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Effects of high—pressure homogenization on carotenoid stability and
bioavailability in carrot juice
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Abstract : As the primary nutrients in carrots, carotenoids confer considerable health benefits, yet their
bioavailability is restricted by the carrot cell wall and cell membrane. To enhance the stability and bioavailability
of carotenoids in carrot juice and improve its nutritional value, this study systematically investigated the effects of
high—pressure homogenization (HPH) under different pressures (20, 40, 60, 80 and 100 MPa) and cycle numbers
(1, 2 and 3 cycles) on the physicochemical properties, storage stability, carotenoid release rate, carotenoid
stability, and in vitro bioavailability of carrot juice. Results demonstrated that HPH treatment significantly reduced

the particle size of carrot juice, improved suspension stability, and promoted carotenoid release. Specifically, the

RS HHEA: 2026—03—15

BETH. “HUL” ERESTAITES LT, WadekamalHh S RPT5E (2023YFF1105205)
EERE: RAKZ (2005-), <o, AR, By BB,

*BIEEE: BB (1983-), B, it EIHEE, 50k m. kS Thfea i,

1 |
2026 E55A 1




Hh ] £ AL

-_f2 £ & =0
China Food Additives.2s 38 Bt 5T

carotenoid release rate reached (41.0386 +0.3321)% at 80 MPa. During storage at 4 'C,

the sample homogenized at

100 MPa maintained stable suspension stability for 7 days, while the carotenoid content in juice treated at 80 MPa

remained at approximately 42 pg/g throughout storage. /n vitro simulated digestion experiments revealed that the

carotenoid release from homogenized samples was higher than that from the untreated sample at the end of intestinal

digestion. Furthermore, the bioavailability of carotenoids increased steadily with the number of homogenization

cycles, reaching (22.00+0.20)% at 80 MPa for 3 cycles. This study provides a scientific basis for the optimization of

processing technologies for carrot juice products.
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Figure 1 Microscopic observation of carrot juice treated
with HPH
¥E: (A) H20/1, (B) H60/1, (C) H100/1, (D) H80/1,
(E) H80/2, (F) H80/3
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Table 3 Effect of homogenizing pressure on physicochemical properties of carrot juice

