 0.1188% FAMRAYFIK AL Fll AE Hxr, el &40 (0,
R A

223 MRy AT A AR

Table 3 Results of response surface tests

SR PR IR (%) HEIR (%) AE AL
1 0.3168 0.1188 6.76 4.85
2 0.5280 0.0394 6.66 4.89
3 0.6160 0.1188 5.71 4.54
4 0.5280 0.1980 4.84 3.77
5 0.3168 0.00674 6.71 5.07
6 0.3168 0.1188 6.72 4.90
7 0.3168 0.1188 6.98 4.93
8 0.0180 0.1188 5.88 4.69
9 0.1056 0.0394 6.47 5.07
10 0.1056 0.1980 6.01 4.69
11 0.3168 0.1188 7.08 5.05
12 0.3168 0.23074 5.48 4.44

FJH Design-Expert 12.0.3 AFHAT [HHILE 55
B, iT45 AECY) 5955 (X, Prifmefn X, FhiR) =
8] iy — 3k Z2 0 B H T #2: Y=5.04373+9.25638X,+
14.58415X,—20.32637X,X,—11.93801X3—60.97911X2 .
FH% 4 WT, IR RS AR AL B 25 (P<0.05) ; R IT R
P AN NS0 1 22 55 2 5, e BIITAS i 25 (P>0.05),
FTCIAUR AR ARG SRR, PRIz 7
AEEL Uy Hu TN AE XTI R PR g m R, . b4k, i
X, X, X2, X2 P ABE RN, =35 X0 B A A2 i 24
% .2 (P>0.01).
2.7.2 PEFI N TE 58T B Design-Expert 12.0.3
FAFAR G 1] U= 7 R il ) 1oz TG RS vm 2R L (1R 7)), \T
B B A3 BT B0 ML R R AR R S B AR AL X AE B 5
M), A5 R IIEAR AT S R S8 BRSOV PR ES o AT e

K4 AE PRI 22000

Table 4 Analysis of variance for regression models for AE

FERWE  CFHA AmE By FE Pl BEH
HR 4.99 5 0.9981  29.98  0.0004 ok
X, 0.1862 1 0.1862  60.65  0.0559 -
X, 0.1859 1 2.02 559 0.0002 o
XX, 0.4624 1 04624 1389  0.0098 o
X2 1.81 1 1.81 545 0.0003 o
X3 0.9364 1 0.9364 28.12  0.0018 o
2% 0.1998 6 0.033
AT 0.1099 3 0.0366 122  0.4364 -
ARFE 0.0899 3 0.03
psyil 5.19 11
LIPE ¢ R*=0.9615 R’,0.9294 CV%=2.91%

TE: R BB, P<0.01; *FOR2E S B, P<0.05; —FoR AR
%, P>0.05,

LRI MEIRDE, 2270 R DR 38 38 B U0 i 38 5 R IR
DAE B X (LA M ) A X, ORI ) 7% 1) 7 T i
I, 45 ve 2k B SR A (R TR, 3% BH BT IR 1 18 0 AR 18R Xk
AE 2 HAE R, FE4T GG AR ES INaE Bk B e
KR AIAE AR, FT A AN R4 AE, AERPEAE IR
OF . HAERLZEIRT AN, S P e EaT, S g
FAT R B 0.3168%~0.4224%, FH iR HI AT ROk B
4 0.0396%~0.0792%
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|

651,
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Fig.7 Effects of the interaction between X, and X, on AE

2.7.3 AR AR LAY E SRS B Design-
Expert 12.0.3 X AE Ripe KAH, AI5 /Pl
FtM 0.332% L3R MLFZ+0.065% AL, LS AE
{EH 6.885. A TIIMAE S PR{E A 221E, 7L 2%
PR REAT 3 RPATIRES, 159-°F-3 AE{E R 6.70, 56
(-5 TRIMAE IS BE N 97.31%, 1B [ A TR 1] A 5%
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FEAABCIAR I B2 FARL IR XA IR (b (sl o
2.8 IR PPO SEMABE S 2RI
Sy AP R . SRR 53(0.(0.332%
PR M AR+0.065% FEHIR ) JFAK 14 PPO & M LS &
i, I E S e S TR R i L, 255840
25 . YOS ARAIN BAATEIK PPO E1E, UL
AR PG PEARAR, X AT BB B FAE R Y Cu™' BE 5 RE
F310201 i) Cu?t R PPO 3L, ZEBEIE I s ANh]
Bk, BEAh, P )E TR o e g BRI, L T
R, a5 4T S S i N RS S 2 T 1 BT
&5 [RIsF, FOPAR ML PR S8 f b 2R PR s BT gy L.k £
T B SRR A <7, PPO IGTH M B R 25 AT AT
BERUAN S PRIF T IR R A TR 2N ) B+ 28 T SR K (2
Ak

RS5O PPEXSIEI PPO IEMEFLE & it 1 R
Table 5 Effects of color protection on PPO activity and total
phenolic content of puree

