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Abstract: As one of the most prominent spices in the world, pepper (Piper nigrum L.) is extremely popular due to its
aroma and flavor. Current study focuses mostly on the production of piperine in pepper, although starch, the primary
component of pepper granules, has been researched infrequently and nothing is known about it. The potential for pepper
starch to interact with pepper’s active components is crucial to pepper production and industrial development. This
study separated the starch in black pepper and white pepper using the sodium thiosulfate method and analyzed the two
types of pepper starch using various characterization techniques to investigate the characteristics of starch in pepper
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(black pepper and white pepper) produced by different processing methods. The results indicated that the purity of black
pepper starch and white pepper starch was 96.38 and 97.70%, respectively, with low protein, fat, and ash content, and that
they belonged to the high-purity starch; SEM and particle size distribution analyses revealed that both black pepper starch
and white pepper starch contained exceptionally small starch granules (volume-weighted average diameters of 3.44 um and
4.80 um, respectively), although the particle size distribution of black pepper starch was more irregular and broader. Both
types of pepper starch had an A-shaped structure; White pepper starch contained more amylose (24.21%), relative crystal-
linity (34.21%), gelatinization temperature (90.42 C), gel strength (1466.72 g), tackiness (157.53), chewiness (87.55), gel
enthalpy (15.80 J/g), and retrogradation value (1294.00 cP) when compared to black pepper starch. However, white pepper
starch’s molecular short-range order (0.67), peak viscosity (3074.00 cP), trough viscosity (2615.67 cP), breakdown viscos-
ity (458.33 cP), and final viscosity (3909.67 cP) were significantly lower than those of black pepper starch (P<0.05), indi-
cating that there are variations in the structure and physicochemical properties of pepper produced by various processing
methods. In conclusion, the morphologies of the two types of pepper granules are comparable, and white pepper starch has
more amylose concentration and molecular short-range order, as well as better gel qualities and retrogradation characteris-
tics. The primary distinction between white pepper and black pepper is the presence or absence of exocarp; this distinction
may be attributable to the presence of a small amount of starch in the exocarp of black pepper. The results of this study
would lay a theoretical foundation for the application of pepper starch as a novel unconventional crop small-granular starch

in the food and non-food industries and promote the sustainable growth of the pepper business.
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FE S AETCRAE A 5000 H1 10 000% | FEA7WEZ
124 BESH IR EHRE" )7 kB
o, SRR X TE R RLAR M, AR S A AR
P AUk 2, A EI A E R e, KA
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Mro HSkikE$E P36 R BIMIESHSL, Bl RER
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MRJE R 5.0 mm/s, BEZUESE R E, AR
H50%IE AR, il & s 5.0 g
1.2.9 #BULTH#AFE ] DSC I E HIHE K
(IHERPE | MERR PRI 3.00 mg SARUTE B RE 5 F1 6 pL
RIBKETHMHRS, ERr®Es, HSHRIER
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/min, A< 100 mL/min, 0% THREZ.
1.3 #iELE

TSR E R 3 U, i Origin 2021 FRAEXS
BAEAb 218, IBM SPSS 26 # #7810 4t
PEEEIM ST BEAS AR, UK P<0.05.
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Tab. 1 Composition analysis of black and white pepper starches
R sy RIEH HEH R Jig Wi K5y HHEER &
Sample Moisture/% Total starch/(%, db) Protein/(%, db) Fat/(%, db) Ash/(%, db) Amylose content/(%, db)
BWIBGER  9.42+0.17° 96.38+1.34" 2.810.20° 0.24+0.03* 0.56£0.07° 19.78+0.23"
FIEMIER  8.92+0.07° 97.70+2.75 1.73+0.04° 0.18+0.03* 0.39+0.11° 24.21+0.21°
TE: db FoREREK A T3 P<0.05 .

