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Fe/Cu MOF-Tartaric Acid Complexes for Banana Preservation

MA Yu, ZHANG Jinghang, WANG Chengyu, JIANG Yujun, QU Bo, MAN Chaoxin"
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract: Conventional preservation methods such as low temperature and modified atmosphere packaging often target a
single preservation requirement. However, these methods cannot address multiple problems such as bacterial growth,
enzymatic browning, and loss of flavor during fruit preservation. Consequently, the development of efficient, environment-
friendly, and multifunctional preservation technologies was imperative for maintaining fruit quality. In this study, an Fe/Cu
metal-organic framework-tartaric acid complex (Fe/Cu MOF-TA) with excellent antibacterial and anti-browning properties
was synthesized, which was expected to provide a new, green, and efficient preservation material for fruits. The successful
preparation of the Fe/Cu MOF-TA was confirmed using scanning electron microscopy (SEM) and Fourier-transform
infrared spectroscopy (FT-IR). The antibacterial and anti-browning properties of the Fe/Cu MOF-TA were evaluated
through antibacterial experiments and the inhibition rate of polyphenol oxidase. The results demonstrated that, among the
five organic acids (citric acid, succinic acid, cinnamic acid, TA, and malic acid), TA exhibited the most significant
inhibitory effect on polyphenol oxidase activity. Furthermore, when the concentration ranged from 0 to 1.0 g/L, the
polyphenol oxidase activity and degree of browning of the bananas exhibited an inversely proportional relationship with
increasing concentrations of TA. The SEM images indicated that the Fe/Cu MOF had a bicone structure with a rough
surface and rounded edges. FT-IR analysis indicated the formation of a complex between TA and the Cu/Fe MOF through
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hydrogen bonding. In addition, the TA loading rate of the Fe/Cu MOF-TA was 21.77%. Furthermore, the minimum
inhibitory concentration of the Fe/Cu MOF-TA against Escherichia coli and Staphylococcus aureus was 0.0625 mg/mL.
The rate of inhibition of polyphenol oxidase by the Fe/Cu MOF-TA was 76.03%. The results demonstrated that Fe/Cu
MOF-TA possesses remarkable antibacterial, antioxidant, and polyphenol oxidase inhibitory properties.

Key words: fruit preservation; polyphenol oxidase inhibitor; antibacterial; MOF-tartatic acid complex
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2, R AARTCE; WA, 25 T RBBLN AT
IR RS AR M 33 /NG 718

4 )E A PIHEZE (Metal Organic Framework, MOF)
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e, Yo, FREX 25 ¢ AT AE] 100 mL PBS
(0.01 mol/L, pH6.8) "It BIMET AL P ThsT T A5
T oE Be e B A £ T 47550 (10000 1/min, 10 min),
BB IS RAE S PPO B T56 .
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DI, 7R o in A 1 mL. 0.1 mol/L 4R 2 — W
W, I A TR B A A A2 1R . IRV TR L W A
iR . SRR . BRI (MBS 0. 0.2, 0.4, 0.6, 0.8 Fll
1.0 mg/mL) 4% 1 mL, IR2JJGTF 30 °C BIZKHE R 7K
¥ 10 min, ZKIESEE A 1 mL B AE 30 °C J2
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JH Folin-ciocalteu 75 2L i 9 By & e, FELAASIF]
R M T IR IR R UEINZR, ARPabrifEth A
SIRE S AR & B (y=0.2797x—0.0017, R*=0.9993) .
FEP) G F R AR S TR A (mg/g) -
1.2.3.4 P bae1MaE %8 Shimada S50 A
F4) 7 V0 SR L i DPPH [ J8I5 82, PR VE R
. EHE ¥ 0.1 mL AESIIA 2 mL DPPH(0.1 mmol/
L) v, FEr MR ¥ #5240, SR )5 RE G X Y 30 min, TE
517 nm &b SRR E . Jo/K £ BEE X DPPH
SSHEEZH, 0.1 mL BESLINA 2 mL JG7K LRl X BEZH
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AOD, - AOD,