2153 PPO(U/g FW) B (mg/100 g)
E S Akl 44.60+3.32° 122.2343.70°
fif SR 46.23+1.76" 194.63+4.86°
-Rexiakul ND* 200.30+4.46°

HE: NDZIRAAGI H, [RIFNA R BoA W35 1%, P<0.05,

2.9 IFEFIFTHHEER IR E G FEA R

b A TR AATL 3K 2 i3 S8 b an &l 8 s o
=L AAAE R LT, a7, b7 CTF1 AE {EFE
R - 160] g SE G T ARG AP AH S . D2 A D3 25
b, CF AEEIY R ST D1 4 (P<0.05), JRIK
TR RV AN BE A i, (i . b, IPEVIR, D2
FI D3 HFIE L, & b (EIET D1 44, RHGBINE

52 @ 11
50 AaAa 10 AaAaAa Aa,
48 U /
3 g§ jy Be - AAd 5 8 g
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N 61 Vi
0 7
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AR L(E 53 BIFAR 2,70, 2.18 F1 1.78, AE 4351
FEAK 3.17. 2.79 Fi1 2.35, Forh D3 20 L'Fl AE {970
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T G AEFRFAAE I (435 . 15 min. 85 °C #AbH
A A K IHEAAE PPO, ki Ga b ] 758 A3 1 i 4 X
JEAR AR, (R R P <32 TR AR, (i
N W (=K = S S D e D= (AR SR Rk i R
OFAARIP
2.10 FPEFIXTHAR R R I RHAIBE 7R A 57 B 20
FAEHIE R A SBE | NI E RS . PTER MR . B
B AN S N RS EAR bR 6 s AR S
IR E BN E IR ALY, LA I WAL 7= O A R AU
SN 2R T A 2 RS bR I E], —Fh
P FRER ) S O R R R Rk, 5 o d AH L,
I3k 28 d, D2 MR B, S 18.05%; D1 4k,
g 7.34%; D3 ZHE%/, {Y 4.93%., BA—AHIRP OIS
HEA SU 2 i 2 ) IO B FE, (0 S PTER i ie &2 &
FH, WA SO T RISt . DUIR LI S 1R P 348 I
I, W AT, 4R b D1 4 AT
SER S, M 0.37%~0.38%; D2 ZH & Ak, M
0.30%~0.31%, X AJ GBS KR HS N 0.332% Hrdfi iz
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XTRBE BOUSEIRAS 25 . DRk, M InER e (asm i 22
B, B N e I SR
PO IR 7 B A B R 25 5 B SR AL A, SN

30

Dl =D2 SD3

28

26

7 7

=N

VRS
& a0 X %\ %\ &
N A = HINTIN N
m 2 | A
n NI A\
14 21 28 0o 7 14 21 28
) WEFeR st 1] ()
13 ODI mD2 ND3
12 Aa
Ataab Aaha ] AsS 11
v N 10
<

722222222222
V2222222222222 %

AN
8

N AN

1

%

1 28

o
2
S K
N

14
TE g st 1] ()

P8 4 (TR IR 6] S (156 45 )
Fig.8 Effects of color protectant on the color of puree during storage
TE: (@)L, a" b{EMEAL; (b)C' H' . AE ARV /NG FRERR R R L AN TR 18] ) S 25 1 22 5%, P<0.05; R FRERIRANFH]
Ab 3R] — B 1 f) 88 35 P 25 5, P<0.05; D1: 0.332% HUIRIMLAR; D2: 0.065% #2; D3: 0.332% HiK ML #2+0.065% HEAR; 3% 6 [F].
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Table 6 Effects of color protectant on nutrients
A e (d)
Qb3 BRI
0 14 21 28
DIl 3.95+£0.10% 3.86=0.09"® 3.78+0.074% 3.84+0.09"® 3.66+0.08%
D2 BB (/100 g) 4.10£0.07" 3.88+0.06"° 3.68+0.07"¢ 3.63+0.08 3.3620.03%
D3 4.06£0.12° 4.004£0.08" 3.78+0.05 3.85+0.144% 3.860.04"%
DIl 0.38+£0.014 0.38+0.00" 0.38+0.02 0.37+£0.014 0.38+0.00*
D2 AL E R (%) 0.3040.00¢® 0.3040.00<° 0.3120.00% 0.30+0.00<° 0.30£0.00<®
D3 0.3440.015® 0.360.00% 0.330.01% 0.35+0.01%® 0.35+£0.01%®
DIl 14.55+0.30% 14.18+0.33 14.92+0.29* 12.53+1.08%° 11.84+0.53%°
D2 PUIR MR (mg/100 g) 6.6120.34% 5.15£0.27% 5.19+£0.36™ 4.75£0.17< 5.0620.40°
D3 16.89:+0.50* 14.92:0.79* 14.96+0.56*° 15.57+0.974® 15.35+0.75*
D1 174.09+3.30% 158.83+3.39%° 146.93+1.79% 152.26+1.76" 154.55+2.685
D2 S (mg/100 g) 138.88+1.28% 140.03+2.59% 135.2120.49< 119.62+1.67% 120.47+1.44%
D3 187.2142.44" 199.03+1.10% 194.76+2.28"° 193.5442.44%° 199.10+1.514*
D1 1.79+0.05% 1.78+0.05% 1.68+0.074% 1.68+0.04"" 1.61£0.07%
D2 28 N3 (mg/100 g) 1.87+0.06"5 1.72+0.024° 1.70+0.054° 1.64+0.042% 1.62+0.03%°
D3 1.9120.06"* 1.78+0.05%° 1.6940.05"¢ 1.66+0.05% 1.66£0.01%¢