Note: db represents the dry basis after removed moisture; different lowercase letters after the same column of data indicate significant difference

(P<0.05).
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Fig. 1 Scanning electron microscope morphology of
black and white pepper starches
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(3.44,2.24 um )( P<0.05), 5K FEMTER ML,
2 FIEAMRGERY R AR N T TAN 20 THRGE Y oK
TEK (9.76 um ). HR4E FALADE 2508I% i b3 ks
TN ATZE, EARTER & T/ NBURLE R, thE A
LRSS YN T TR ST 5 Ol TR L A NS i 5 |
W RAED) /INBURLE K 0T AVE S 2 3k . mT B A
WISt RS, AR AR B U A

2 ZHWMAAHRMEREES S

Tab. 2 Particles size distribution of black and
white pepper starches

FE & Sample D [4, 3)/um D [3, 2] /um D (0.5)/pm D (0.9)/um

HHATERS 3.44+0.04° 2.24+0.06*° 4.99+0.15* 51.20£1.02°
EIFARERS  4.83+0.04°  3.70+0.19° 2.43+0.27°

: D[4, 3PAMBUNBCE-Y EAE; D [3, 2108 R HACE-
¥EAE; D (0.5 HHTERE; D (0.9 90%H ki /T 1tk
HiE,

Note: D [4, 3] is the volume-weighted average diameter; D [3,
2] is the surface-weighted average diameter; D (0.5) is the volume
median diameter; D (0.9) is 90% of the particles smaller than this
diameter.

4.83+0.09°
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Fig. 2 FTIR spectroscopy of black and white pepper starch
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Fig. 3 XRD spectra of black and white pepper starches
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Tab. 3 Molecular short-range order and relative
crystallinity of black and white pepper starches

B AHXTES R 4 A
Sample Ri047/1022 Roos/1022 Relative Crystal
P crystallinity/%  type
HIABTER  0.75+0.03° 1.45+0.07°  30.11+1.40° A
HBABITER  0.67+0.03° 1.48+0.02°  34.21+1.49° A

H : Rigaz10020 R/RTE 1047 em™ Fl 1022 cm™ 4b AW BE (B 2
L, Rogsnons F/RTE 998 em ' Al 1022 em ' AL AW EEH 2 HE .
Note: Rjoa71022 represents the ratio of absorbance values at

1047 cm™' and 1022 cm", and Roog/1022 represents the ratio of ab-
sorbance values at 998 cm™ and 1022 cm™'.

B} /8] Time/min

B 4 EEHAMIE BRI 2
Fig. 4 Pasting propertiesof black and white pepper starches
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Tab. 4 Pasting properties of black and white pepper starches

B U (K 2 AHERG B i i LR [il £ ff 1Ak B[] iR Ry

Sample Peak Trough Breakdown Final Setback Peak Pasting
P viscosity/cP viscosity/cP viscosity/cP viscosity/cP viscosity/cP time/min temperature/ C
HIABIEN  3596.00£34.70° 3151.67+47.06° 477.67£56.54* 4051.00+57.97* 899.33+82.11° 5.43+0.09* 89.09+0.64°
FIRGER  3074.00£62.22° 2615.67+52.81°  458.33£10.79* 3909.67+£95.31° 1294.00+47.70°  5.61+0.08" 90.41+0.40°

P<0.05

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).
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A, R JE oy UL 7 28 R S R B e A B SR e
An R FISIARTE R BORG FHE (—58.37 g-sec)
/N T RRWIMRIE R BORG RE (—5.08 g-sec ), 11
DR TS0 i X TR M 14 DR (o] A S B8 e A
Fr Z (B ) BE s, M TR AER T B I FROR BT
WU S5 PTRF5 R IRl A 5 fak 5 R P I A 1
RS, A6 45 SR o 2 WY 91 [l A 5 B8 oy ke
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Tab. 5 Textural and thermal analysis of black and white pepper starches
Hh (03 G B B B R MEL MR-
Sample Hardness/g Adhesiveness/(gs™") Cohesiveness Cohesiveness Chewiness
SEHHE R 1047.90+30.58° ~5.08+0.84° 126.22+10.52° 0.14+0.01° 82.52+3.58°
R A 1466.72+53.19° ~58.37+8.00° 157.53£13.94° 0.15+0.02° 87.55+2.17°
P<0.05

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).
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Fig. 5 DSC curve of black and white pepper starches
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Tab. 6 Textural and thermal analysis of black and white pepper starches

FE i Sample T,/ C T,/C T./C T~T,/C AH/(J g™
EE 78.43+0.41° 82.57+0.62° 90.99+0.70° 12.56+0.33% 12.26+0.87*
B AE # 77.35+0.17° 85.03+0.09" 92.05+0.07° 14.70+0.14° 15.80+0.49"

TE: To R IR, T, R, TR IR, T~T, 2L ERE, AH JyBEBAE;

P<0.05

Note: T, is the starting temperature, T, is the peak temperature, T, is the end temperature, T.-T, is the gelatinization temperature range,
AH is the gel enthalpy; different lowercase letters after the same column of data indicate significant difference (P<0.05).
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