FIEBR R (%) =
DPPH H HETE R (%) (1 0D,

)><100

X 3
Hrr, AOD, il 2H i OG5 AOD, Sl X B
LHAI I ; AOD,, “h4s FIZH O GRE
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@
120 C DMF

12h ~p j
.-
o)
HO = —
OH Fe/Cu MOF

0
XA IR

Bl1 o RPRHR s T

Fig.1 Schematic diagram of material preparation

1.2.4.1 Fe/Cu MOF W& A  FHf Chen 4501 (1977
5% Fe/Cu MOF, JFAHfE &M, FREL 0.54 g FeCl;,
0.152 g CuCl,-2H,0 Fll 0.166 g Xf #& — H iz % T
50 mL DMF, #8741 h {di [ W )56 4 fire, Bl 28 A
SR TERME R 120 °C 5F RV 12 he JW5E
B R ES.C, BEJS T DMF FIJG/K ZUEEe s 3 IR,
FEARFEHATHET, FrASAE S B2 Fe/Cu MOF,
1.2.42 Fe/Cu MOF-TA E&5WIM& R FrRELO0.1 g
Fe/Cu MOF #4EHF1 0.01 g W54 R T 100 mL ZE43
JKHER, HEEE 1 h EEL. BLsERR A AN LTS,
VIVE BEHA T2ERR P I TR T, IR R TR AR AT
JE SR

1.2.4.3 OWIESOWEE R RS T Wi
% (Scanning electron microscope, SEM) #1ilE Fe/Cu
MOF & Fe/Cu MOF-TA &5 HIIES K 4 EUIF Il
FE RS 0 FHIS EES AP AIT I, HRHRL > oAy ARG
Fref G L, SRR AR, {UER AN B — I
H 5~15kV,

1.2.4.4 (HHMLIAMEROGRESHT R B AR
e #MYGiE (Fourier transform infrared spectrometer,
FTIR) X} Fe/Cu MOF X Fe/Cu MOF-TA &1k
SEERZH AT T B FekE A AR B AR 3 T
Y, BERE Oy U B S e B TGS
TRALETRY AR TR A, I B FDE I oA o SRS, oK
AP Fe I o R A AU A, A5 B S AT R AR
s B S0, TSGR ARSI AR IARE S A £T
A GHE K E T AE 4000~400 cm ™! FUTEFEIPILL 4 cm™!
FISTHERFA 64 KicsAS3.

1.2.4.5 #HESH W E S PTXT Fe/Cu MOF-
TA FERE EHATS3HT, FREL 0.1 g Fe/Cu MOF Fi
0.1 g Fe/Cu MOF-TA & -&¥itfr#am s, HA i
BEJEFEY 25~600 °C, ffi A SAE RS, i R
20 mL/min, JIFAE2EY 10 °C/min.

1.2.4.6 TA ERWNE TA GECRNES%
PR ORI 2 IR PR T, LA IR R FR s 5], i FH SRR — H iR
FRAE Y NaOH #4718, 18 AN R B A 12 (0.1,
0.08. 0.06. 0.04. 0.02 F1 0 g/L) ¥ & Fris NaOH
AR, 2 hlbruERTZR y=124.96x+0.087, #H X F %K
Sk 0.9994, o, y AT, mL; x AR
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JRE M, g/L. %18 1.2.4.2 4% Fe/Cu MOF-TA
TR T B O, XSO A B _E R WO A TR R, AR
ARABRUE T IR X R, TA BRI E . TA
R n=0(4) Fros:

TA Sk o= =Y

Horr, o) AARBEODEWT TA B9 EE, 0.1 g/L;
c, NE.LZJE EIER T TA FIHIE, g/Ls m iy Fe/Cu
MOF [iHL, g; V NIRRT, L
1.2.4.7 P EESITEMT  Fe/Cu MOF-TA FYPLEH BE
J13Eat MIC Ffn s B SG 2EAT PP o