e D10/um D50/um D90/um B RE Zeta FL¥ /mV
C 0.76+0.0312¢ 2.85+0.0492 192.5+0.24° 0.52+0.0162° 18.66+0.4013¢
H20/1 0.26+0.0041° 1.01 +0.0704¢ 145.6+0.94 0.73+0.0062° 20.34+0.8438
H20/2 0.26+0.0012° 1.07 +0.0047¢ 123.5+3.89¢ 0.77+0.0187° 21.13+0.3683¢
H20/3 0.25 +0.0008" 0.67 +0.0854¢ 3154227 0.78+0.0024" 20.31+0.4872°
H40/1 0.22+0.0012° 0.41+0.0052¢ 2.5240.02¢ 0.87+0.0155¢ 21.19+0.5621°
H40/2 0.23 +0.0005* 0.37+0.0008° 231+0.01° 0.88 +0.0025¢ 21.55+0.6445"
H40/3 0.22 +0.0008" 0.34+0.0012° 2.19+0.03¢ 0.79+0.0559" 21.27+0.4013°
H60/1 0.21+0.0008 0.32+0.0012¢ 2.21+0.04 0.88+0.0141¢ 19.87 +0.3189°
H60/2 0.21 +0.0026° 0.31+0.0017" 2.29+0.02¢ 0.880.0117 21.02+0.5751°
H60/3 0.19+0.0005° 0.30+0.0005 239+0.11° 0.86+0.0021¢ 21.02+0.7867
HS80/1 0.19+0.0012° 0.29 +0.0043 2224034 0.85 +0.0052¢ 21.76+0.2436°
H80/2 0.19+0.0037° 0.28+0.0037" 1.97+0.03¢ 0.84+0.0041¢ 20.83 +0.0921%
HS80/3 0.12+0.0069¢ 0.26 +0.0005* 0.43+0.01° 0.82 +0.0024¢ 19.21+0.4219
H100/1 0.18 +0.0269° 0.29+0.0053 1.02+0.37¢ 0.80+0.0025" 20.26+0.2436®
H100/2 0.20+0.0139° 0.29+0.0051 0.83+0.13 0.77+0.0048" 21.92 +0.6639°
H100/3 0.12+0.0041¢ 0.23 +0.0024° 0.34+0.98" 0.72+0.0085¢ 20.36+0.4013®
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Figure 2 Effects of different HPH conditions on carotenoid release from carrot juice
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Table 4 Changes of particle size of carrot juice during storage at 4 °C
C H20/3 H40/3 H60/3 H80/1 H80/2 H80/3 H100/3
Dayl 0.3740.0312¢  0.25+0.0008*® 0.22+0.0008® 0.20+0.0005"® 0.21+£0.0012*® 0.19+0.0037% 0.13£0.0069** 0.12+0.0041**
Day3 0.33+0.0137°° 0.26£0.0024*® 0.21 +0.0087® 0.16+0.0229** 0.19£0.0065** 0.18+0.0026** 0.15+0.0136** 0.15+0.0051**
Day7 D10 0.39+0.0085< 0.27+0.008"®  0.2140.0009"® 0.19+0.0005** 0.21+0.0008® 0.18+0.0014** 0.13+0.0446"* (.16+0.0017%*
Day10 / 0.26£0.0077 0.23+£0.0134*® 0.214+0.0091*® 0.22+0.0021* 0.17+£0.0138** 0.27+0.0651"® 0.16+0.0033**
Dayl4 / / / 0.22£0.0058*® 0.26+0.0579% 0.21+£0.0005® 0.23+£0.0125*5 0.15+0.0428*
Dayl 1.85+£0.0492%> 0.68+0.0854*° 0.35+£0.0012*® 0.30£0.0005® 0.3+£0.0043® 0.28£0.0037** 0.27+0.0005** 0.23 £0.0024**
Day3 1.84£0.0245" 1.12£0.0262°¢ 0.38£0.0081*® 0.31£0.0087% 0.36+0.0021*® 0.34 £0.0037° 0.27+0.0049** 0.27 £0.0012**
Day7 D50 1.93+0.0141°® 1.18£0.1223*¢ 0.4£0.0029*® 0.35+0.0005*® 0.38+0.0009% 0.33+0.0008"® 0.31=+£0.2451*® 0.27+0.0005**
Dayl10 / 1.16 £0.0294° 0.62+0.0881°" 0.53+0.0293° 0.51£0.0045°¢ 0.44+0.0127°® 2.07+0.2023"F 0.39+£0.0076"
Dayl14 / / / 3.64+£0.5326" 2.43+0.8492% 0.45+0.0036°* 10.61+6.6817 0.34+0.0182°
Dayl 4.5940.3324" 2.36+0.5138° 1.69+0.0411** 1.72+0.0759*® 1.06+0.4029"® 1.43+0.0850°® 0.38+£0.0017** 0.42+0.0008**
Day3 4.58£0.1391°F 2.81+£0.0249*5 3.44+0.3872® 2.26+0.7669* 2.36+0.0331°® 3.09+0.0991° 1.64+£0.5835*5 0.98+0.6711**
Day7 D90 4.38+0.0287*C 3.33+£0.9471%® 2.44+0.0216** 2.28£0.0660°* 2.37+£0.0047°* 2.54+0.0094** 3.51+£0.9638F 2.51+0.0419*
Dayl10 / 2.79+£0.0082% 2.514£0.03094 2.53+0.0309** 2.76 £0.0189** 2.65+0.0386°* 3.13+£0.9290"® 3.26+0.0094%
Dayl14 / / / 3.81+0.1117® 2.85+0.0309°* 3.05+£0.0499* 3.83£0.9815®F 2.92+0.0655%

i AR/ NG F RS RO A RE R, F—A AR RIS TR m A R GO BN A IR S B A e 22 57 (P
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WA 3 (B) s, BEEAEM YL STt
w, PR E M2 T R, TR R Z 100
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Figure 3 Effects of different HPH times (A) and HPH pressure (B) on the suspension stability of
carrot juice during storage
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Figure 4 Effects of different homogenization times (A) and homogenization pressure (B) on the storage stability of
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F: ARAFEZRRAREERER (P <0.05), NGFEERFE IR, KNG T E20R R R EOR R B R

24 {RIMERLEWL
2.4.1 RS N RBEHCE

HRAE 2.1 ) o UL AR BE 4 7, B b
M L5 M7 = B3 B R v IR . PR T A RE
SRS 2 N AW R R I B R R A 4 R
B, HAESES R EEBIR, X5 Ah
I BRE ) BE BRI AR A Y,

W5 Frw, R TR 35 5 7 R i A A
PR SNE AT AR SR D ERECR, YA
FIFARTE HHA A R BRI RO, RIAES
FRPERREE A, ¥ BAL BT SEHA S S 0 B HRE L
RHERA R s (BEREAL A, LT RS
FEMS, ¥ AL R IR TR OR, B A R
FE AT S, BERHCRE P BT EmSA T M
%, Hrr 80 MPa N ERHUE T, 4 80 MPa A~