PR MR OGS I a] DATRF M IS o o5 i [R]AAE
JFIEPUIR LR & AR b AN 3% 6 s, D3 dPidfim
BR & B AE 14.92~16.89 mg/100 g, =T D1 ZH(11.84~
14.92 mg/100 g) il D2 41 (4.75~6.61 mg/100 g)., =
ZH SR PTI IFR & e e U (I 2 52 R B, e
JZE 28 d, D1, D2 Fl1 D3 2HHi ¥k M AR 43 B P2k T
18.62%. 23.45%. 9.12%, FEBHERINAEIR vl A& 24000 il
b A 1] AT TR I P SR A2, s/ D i A (e A
PR A5 o AE R G A R BOA i R S A R A m T
FrAE 5-FE I ROBRIE , i A 2 RV IR A ) I S
RO AR, S S i - AU, (R R AT 1 ]
PR mR A Ak, H55 )5 LA IV

TE IR TRAAT 5% 1) 22 19 2 ok S AL i, 32F
S22 W RGP, SECEER
WyAE . INE 6 o, WO a], D3 ZHAHAE [ 3R 2y
SR Wb, T D1 A D2 405 R kR, H
D2 £H(119.62~140.03 mg/100 g) EEy & HE il T D1
(146.93~174.09 mg/100 g) il D3(187.21~199.10 mg/
100 g) o AHPRAVE AP DTTEN, 7T SIS ot &k A EELh
SZE, Y TPAAZE PR P8, SR BE LS 400, AY B4 R
Py 5 R RAATG o BUIR MR (0.5% ) AT T4 597 B IS 40y o oo
fir 2, BT AR D1 4l & i T D2 i . fH
PSRRI TR IS LA B 1] ) S A kA, X 25
Y LRAPT VR VS , (875 22 A e [a] X 3 48 fh
M FECERERRAK. SR, USINBTIA i el -F- 5 25 1]
55 T HARRXT Z W MEELS SV o FEFRASIE]T-HLIR ML iR,
HoAGE Ay, ASIE IR R 150 CP¥, 3 ARE TIK
RSB TRIAR R W 4 R 34 S, i 2 iy Ak o

B N RN B R AR, B2
FLJT R AR N A . AR,
HARAK BB A IR A . R R R], A5 Ab FRAAT
JREARASEAE N RS Ak gk 6 s, K 0 d
A, AT R 2 A b BT PR K i, D2(1.87 mg/100 g) .

D3(1.91 mg/100 g) ZHKEEHE MR & w7 DI A
(1.79 mg/100 g), X F FAFERNR n] 4554 M 27 fif AR A BT
RIS N FE AL EEGHE, D1, D2 1 D3
ZHISEH S DR i 5 R A W 28 d B, 2i8iEH
BN EE A 10.06%. 13.37% FI1 13.09%,
D1ZHyi/b B AR, 3xX 2 W B — PR i FR AL F 45 55 PR
AT RIS/ ST R APk,

25 B RTIR, FEFT IR RR, BN 0.332% PRI iR
1 0.065% AHR 1T 58 & FE P [RIVE F SR AP #il (2 48 A2,
BV RRES & PPO 15 PR 25 A9 Cu LU IL A il 2 48
AR RIS T i PR S A PR Py D, DT 455488 v 1)
Py, FENRCIUIE], PhIRIALFEZE MR A R g
ZH(L" . @ F bR AE) FREAI, (R4 T AAE % 1)
EFEAST .
3 ZEip

I B E | CCD iR B M S UETS H, 0.332% it
IR TR 0.065% AHAR i idr L L, AT A 25 il
AWAE G S AT G R A B PR A AR, didsp iR (A . 1tk
Sh, AL Le T A RS g B TRl I L o
b AE {ELFRAR, Ff Hugi /b b . PUIR IBR FLE W #Y
PRI LI L BRI, AR AT 2 R RO B e RIS 35 5
Jii. ZAY(0.332% PLIRMiR+0.065% FEHIE) AT 1E
AR TGS R S HHR . JaEn B a s
AP KB I ARAR R AR 7 (8] B S8 i A1k,
TSI TR XA 0 35 35 i S (A3 i
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