B/ MR BE (MIC) I A2 - 25 96 FLAR MR
VEXT KRG B | 4o (A3 4 BR B 1 MIC #E4700 %,
BT FE 7S TR IR X0, SRR TR
JEEZE 0.5(0ODggp pm) > A 100 pL M B, SRS TE
T WP 4510 Fe/Cu MOF B Fe/Cu MOF-TA
BEIVER, B ZARETR 200 pL, s TE R B 3=
b, &M 37 °C 153% 24 h, FLELPIEWLE ARG
TRl AE W A A PR B VR 5 Ay e T PR

27 Lei %502 (19 i oL [B S8R P #0E F
1 Fe/Cu MOF 1 Fe/Cu MOF-TA & & 1 470 i
B8, 1 FH 4 (R AT BR TR AN AT TRV R S8 4N e o
FHHTES DRAC R IR AR, TS e A A1
TG R, SRR AR TR R IR A R 37 °C K5 5%
24 h, FF4E Fe/Cu MOF #1 Fe/Cu MOF-TA E-&)
AU ES BBl H 4% MOF . TA. MOF-TA [ PPO #illhi| 3
MEF 1.2.2,
1.3 #HIELIE

AL H SIS IIIAT T 3 AT, Bk A SPSS
2.0 FRAGHEAT R R R 7 22530, 45 R DA 25 0hR v
Z2(Mean=SD) #1727, K] Origin 9.0 1 GraphPad
8.0 FAFIATL A, Hivp P<0.05 R B EF =R, P<
0.01 TR 255
2 FR57Hh
2.1 BHERFAEXT PPO HIHIZRASZNT

WE 2 fras, 5 FPAEPLERXT A PPO #GPEHT i
ROy A TR> PAAE RS A A T> S SR > 3R FATR, T
ATPRIN IR T HADAT PR, PT R H T 5

x100 WD)

H 55 PPO IHMEHLL Y Cu? 454, BB G E R,
BLAh, G A VLER M M 0.2 g/L BE K% 0.6 g/L, WH
APRXTFERE PPO MR S I iy o (p<
0.05). MO T 0.6 g/L B, AR FHLE PPO
il 2 F AR, X T Re IS A T 0.6% B8 A TR Xt
PPO I PEHLOIEE S EHE HEO R . 36T iRkeh
R, JESEse PR A IRAE S PPO FIHRIFRI A T 5 22156 .

07 —em

60 4 COPEER: = 3
R
50 { ComAm 4 MM
EGEFIR  w

=R (%)

012 0i4 0j6 Oi8 110
W (g/L)

K2 AR HLBRFRE Ko B2 48 PPO Ml
Fig.2 Inhibitory effects of different types and concentrations
of organic acids on PPO in bananas
T AFVNG PR A R A DR TP, A FA VLR HAT
BFENEZE S (P<0.05); ARIRE PR R A F A PRI, A

[RIA LR B BAT 5 12257 (P<0.05) .

22 BABRXMEERTIERNSN
TR SR (A AR e B AR B 7K SR A A R e B
FERRCY, R 1 n] UL, BEE R Ta] AR N, A5 LH AR
i BB AR FE B W S I (P<0.05) o ZEAHIRIASE] 25,
ST T TR A B AR o 2 AR 28 8 008 B ot B 2 b 25 %
IR (P<0.05), H BEFE T A B B po3ghn, A5 i94e 28
BECEITREAR . kg RN AV A RGNS .3
WS RREAE, H2 Ao .
2.3 BABRMEFERBS =M
IR S S R R KR T T B AL S Y
T, WML S R KR Th L BT, KSR
T PPO &AL & W NERZEY) 5T, 530K R
RAARAR, PR IR A I 7R 4 B B T L K
RO KA RIRRER, B 3 BN T AR AR
WETHENSE &, WNEl 3 FhRTLIEH, BEETE