) B PR R FOb B FE - (H80/1, HB80/2, HS0/3)
T2 ST S R AR R 45 SR AT A,
IR N =4S At A B2k E 5, HE
ERAREBBE L, FEmPhERE P EREE
IS, BRI, C AR N
FORE R TE BEA R SN Ab o 7 H 13.83%
B REAR R 7.42%, ULBARII RE i A AR
SRAVZETBERE, FRE T A N R B
— R s T3 AL IR A B A T IR R
HCRERE N FRE . 5 Mutsokoti L 4 122 [l iff 57 45
SAHR, A B IS A I R T B2 3 o A HE g
PRS2 iR N £ 3R 4R I 235 4 B e IR
Jei, BEAS f— W | 2 MR o o R ik ) B )
FEEEE R, iR EEAE bR A,

9 1
2026 E55A 1




Hh ] £ AL

-_f2 £ & =0
China Food Additives.2s 38 Bt 5T

£S5 ARBHRENFHFUREIAL MTRXEAT bR
TEARIMEUE K P R AR #20E

Table 5 Effects of different homogenization times and

pressure on the release rate of carotenoids from carrot
juice during in vitro simulated digestion

WG B2 WAiE AL
(0 min) (120 min) (240 min)
C 12.89 +0.46 11.81+£0.25% 7.42+0.32%¢
H20/3 10.43 +0.30 12.11 £0.46*8 10.04 +0.25%

H40/3 10.32+0.25" 12.01+0.35® 10.17 £0.36%

H60/3 11.17+£0.35% 9.53+0.30% 11.03+£0.41

H80/1 12.38+0.18* 11.69+0.12%® 12.31£0.86%

H80/2 10.69+0.10° 11.61£0.32:® 13.02+0.56%

H80/3 10.93+0.12¢4 11.71£0.13% 13.30+0.37¢

H100/3  11.06+0.28 11.91£0.38* 11.20£0.32¢4

e A=A RN F R R AR RE (5]) A BE
E57, REWKREGFERFRAEHELB T (17) FRErER (P
< 0.05)

242 EEEE NRAYAIRE

FiHE PEZREEAR, HARIZE
SRR, AT iR B ARG R, 4
RERORS BB, ML BT RO BB JE 18 AR
IR AR E R N R SR AR AR =
PR A S S 28 00 IS SR AL 3 S T B3 g
W B9, FERE L 2 BiRoRk B B B 2
B N EBARMAM Y, ERIESE AR
BREEHE MEAYHHEERER %, X
PN T A2 (AN 3 gk ) 853 e vl A BEAS
FHEAE AL AR T EERL B AR A 1) K AR R
B, AT AR E S D Z Ay R AL BE AR 22,
Lemmens L 4§ 2 B 58 & BLAE AR A 2 |~ AR AN
A b p— A SRR A S B

FONESRFIAE N, 5 2 Hb b B T 40 B B g 24 %)
RGN AN iR AN TR AR b K255 AR
B SRS AR B R EE B, [R] B SEPE I N RE
PANMEEAE N AR f— B SR AR
FE, B, AU EGI T 58 5, A
LU R ER S DA SRSy, LR
KA S RAANFTA R R R ok,
ALHE/NT S S 40 B G 40 H A A DA e R /N4 g
W, R A O A BT e I TR A A A 1 L B ok
ARSI E N R 29, JH bR
Hh 2R IV A R A A A R B ARG (< 15%,
AT AR RIS EARA e EEN
2, BUHK LR EHRARRR) o

mEs (A), HopEEDmm#ET, 4
O 1 5 0 O, (5 A5 0V Ak VA e fil T AR 1
K, A BT g i IR, (R4S 20 M i) 28R
RERGWOR K, Hp ClAY R EZ
(12.78+0.157) %, H80/1 2 (19.2+0.172) %,
H80/2 2 (20+0.192) %, H80/3 & (22+0.2) %,
bl & 3 BT AL BRI N, R P ERAY
RS G I, U BH ) J A B 5 R B 5 2
A THRESEHE PEWEYFAHE, HES
(B) AILAFR B M & Y LR ST, K% b
RWAY R E ST &GRS, M
(16.08+0.22) % F+ & £ (22.0+£0.15) %, XEFEZE
(17.69+0.18) %, X 5HSETEIAE FEW
RO SBAH A . 0HA  JTTak B2 b 20 i B Y i O 2
XPAREAE D ZAYR R EERE, @i
RS A, A iRy RS MR
VR ET =, 2R TRk, 20Eem
R, FEmSIEAAEERI A BAE R R ARG K,

A 25+ . . B 25 .
x 201 i ; =20 b b
il 151 ¢ i 15 E :
E 0] o E
= 104 =10
N R
#H 51 H s

0 0

C H80/1 H80/2 H80/3 H20 H40  H60 H80  HI100
HYIREL YIS

B5 AEPHEURE (A) FHRES (B) MNEHE MREYFIAEHZIME
Figure 5 Effects of different HPH times (A) and HPH pressure (B) on carotenoid bioavailability
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Figure 6 Particle size distribution of digestive juice during in vitro simulated digestion
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