1 IR A R B A AR B AR B

Table 1 Effect of different tartaric acid concentration on browning index of banana juice
JEZSRER ] (h) 0g/L 02 gL 0.4 g/L 0.6 g/L 0.8 g/L 1.0 g/L
0 4.70+0.25" 4.70+0.25™ 4.70+0.25" 4.70+0.25" 4.70+0.25" 4.70+£0.25M
2 10.460.14%* 8.70+0.04" 8.21+0.12¢¢ 7.40+0.09¢° 6.59+0.05¢" 5.88+0.07¢"
4 14.42+0.16™ 12.60+0.21™ 11.21£0.15° 9.55+0.10™ 8.63+0.07™ 7.81£0.16™
6 19.52+0.24°* 15.58+0.08" 14.58+0.15° 13.33£0.34 12.02+0.17* 11.06+0.08°
8 23.46+0.12% 20.52+0.39 18.21£0.04 17.19£0.03° 16.22+0.17% 15.59+0.19%
10 29.64+0.344 24.74£0.07°% 22.09+0.03¢¢ 20.60+0.26 18.98+0.08* 18.34+0.19F
12 33.71+0.08" 29.55+0.43" 27.28+0.07™ 24.84+0.12"° 22.69+0.05" 21.44+0.22°
24 38.60+0.16* 33.68+0.06" 31.60+0.37*¢ 29.42+0.11°° 27.23£0.07% 25.56+0.08%"

TE: AN G REFRR A — T A RSN, AN ) It 18] P e BAT (8 P22 53 (P<0.05 )5 AN A1 RS 5 B3R [R] — W3 1), AN 9 47 PR 745k )

A I M2 55 (P<0.05) .
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A7 P 3 N, ARG B e R I A, Y

TA W 1.0 g/L B, SB35 2 A0 88 F X B 4H A
2.60 mg/g 2T E 4.34 mg/g, 12751 66.92%(P<0.05),
2 P A TR B A 4100 1) A A v iy 254 g PPO &AL,
TP AR AN EI AR . 2R AERS) R AL
BRI AL, KB 0.9 g/L SRR AP S 4R 25 1A B 5
R T 12.65%, AAUFSEITRES I & T HAF R a5 5 .

5 -
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4 b b P
@ : 7N
C 1 UV Z
g 7
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i 0 U U //?/
0 7 7
¢ 21 o0 o o Voo
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1 N A VA UV
0 7 ////// 72 7 7

014 0.6 0i8 1.0
TAWE (g/L)
&3 I [R] B T A Bk 7 A S T 5 2 1Y) 52 T
Fig.3 Effects of different concentrations of tartaric acid on total
phenolic content of banana

TE: AR/NG PR R ARG I HA B35 125 5 (P<0.05)

2.4 EAENEE DPPH BHESMREAZNY
DPPH [ H HE3 B 24 5 ) b Ak e 11
EEFEbR, SRR & AP E Y BT B DPPH
FE(1, -2 -2- = A 32 PR Bl 25 I RE 187, UK
Hrp ) 22 o M AR 3 C ST RS A T
% DPPH [ 314 HE 77, DA A 31) A 422 90 1 7K 2R
My AR I VE BRI, K 4 vl LUE Y, X R4 B A
58.23% 1Y DPPH H H A& R 3R, RUIR UGS I A7 iR
A A A P AT SR BT 5 i I 2 o . T B A T A
P e BE 38 0, DPPH. [ Fh L3 BR 3R Wi i, 76
1.0 g/L i} DPPH [ HH A& BRI 2 74.68%, =H]
VA7 T2 BB A% B - b R i fE v I 2 5, M35
15 BR DPPH [ H LR . o A 450 X 45 B vp
5 PP (BRI . AR | LS . IR P A
LR FEATHUAARRE J1SE, & BRAE 5 FhHE) iy

80 1 a

;\?70- . d 707_ 7?_

o1 ]

& s0ll . . //

gad ,

sofl L L]

Tl || / _

=10

swib UV U

AT

0 02 04 06 08 10

WL (/L)
Bl 4 N[RIMEETE A R X A A2 DPPH | H ES0E BRZ Y5200
Fig.4 Effects of different concentrations of tartaric acid
on DPPH free radical clearance in banana
e AF/NG FEFRRARE A RSN B EEER
(P<0.05)

AR B i F IS BRRE S, AL AE R 52>
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2.5 Fe/Cu MOF-TA X575

Pl 5 A7 Fe/Cu MOF Fll Fe/Cu MOF-TA ) SEM
%, i L IE 5(a) B, Fe/Cu MOF Bl Bz
4B B T UL, 32 Fe/Cu MOF R &
Ao TMEEE 5(b) KB, G B Fe/Cu MOF-TA 2
B 25 P , € T RELRE (09 DUEE 2544, H R R T e
TA W} #E T Fe/Cu MOF F1fi, A1 i3 PN EAE A
JIER7E Fe/Cu MOF [ ATEZS .

LD ) ""‘1‘(‘11)-5’;?{ #50.0k UD(sLD) CT 100 gm
€ 5 Fe/Cu MOF #l Fe/Cu MOF-TA 1) SEM &%
Fig.5 SEM images of Fe/Cu MOF and Fe/Cu MOF-TA
. (a) 4y Fe/Cu MOF [ SEM [&14; (b) & Fe/Cu MOF-TA [¥J
SEM F%.

2.6 {HEMLIIMNEIESH

& 6 7] I, Fe/Cu MOF #l1 Fe/Cu MOF-TA 7E
1589, 1406, 1316, 1031 F1 556 cm™' 4b H 30 7 i,
G35 X N ok 2 T HE IR 3R IR AR 1 AN T R e 4 3% B
(1550~1650 cm ™), #FF C=C $E5/(1400~1600 cm ™).
PR AR X R 45 PR 35 (1300~1400 cm ™) | C-O {145
PR31(1000~1300 cm ') M MOF H 48 -FE A 4i iz sh
(<700 cm!) . 5 Fe/Cu MOF #H[t, Fe/Cu MOF-TA
M R R R A RAS, FREH TA BIIIASKXT Fe/Cu
MOF %5 4 it il 3R o &3 1Y O-H i 45 78 3200~
3400 cm™' JEFEIN, HIE 6 A UL Fe/Cu MOF-TA f£
3283 cm! AL B IEAH %L T Fe/Cu MOF f£ 3307 cm’!
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Fig.8 Antibacterial capacity of Fe/Cu MOF-TA

:: (a) 2 Fe/Cu MOF X S.aureus F1 E.coli 4N H & ; (b) Ky
Fe/Cu MOF-TA &%} S.aureus 1 E.coli BN PEl

AT, PN S RS, i A TA w] LAIBG 58 AF
I BE 1. Cheng S5 il 5514 ZnAg@PAN X
42 )@ MOF GKAAEXT 4 B (0 35 28 BR B A IA AT B
FFN R R AR5 1.71 ecm F1 1.51 cm, ASHFIE T
e T HEE R

e /N B e B (Minimum inhibitory concentra-
tion, MIC) J&P LB 77 58 S 900 il 41 B A= 1 19 e /N B2
HENSRE I/ S T R R R, 3R 2 AT, Fe/Cu
MOF X E. coli Fl S. aureus i) MIC -4 0.125 mg/
mL, 1fij Fe/Cu MOF-TA X} ¥ F 30055 B 19 MIC FAAR
% 0.0625 mg/mL, F8] Fe/Cu MOF-TA 14401 2 535 5
B AT Fe/Cu MOF, IZ45 5 5 1 A 10 B PBl 4% SR
Fr—2,

# 2 Fe/Cu MOF #l Fe/Cu MOF-TA [ MIC
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Fig.9 Inhibition effect of Fe/Cu MOF-TA on PPO
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